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ATTACHMENT A 

TECHNICAL COMMENTS ON TOTAL MAXIMUM DAILY LOAD (TMDL) FOR WATKINS CREEK 

ST. LOUIS COUNTY AND ST. LOUIS CITY, MISSOURI 

(PUBLIC NOTICE VERSION, JUNE 1 THROUGH JULY 16, 2012) 

 

The Metropolitan St. Louis Sewer District (MSD or the District) has several technical 

implementation and other concerns with the bacteria total maximum daily load (TMDL) to 

establish wasteload and load allocations to protect whole body contact recreation - category B 

(WBCR-B) in Watkins Creek1.  The District is concerned about the potential ramifications of the 

Watkins Creek TMDL as well as the several others recently public noticed for waterbodies within 

St. Louis City and County.  Due to the complexity of understanding water quality conditions 

within urban streams, the TMDL calculation process, and the potential major impacts to the 

District, local governments, private development, other businesses and to residents, it was not 

possible (despite a substantial effort and expenditure of resources) to fully analyze and 

comment on the TMDL within the 45-day public comment period.  Additional time is needed to 

conduct a thorough review and have constructive dialogue with the Missouri Department of 

Natural Resources (MDNR or the Department).   

 

The analysis that has been completed, however, suggests that the water quality in Watkins 

Creek is very close to meeting the designated recreational use.  Therefore, the TMDL may be 

unnecessary as the data within the classified reach meet the state criterion over the long term.  

Further, the District believes that the basic approach to developing the TMDL (grouping of data, 

use of a load duration curve with existing water quality data, lack of appropriate 

implementation planning considerations, etc.) must be improved.  The District requests revision 

of the TMDL with more stakeholder coordination to ensure that the most appropriate TMDL is 

established based on sound, current, and defensible science.  This should include development 

of a phased TMDL, which would be consistent with the U.S. Environmental Protection Agency�s 

(USEPA) new Integrated Municipal Stormwater and Wastewater Planning Approach Framework 

(USEPA, 2012) 

 

Furthermore, the District requests meeting with the Department to discuss the technical and 

implementation comments provided below with respect to not only the Watkins Creek TMDL 

but all other TMDLs for waters within the District.  We believe resolution of the comments 

below will allow the Department to develop legally compliant, more appropriate TMDLs for 

urban streams. 

 

1. LAND USE AND WATERSHED INFORMATION 

 

a. The TMDL land use and watershed information must be supplemented with more 

accurate, local data.  

The land use statistics presented in Section 2.4 of the draft TMDL are based on data collected at 

30-meter resolution obtained from Thematic Mapper imagery (MoRAP, 2005).  At this resolution 

the data are insufficient for purposes of providing accurate land use statistics (e.g., impervious 

area).  Additionally, the metadata file states the following:  

1
 The draft TMDL is located at http://www.dnr.mo.gov/env/wpp/docs/1708-watkins-ck-tmdl.pdf. 
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�Data only appropriate for regional scale assessments.� 

�Data has not been subjected to accuracy assessment.  No accuracy stated or implied.� 

Therefore, with these comments the District is providing the Department with more detailed GIS 

layer of land use data in the St. Louis area.  The attached figure provides several key findings 

that may aid subsequent revisions to all TMDLs in the District�s service area, which are discussed 

below.   

First, this assessment demonstrates that nearly 600 parcels along Watkins Creek are not served 

by the District�s sewer system.  Therefore, wastewater generated at the developed portion of 

these parcels is likely managed with on-site systems (e.g., septic systems or lagoons).  Obviously, 

these point or non-point sources could significantly impact the water quality of Watkins Creek.  

Second, the two major highway corridors (I-270 and MO-367) are significant portions of the 

watershed area (approximately 6%) and must be included in the TMDL as these are managed 

under the Missouri Department of Transportation municipal separate storm sewer system 

(MS4) permit.   

These datasets can and should be used for several purposes in the TMDL and implementation 

plan, including source identification and characterization, load and wasteload allocation 

calculations, and prioritization of implementation actions.  The District requests that MDNR 

consider such data with subsequent revisions to the TMDLs. 

