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Implementing this WPP requires coordination with many 
stakeholders over the next 10 years. Implementation should 
focus on addressing readily manageable bacteria sources in 
the watersheds to achieve water quality targets. This plan 
identified substantial financial resources, technical assistance, 
and education required to achieve these targets. Manage-
ment measures identified in this WPP are voluntary but sup-
ported at the recommended levels by watershed stakeholders.

Measuring WPP implementation impacts on water quality 
is a critical process. Planned water quality monitoring at 
critical locations would provide data needed to document 
progress toward water quality goals. While improvements 
in water quality are the preferred measure of success, docu-
menting implementation accomplishments can also be used. 
Combining water quality data and implementation accom-
plishments helps facilitate adaptive management by illustrat-
ing which recommended measures are working and which 
measures need modification.

Water Quality Targets
An established water quality goal defines the target for future 
water quality and allows the needed bacteria load reduc-
tions to be defined. The stakeholder-selected water quality 
goal in Middle Yegua Creek is the existing primary contact 
recreation standard for E. coli of 126 MPN per 100 milli-
liters. The concentrations of E. coli after five and ten years 
of implementation were estimated based on the assumption 
that 50% and 100% of needed pollutant concentration 
reduction is removed from the waterbody, respectively (Table 
31). If there are revisions or adoption of new water quality 
standards, such as for nutrients, these targets may be revised 
or amended as appropriate.

Additional Data Collection Needs
Continued water quality monitoring in the Middle Yegua 
Creek watershed is essential to track changes resulting from 
WPP implementation. Currently, TWRI conducts monthly 
water quality monitoring at two stations within the water-
shed. Continuing this level of monitoring effort is critical for 
future evaluations and should be maintained.

Chapter 10 
Measuring Success

Middle Yegua Creek at FM 696 by Amanda Tague, TWRI.
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Identifying water quality improvements from WPP imple-
mentation is challenging if relying only on the seven-year 
data window used for the Texas Integrated Report. There-
fore, another method to evaluate water quality improve-
ments is using the geometric mean of the most recent 
three years of water quality data identified within TCEQ’s 
SWQMIS. 

To support data assessment as needed, trend analysis and 
other appropriate statistical analyses would be used. Regard-
less of the method used, water quality changes resulting 
from WPP implementation could be difficult to determine 
and may be overshadowed by activities in the watershed that 
may negatively influence water quality. As such, data review 
would not be relied on exclusively to evaluate WPP effective-
ness. Data should be summarized and reported to watershed 
stakeholders at least annually through stakeholder meetings 
and BRA’s annual CRP meetings.

The watershed coordinator will be responsible for tracking 
implementation targets and water quality in the watershed. 
Implementation progress and water quality will be evalu-
ated to describe the success of WPP implementation to that 
point. Should implementation targets or water quality lag 
significantly, adaptive management efforts will be initiated 
to reevaluate management recommendations and targets 
included in the WPP. 

Interim Measurable Milestones
WPP implementation would span ten years. Milestones are 
essential for evaluating the incremental progress of the man-
agement measures outlined in the WPP. These milestones 
provide a clear roadmap for implementation. Interim mea-
surable milestones for management measures and education 
and outreach activities are detailed in Table 29 in Chapter 9. 
The schedule includes responsible parties and estimated costs 
where available. In some instances, the start of certain items 
may be delayed due to funding acquisition, personnel hiring, 
or program initiation. This approach offers incremental 
targets to track progress throughout the WPP implementa-
tion. Adaptive management would be employed as needed to 
reorganize or reprioritize various implementation aspects to 
achieve the overarching water quality goals.  

The current distribution of monitoring sites and the fre-
quency of data collection limit the ability to detect subtle 
water quality changes resulting from WPP implementation. 
Defining localized impacts from specific WPP activities will 
require focused water quality monitoring efforts, which can 
only be planned once specific WPP activities and locations 
are known. To provide an improved spatial and temporal 
view of water quality across the watershed, funding will be 
sought to continue and expand the current monthly mon-
itoring regime in the watershed. Additionally, as specific 
implementation activities occur, monitoring needs will be 
evaluated. Funding to conduct additional needed monitor-
ing will be sought to enable implementation effectiveness to 
be assessed.

Targeted water quality monitoring could involve paired 
watershed studies, multiple watershed studies, or edge-of-
field runoff analysis where different land use or management 
measures have been implemented. Data from this monitor-
ing could demonstrate the applicability of different BMPs 
within the watershed. Additionally, targeted monitoring may 
include more intensive sampling in other stream segments to 
identify potential pollutant sources.

Through the adaptive management process and WPP 
updates, future water quality monitoring needs would be 
evaluated and adjusted as necessary. Additional monitoring 
needs will be discussed with stakeholders during watershed 
meetings.

Data Review
Watershed stakeholders, specifically the watershed coordi-
nator, are responsible for evaluating WPP implementation 
impacts on instream water quality. This would use TCEQ’s 
statewide biennial water quality assessment approach, which 
utilizes a moving seven-year geometric mean of bacteria data 
as the primary means of assessing implementation success. 
This assessment is published in the Texas Integrated Report 
and 303(d) List. 

It is noted that a two-to-three-year lag occurs in data 
reporting and assessment; therefore, the 2028 or 2030 Texas 
Integrated Report would likely be the first to include water 
quality data collected during WPP implementation.

Table 31. Water quality targets for impaired water bodies.

Station Segment Current Concentration* 5 Years After Implementation* 10 Years After Implementation*
18750 1212A_02 423.7 274.9 ≤126
11840 1212A_02 229.2 ≤126 ≤126
11838 1212A_01 80.7 ≤126 ≤126

MPN – most probable number; mL – milliliter; mg – milligram; L – liter.
*Geometric mean in units of cfu of E. coli per 100 mL of water
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Adaptive Management 
Watersheds are influenced by numerous variables, which 
introduce uncertainties in the management measures 
outlined in this plan. As WPP implementation progresses, 
it is essential to monitor water quality over time and make 
necessary adjustments to the implementation strategy. The 
inclusion of an adaptive management approach in the WPP 
provides the flexibility needed for these adjustments.

Adaptive management is the ongoing process of accumu-
lating knowledge regarding impairment causes and water 
quality response as implementation efforts progress and 
adjusting management efforts as needed. As implementation 
activities are instituted, water quality is tracked to assess 
impacts. This information can be used to guide adjustments 
to future implementation activities. This ongoing, cyclical 
implementation and evaluation process can focus project 
efforts and optimize its impacts. Watersheds where impair-
ments are dominated by NPS pollutants are good candidates 
for adaptive management. Progress toward achieving estab-
lished water quality targets would also be used to evaluate 
the need for adaptive management. An annual implemen-
tation progress and water quality trends review should be 
presented to stakeholders during meetings. Due to numer-
ous factors that can influence water quality and the time 
lag that often appears between implementation efforts and 
resulting water quality improvements, sufficient time should 
be allowed for implementation to occur before triggering 
adaptive management. In addition to water quality tar-
gets, if satisfactory progress toward achieving milestones is 
determined to be infeasible due to funding, implementation 
scope, or other reasons that would prevent implementation, 
adaptive management provides an opportunity to revisit and 
revise the implementation strategy. If stakeholders determine 
inadequate progress toward water quality improvement or 
milestones is being made, efforts would be made to increase 
BMP adoption and adjust strategies or focus areas as appro-
priate.
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Appendix A: 
Load Duration Curve Analysis

A widely accepted approach for analyzing water quality is the use of LDCs. An LDC allows for visual determination of how 
water quality changes with changes in streamflow. The main steps involved in LDC development are: 

1.	 determine the period of record used in developing flow duration curves (FDCs); 

2.	 develop naturalized flows;

3.	 develop daily streamflow records using naturalized flows in step 2, permitted discharges, and water rights diversions;

4.	 develop the FDC; and

5.	 develop the LDC. 

To construct an LDC, an FDC is constructed first, which shows the fraction of time a given flow (in cubic feet per second) is 
expected to be exceeded. An FDC is generated following these steps:

1.	 ranking the daily flow values from highest to lowest (rank = 1, 2, 3..., N);

2.	 calculating the percentage of days each flow was exceeded = 100×rank / (N + 1); and

3.	 plotting each flow value (y-axis) against percentage of days flow exceeded (x-axis).