 

2. DEFINING THE PROBLEM (WATER QUALITY DATA ANALYSIS) 

 

a. The majority of the TMDL data were collected outside of the classified reach designated 

for WBCR and these data should not be used for TMDL calculations.  

Only 33 (42%) of the 78 recreational season E. coli grab samples used in the analysis were 

collected in the classified section of Watkins Creek (sites 1708/0.4 and 1708/0.8) where the 

designated recreational use applies.  The remaining bacteria data were collected from sites 

between 0.5 and 4.3 miles upstream from the classified reach and were not adjusted to account 

for natural settling and decay processes that would occur as bacteria are transported 

downstream.  As a result, using these data in the analysis overestimates current loading 

conditions in the classified section.  In addition, these upstream segments exhibit ephemeral or 

intermittent flow conditions and shallow depths that prevent attainment of whole body contact 

recreation uses.  The photograph below illustrates one of the modified sections of the upstream 

segment.  The Department should either use an appropriate watershed model to account for 

bacteria fate and transport from upstream locations or limit the evaluation to data collected in 

the classified portion of Watkins Creek. The TMDL, to be legally compliant and scientifically 

valid, must not be based on unrepresentative data. 
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Modified Watkins Creek Segment at Upstream Sampling Site. 

 

 

b. Variability of E. coli density between sample sites suggests that grouping data is 

inappropriate.   

Existing load estimates in the TMDL were developed using E. coli data collected from five 

sampling locations � only two of which are located in the classified segment of Watkins 

Creek.  The implicit assumption of grouping data from all five locations is that the data are 

comparable and representative of the classified segment.  However, a review of the dataset 

indicates E. coli levels vary significantly between sites.  For example, E. coli levels are notably 

greater at site 1708/1.4/4.3 (apparently mislabeled as 1708/1.2/4.3 in the TMDL), which is 

located 4.3 miles upstream from the classified section of Watkins Creek.  While these data, if 

appropriately analyzed, may be useful for understanding bacteria sources and watershed 

contribution, they should not be used for the modeling approach used by the Department.  

Therefore, as indicated above, the Department should either use an appropriate watershed 

model and or limit the evaluation to data collected in the classified portion of Watkins Creek.    
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c. Recreational season datasets that are skewed or predominantly composed of wet-

weather or runoff samples are not representative and therefore should not be used to 

calculate TMDL components.   

The TMDL indicates that 78 E. coli samples were used in the loading analysis (Table 4 in the 

TMDL).  Data were collected by three organizations (MDNR, MSD, and USGS) over a 14-year 

period.  According to the TMDL, data from years with greater than five samples were assessed 

against the WBCR-B criterion; the remaining samples were used to supplement existing load 

calculations in the TMDL.  Only the four most recent (2007-2010) years included five or more 

samples.  During these years, the number of samples ranged from 5 to 20 (50 total).  For years in 

the remaining period of record (1997-2007), the number of samples available was low, ranging 

from two to four depending on the year (28 total).  

 

The District is concerned that data from the early period of record (1997-2007) were primarily 

collected during wet-weather conditions and therefore are not representative of average 

conditions in the watershed.  The number of samples available from both periods of record 

shows that early data were collected to target wet weather conditions, whereas, recent data 

were generally collected as part of a more routine monitoring program.  The long term 

probability of a rain event greater than 0.25 inches within a three day time period is 31% 

(Lambert Airport, 1996 to 2011).  The routine monitoring scheme between 2007 and 2010 

resulted in 13 of 50 (26%) samples collected within three days following a rain event greater 

than 0.25 inches, which is similar to the long-term record.  However, the majority of samples 

from 1997 through 2006 (15 of 28 or 54%) were collected within three days of a rain event in 

excess of 0.25 inches.  This analysis shows that the dataset from the early period of record (1997 

� 2006) was skewed towards wet weather influenced conditions. 