The FDC is then multiplied by the E. coli criterion (126 MPN per 100 milliliters) for primary contact recreation use, to cal-
culate allowable bacteria loads across different streamflow conditions. As a result, the y-axis indicates E. coli loads, and x-axis 
indicates the percentage of days a certain load of E. coli is exceeded. Afterwards, each E. coli concentration sample was associ-
ated with a streamflow value by the date of sampling. An E. coli concentration value (in MPN per 100 milliliters) multiplied 
by a streamflow value (in cubic feet per second) and a conversion factor (28,316.8 milliliters per cubic foot×86,400 seconds per 
day) will result in a sampled E. coli load value for that day (in MPN per day). Afterwards, sampled E. coli loads were overlain 
on the allowable LDC. Points above the allowable LDC are out of compliance, while points below the curve are under com-
pliance. The difference between measured loads and the allowable load was considered needed load reduction to achieve the 
applicable water quality standards. Additional information explaining the LDC method can be found in Cleland (2003) and 
EPA (2007). 

Given the above, streamflow data are essential for calculating FDC, as well as sampled E. coli loads. For the Middle Yegua 
Creek, although instantaneous flows were collected during the sampling events, they are limited and not representative of 
the overall flow regime behavior of the creek. To account for more comprehensive flow characteristics, FDCs constructed at 
SWQM stations 18750 and 11840 were based on continuous streamflow data estimated using the drainage area-ratio (DAR) 
method (Asquith et al. 2006). The stream gage used in DAR for generating continuous streamflow data was the USGS gage 
08109700 near Dime Box. 

The generalized loading capacity for each of the three flow categories was computed by using the median daily loading capacity 
within that flow regime (12.5 percent, 50 percent, and 87.5 percent load exceedances). The required daily load reduction was 
calculated as the difference between the median loading capacity and the geometric mean of observed E. coli loading within 
each flow category. To estimate the needed annual bacteria load reductions, the required daily load was multiplied by the num-
ber of days per year in each flow condition. Table A-1 includes the calculations used to determine annual reductions in each 
flow condition. The sum of load reductions within each flow condition is the estimated annual load reductions required in the 
watersheds. 
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Table 32. Bacteria load reduction calculations by flow condition.
Flow Conditions

High Flow Moist Condition Mid-Range Low Flow
Days per year 10%×365 20%×365 30%×365 20%×365

Median Flow (cfs) Median observed or median estimated flow in each flow category
Existing Geomean Concentration 

(MPN/100 mL) Geometric mean of observed E. coli samples in each flow category

Allowable Daily Load (MPN) Median Flow (cfs) ×126 MPN/100 mL×283.2 100 mL/cubic foot × 86,400 
seconds/day

Allowable Annual Load (MPN) Allowable Daily Load × Days per year

Existing Daily Load (MPN) Median Flow × Existing Geomean Concentration (MPN/100 mL) × 283.2 100 
mL/cfs × 86,400 seconds/day

Existing Annual Load (MPN) Existing Daily Load × Days per year
Annual Load Reduction Needed (MPN) Existing Annual Load – Allowable Annual Load

Percent Reduction Needed 100%× (Existing Annual Load – Allowable Annual Load)/Existing Annual Load
Total Annual Load (MPN) Sum of Existing Annual Loads

Total Annual Load Reduction (MPN) Sum of Annual Load Reductions Needed
Total Percent Reduction 100%×Total Annual Load Reduction/Total Annual Load

cfs – cubic foot per second; E. coli – Escherichia coli, MPN – most probable number; mL – milliliter.
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Appendix B: 
Potential Load Calculations

Estimates for potential loads are based on the best available data (e.g., local, state, and federal databases, scientific research) and 
local stakeholder input (e.g., local livestock stocking practices, feral hog density, pet populations). Potential loading calcula-
tions assume the worst-case scenario and are primarily used to assist identification of where management measures should be 
implemented first to maximize potential load reductions.

Spatial analysis using GIS was performed to estimate the distribution of potential bacteria loads from various sources across 
the Middle Yegua Creek watershed at subwatershed level, which was defined in the National Hydrography Dataset Plus dataset 
(EPA 2024). Sources considered in this WPP included livestock, including cattle, horses, goats, and sheep, OSSFs, dogs, feral 
hogs, and a WWTF. 

Cattle
Cattle are the dominant livestock species in the Middle Yegua Creek watersheds. A total of 53,130 cattle were estimated based 
on the USDA NASS (2024) reported cattle populations at county level and stakeholder input. The USDA NASS estimated 
cattle populations in Bastrop, Milam, Lee, and Williamson Counties were scaled to the watershed based on the percentage of 
the cattle population that may be in the Middle Yegua Creek watershed. This percentage is the ratio grazeable land cover in the 
watershed to that in the county.  Potential annual E. coli load from cattle was calculated as:

Where:

PALcattle = Potential annual E. coli loading attributed to cattle
Ncattle = Estimated number of cattle in the watershed
AnUcattle = Animal units of cattle; 1 (Wagner and Moench 2009)
FCcattle = Fecal coliform loading rate of cattle; 8.55×109 cfu fecal coliform per Animal Units (AnU) per day (Wagner 
and Moench 2009)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

The estimated potential annual loadings across all subwatersheds due to cattle range between 5.89×106 and 1.35×107 billion cfu.

Goats
A total number of 1,143 goats were estimated based on NASS (2024) estimated county-level goat population and scaled to the 
watershed in grazeable land cover. Potential annual E. coli load from goats was calculated as:

Where:
PALgoat = Potential annual E. coli loading attributed to goats
Ngoat = Estimated number of goats in the watershed
AnUgoat = Animal units of goats; 0.17 (Wagner and Moench 2009)

FCgoat = Fecal coliform loading rate of goats; 2.54×1010 cfu fecal coliform per AnU per day (Wagner and Moench 2009)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

The estimated potential annual loading across all subwatersheds due to goats ranged from 6.35×104 to 1.47×105 billion cfu E. 
coli per year.
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Horses
A total number of 884 horses were estimated based on NASS (2024) estimated county-level goat population and scaled to the 
watershed in grazeable land cover. Potential annual E. coli load from horses was calculated as:

Where:
PALhorse = Potential annual E. coli loading attributed to horses
Nhorse = Estimated number of horses in the watershed
AnUhorse = Animal units of horses; 1.25 (Wagner and Moench 2009)
FChorse = Fecal coliform loading rate of horses; 2.91×108 cfu fecal coliform per AnU per day (Wagner and Moench 
2009)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

The estimated potential annual loading across all subwatersheds due to horses ranged from 4.18×103 to 9.54×103 billion cfu E. 
coli.

Sheep
A total number of 620 were estimated based on NASS (2024) estimated county-level goat population and scaled to the water-
shed in grazeable land cover. Potential annual E. coli load from sheep was calculated as:

Where:

PALsheep = Potential annual E. coli loading attributed to sheep
Nsheep = Estimated number of sheep in the watershed
AnUsheep = Animal units of sheep; 0.2 (Wagner and Moench 2009)
FCsheep = Fecal coliform loading rate of sheep; 2.90×1011 cfu fecal coliform per AnU per day (Wagner and Moench 
2009)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

The estimated potential annual loading across all subwatersheds due to sheep ranged from 4.67×105 to 1.07×106 billion E. coli.

OSSFs
Based on 911 addresses and satellite imagery, a total of 5,293 OSSFs and their spatial distribution were estimated using GIS 
spatial analysis. A failure rate of 15% was assumed based on Reed et al. (2001) and adjusted based on stakeholder suggestions. 
Potential E. coli load from OSSFs was calculated as:

Where:

PALossf = Potential annual E. coli loading attributed to OSSFs
Nossf = Estimated number of OSSFs in the watershed
Nhh = Estimated average number of people per household; 2.05
Production = Assumed sewage discharge rate; 70 gallons per person per day (Borel et al. 2015)
Failure Rate = Assumed failure rate; 15%
FCs = Fecal coliform concentration in sewage; 1.0×106 cfu per 100 mL (EPA 2001)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009) and conversion 
from mL to gallon; 3785.4 mL per gallon

The estimated potential loading across all subwatersheds due to OSSFs ranges from 4.32×104 to 1.57×105 billion cfu E. coli per 
year.
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Feral Hogs
A total of 8,283 feral hog populations were estimated based on an assumed population density of 32 acres per hog. This num-
ber was chosen based on stakeholder input and 265,051 acres of available habitat identified in the NLCD. Using the feral hog 
population estimates, the potential E. coli loading across the watersheds was estimated as:

Where:

PALfh = Potential annual E. coli loading attributed to feral hogs
Nfh = Estimated number of feral hogs
AnUfh = Animal units of feral hogs; 0.125 (Wagner and Moench 2009)
FCfh = Fecal coliform loading rate of feral hogs; 1.21×109 cfu fecal coliform per AnU per day (Wagner and Moench 
2009)
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

The estimated potential loading across all subwatersheds due to feral hogs’ ranges from 1.55×104 to 3.86×104 billion cfu of E. 
coli per year.