 

A comparison of the data from the two periods of record supports this concern.  The median 

and maximum bacteria levels measured in the earlier period of record are much higher than 

levels measured in the recent period of record (see figure below).  If data from 1997 � 2006 

were collected during high or first flush flow events then these data would overestimate existing 

loading conditions and not reflect average loading in the watershed.  The Department should 

reevaluate all data and demonstrate that wet weather events do not bias TMDL components.  
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d. Discrete bacteria samples are not representative of daily average E. coli levels in the 

Watkins Creek watershed. 

It appears as though the Department applied daily average flows measured at USGS Station 

07001985 (adjusted upwards by a factor of 1.25) to the discrete bacteria samples to calculate 

existing loads.  We are concerned that the discrete bacteria samples are not representative 

indicators of daily average bacteria levels in the watershed. As indicated in the previous 

comment, many of the bacteria samples appear to be skewed towards wet-weather events. 

Also, MSD and USGS sampling programs in the MSD service area targeted �first flush� storm 

events before 2009. Concentrations measured during these events likely represent the highest 

bacteria levels that would have occurred on the sampling date and therefore are not accurately 

reflect daily average bacteria concentrations in the stream. As a result, applying first flush 

sampling results as a daily average value likely overestimates existing loading in Watkins Creek. 

The Department should use an alternative modeling approach which appropriately translates 

discrete bacteria and instantaneous flow samples to daily or seasonal values that can be 

compared to the WBCR-B criterion.  

 

e. The flow adjustment approach likely over-estimates current bacteria loads within the 

classified segment of Watkins Creek.  

The Department apparently applied a single linear adjustment factor (1.25) to correct flow data 

measured from USGS station 07001985 for the drainage area of the classified segment.  These 

corrected flows were then applied to sample data collected from all monitoring sites, regardless 

of the watershed area upstream of the sampling site.  This flow correction approach is not 

appropriate due to non-linear hydrologic scaling relationships and non-uniform distribution of 

outfalls often found in urban watersheds.  In addition, by using a single flow adjustment factor, 

bacteria loading is likely overestimated.  If a linear adjustment factor is retained in the TMDL 

evaluation, a unique adjustment factor should be calculated for each monitoring location based 

on the ratio of its watershed area to the watershed area at the USGS gaging station.  We request 

that the Department reevaluate the appropriateness and application linear flow adjustments in 

the Watkins Creek TMDL.  

 

f. Additional justification regarding the application of censored data is needed to determine 

representativeness.   

Several bacteria sample results were censored and reported as either �less than� or �greater 

than� values.  For calculation purposes, �less than values� were halved and �greater than� 

values were doubled.  The TMDL states (page 31) that this methodology is consistent with the 

Department assessment protocols but does not specify or describe these protocols.  We are less 

concerned with the practice of halving �less than� values than we are with doubling �greater 

than� values.  For �less than� values, the initial value is generally low and there is a lower bound 

(zero) beyond which the value cannot be adjusted.  For �greater than� values, the initial value is 

generally high and there is no corresponding upper bound that limits the data adjustment.  We 

are concerned that doubling �greater than� values is inherently arbitrary and speculative and 

may significantly inflate bacteria loading estimates.  We request that the Department provide a 

rationale for evaluating censored data and consider alternative approaches that do not 

incorrectly overestimate loading values associated with �greater than� values.  
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g. Long-term geometric average bacteria levels in the classified section of Watkins Creek 

indicate that the whole body contact use may not be impaired.  

The TMDL load duration curve modeling approach incorrectly compares discrete bacteria 

measurements from multiple points in the watershed to a long-term average criterion.  It is 

more appropriate to compare the long-term average of the sample data from the classified 

section to the state criterion.  The geometric mean of E. coli data collected from the classified 

section (sites 1708/0.4 and 1708/0.8) is 185 colonies per 100 milliliters (col/100 mL).  This 

geometric mean is less than the water quality criterion of 206 col/100 mL, indicating that the 

WBCR-B use already may be attained in the classified section of Watkins Creek.  While the 

compliance with this water quality criterion is based upon individual recreational seasons and an 

exceedance frequency of no more than one-in-three years, this analysis shows that the 

recreational use may be attained and that the large load reductions specified within the TMDL 

are not justified.  

 

3. SOURCE INVENTORY AND ASSESSMENT 

 

a. The TMDL should discuss the importance of bacterial sources in the context of human 

health risks and this factor should be an important aspect of implementation planning. 

Recent quantitative microbial risk assessments (QMRAs) conducted by USEPA contractors have 

shown that setting appropriate recreational indicator bacteria limits (i.e., corresponding to 

illness rates of 8-9 per 1,000 WBCR exposures) requires an understanding of bacteria sources 

(Schoen and Ashbolt, 2010 and Soller et al., 2010).  These studies illustrate that some non-

human sources of bacteria pose a lower risk than human sources of bacteria.  These studies are 

discussed in more detail in Item 4.b below.  Due to these new research findings, the District 

urges the Department to either defer TMDL adoption until after additional source identification 

studies can be conducted or to adopt a phased TMDL that includes source identification studies 

to be conducted prior to the implementation of load reduction activities, and for the findings of 

those studies to be incorporated into the TMDL and implementation approach. 

 

b. The source assessment should distinguish between natural or background sources of 

bacteria versus anthropogenic sources. 

Sources of bacteria indicator organisms, particularly E. coli, are complicated in urban 

environments.  The Watkins Creek watershed has some areas of dense development but also 

large areas of forested or undeveloped land covers, particularly along the riparian corridor.  

These more naturalized environments support a significant amount of wildlife that could be 

significant sources of bacteria indicators.  In addition, E. coli has been associated with soil, 

plants, and stream sediments, which complicates source assessment.  Stream sediments have 

been viewed as a significant source of E. coli through regrowth and resuspension processes.  

These natural or background sources of bacteria are often uncontrollable and likely do not pose 

significant risk to human health.  The District requests that the Department evaluate these 

sources and the lower risk to human health in the TMDL source inventory and assessment. 
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c. The USGS microbial source tracking study results are likely not representative of 

conditions in Watkins Creek.   

The referenced USGS study was funded by the District in an effort to better understand the 

influence of sanitary sewer overflows (SSOs), combined sewer overflows (CSOs), and treated 

wastewater discharges on local receiving waters.  The sources as well as the fate and transport 

behavior of indicator organisms in the USGS study are so different from those found in Watkins 

Creek that the results of the USGS studies should not be applied to Watkins Creek.  The District 

also opposes the use of the regression between bacteria concentrations and upstream SSOs 

since this relationship is only strong due to the inclusion of the Missouri and Mississippi Rivers in 

the dataset. These rivers, due to their watershed size and associated land uses, are not 

representative of receiving waters such as Watkins Creek that are influenced by SSOs and not 

CSOs.  The District supports the potential use of microbial source tracking for future phases of 

the TMDL or implementation planning, particularly using new techniques that are more suitable 

for sanitary surveys.  

 

 

d. More detailed, local information must be used in assessing bacteria sources. 

The District and local governments have extensive data that can be mined to more accurately 

assess bacteria sources in the watershed.  The District�s data were discussed briefly under 

comments related to land use and land cover.  These data also include sanitary and storm sewer 

information that can be used to assess potential locations of on-site wastewater management 

system and stormwater outfalls.  The District requests that the Department incorporate these 

data in the TMDL source assessment.  In addition, local information related to on-site 

wastewater management system inspections should be included in the TMDL rather than relying 

on national performance data.   

 

e. The water quality improvements and load reduction by the District�s upcoming 

elimination of constructed SSOs and other sanitary sewer improvements must be taken 

into account.   

The TMDL source inventory and assessment suggests that SSO contributions to the potential 

water quality impairment are significant.  The District has been aggressively implementing 

actions to reduce SSOs and improve sanitary sewer systems within its service area, including 

committing in a federal consent decree to eliminate all constructed SSOs and to continue to 

develop and implement a Capacity, Management, Operations, and Maintenance (CMOM) 

program2.  MDNR is a party to the Federal lawsuit and will receive copies of MSD�s submittals 

under the consent decree.  The water quality improvements and load reductions resulting from 

the District�s efforts must be accounted for in estimating future load reduction requirements.   