Dogs
Based on the USCB (2020) data, a total of 4,250 households were estimated in the Middle Yegua Creek watershed. Stakehold-
ers suggested that there was approximately one dog per household, resulting in 4,250 dogs. Additionally, stakeholders indi-
cated that approximately 100% of dog owners do not pick up dog waste. As a result, 4,250 dogs were used to calculate E. coli 
loadings as follows:

Where:

PALdog = Potential annual E. coli loading attributed to dog
Ndog = Estimated number of dog in the watershed

FCdog = Fecal coliform loading rate of dog; 5.00×109 cfu fecal coliform per dog per day 
Conversion = Conversion from estimated fecal coliform to E. coli; 126/200 (Wagner and Moench 2009)

Therefore, the estimated potential loading attributed to dogs’ ranges from 1.84×105 to 1.20×106 billion cfu of E. coli per year.

WWTFs
Potential loadings from WWTFs were calculated for only one permitted discharger with bacteria monitoring requirements 
in the Middle Yegua Creek watershed. Potential loads were calculated as the sum of the maximum permitted discharges of all 
WWTFs multiplied by the maximum permitted E. coli concentration:

Where:

PALwwtf = Potential annual E. coli loading attributed to WWTF
Discharge = Maximum permitted daily discharge; 0.2 million gallons per day

Concentration = Maximum average permitted concentration of E. coli in wastewater discharge; 126 cfu/100 mL
Conversion = conversion from gallons to mL; 3785.4 mL per gallon

The estimated potential loading across all subwatersheds due to WWTF discharges ranges from 0 to 0.000348 billion cfu E. 
coli per year.
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Appendix C: 
Calculations for Potential Bacteria Load 
Reductions

Estimates for bacteria load reductions in the Middle Yegua Creek watershed are based on the best available information 
regarding the effectiveness of management measures agreed upon by local stakeholders. Real world conditions based on where 
implementation is completed would ultimately determine the actual load reduction achieved and might differ from estimated 
values. Local stakeholders determined the types and numbers of management measures to be implemented over a ten-year 
period based on perceived local acceptability, effectiveness, and available resources.

Livestock Management
The potential load reductions that are achieved through WQMPs/CPs would depend on the specific practices implemented by 
landowners. Load reduction through this management measure would vary based on the type of practice, the number of cattle 
(dominant livestock) in each operation, and the effectiveness of the practice. 

Substantial research has been conducted on bacteria reduction efficiencies of practices. By reviewing the median effectiveness of 
practices in the literature and an average bacteria load reduction effectiveness of 62.8% was used (Table 33). 

The number of cattle per operation was estimated using the ratio of the estimated number of total cattle in the watershed to the 
estimated number of operations, which was scaled from the USDA (2024) county-level number of operations to the grazeable 
lands in the watershed. A total of 865 operations were estimated to be in the watershed, and the average number of cattle per 
operation was estimated to be 61.42.

The plan type coefficient describes the percentage of the adopted WQMPs/CPs that involve conservation practices that are 
62.8% effective at reducing bacteria loads and are applied to manage primary cattle. Since actual practices are unknown, we 
assumed that 25% of the total WQMPs/CPs implemented per year include practices related to reducing bacteria loads attribut-
able to cattle.

Table 33. Conservation practice effectiveness in reducing bacteria loads.
Effectiveness

Conservation Practice Low High Median
Exclusionary Fencing1 30% 94% 62%
Prescribed Grazing2 42% 66% 54%
Watering Facility3 51% 94% 73%

1 Brenner et al. 1996, Cook, 1998, Hagedorn et al. 1999, Line 2002 and 2003, Lombardo et al. 2000, Meals 2001, and Peterson et al. 2011. 
2 Tate et al. 2004 and EPA 2010. 
3 Byers et al. 2005, Hagedorn et al. 1999, and Sheffield et al. 1997.

Using the above assumptions, the potential annual load reduction from cattle management was estimated as:

Where:

LRcattle = Potential annual load reduction of E. coli
Nplan = Number of WQMPs/CPs; 10 per year

 = Animal Units of cattle per WQMP/CP; 61.42 
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