 

 

2
 The CMOM Program will include detailed performance goals for the prioritization, cleaning, inspection, and rehabilitation of the 

entire sewer system. Implementation of the federal consent decree will also include continued implementation of the District�s Fats, 

Oils, and Grease (FOG) Program, the development and implementation of a Private Inflow and Infiltration Reduction Program, a 

Building Backup Response Plan, and a Non-Capacity Related SSO Response Plan. 
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f. The language regarding �the presence of sewerage system infrastructure�, 

�mismanagement�, and �sewage discharge� on page 13 and any subsequent references 

should be deleted. 

This is broad-sweeping language that implies that simply the presence of a sewerage system will 

result in non-attainment of the WBCR-B designated uses.  This statement is inaccurate and 

should be deleted.  

 

g. The Missouri Department of Transportation (MoDOT) MS4 permit should be incorporated 

into the TMDL as a point source and must be included in the wasteload allocation. 

The I-270 and MO-367 highway corridors comprise a significant portion of the watershed (6%) 

and a likely higher percentage of the watershed�s impervious area.  These corridors should be 

controlled under the MoDOT MS4 permit.  Pitt et al. (2004) demonstrates that highways 

significantly contribute to bacteria loading during wet weather conditions, with median fecal 

coliform densities ranging from 730 to 1,700 col/100 mL.  Therefore, the MoDOT MS4 permit 

must be referenced as a point source in the TMDL and included within the wasteload allocation. 

 

h. The reference to MS4 stormwater management plans should be revised.    

The source assessment and inventory section pertaining to the MS4 permit held by the District 

and co-permitted local governments states that stormwater management plans are to be 

developed to �prevent the input of harmful pollutants� (page 15).  The District requests that the 

Department revise the TMDL to state that these plans are to be developed to �reduce the 

discharge of pollutants from the MS4 system to the maximum extent practicable,� consistent 

with state and USEPA regulations and guidance. 

 

i. The District�s Supplemental Environmental Project (SEP) to eliminate some septic systems 

should be put into proper perspective.   

As referenced in the TMDL, the District committed to a SEP to eliminate some septic systems 

within our jurisdiction as part of the recent federal consent decree.  The specified expenditure 

for this SEP is only $1.6 million and is to be used for low income homeowners.  This money may 

also be used to repair defective private laterals.  Therefore it is unlikely that the SEP will result in 

a significant reduction of bacteria within the Watkins Creek watershed.  The District requests 

that the TMDL be revised to accurately describe the limitations of the SEP so that local 

landowners and stakeholders have a realistic expectation that additional actions will be needed 

to address failing septic systems.    

 

4. APPLICABLE WATER QUALITY STANDARDS AND NUMERIC TARGET 

 

a. The water quality condition targeted by the TMDL is not sufficiently linked with human 

health risk in the Watkins Creek watershed. 

The TMDL targets a WBCR-B E. coli criterion of 206 col/100 mL as a recreational season (April 1 

through October 31) geometric mean.  This criterion is based on the USEPA 1986 bacteria 

criteria document (�1986 criteria�).  While a geometric mean of 206 col/100 mL is the approved 

WBCR-B criterion, this criterion is not appropriate for several waterbodies within our jurisdiction 

because the underlying epidemiological studies are  1) poorly correlated with risk, 2) rooted in 
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two unsupported assumptions, 3) not representative of inland flowing waters, and 4) largely 

focused on publicly-owned treatment work (POTW) impacted waters. 

USEPA�s 1986 criteria are based on a poor regression from relatively few epidemiologically 

studies.  The epidemiological studies supporting this criterion were conducted on just two lakes 

over three years � i.e., Lake Erie and at Keystone Lake about 60 miles east of Tulsa, Oklahoma in 

1979, 1980, and 1982.  At the 95 percent confidence level, results from these studies indicate 

the corresponding mean E. coli density for the WBCR-B protection level (i.e., 10 illnesses per 

1,000 swimmers or 1.0% risk) range anywhere from approximately 120 col/100 mL to 500 

col/100 mL (USEPA, 1984).   

The 1986 criteria are also rooted in two unsupported assumptions (Wymer, 2007).  This stems 

from the fact that USEPA set the 1986 E. coli criteria to have the same level of protection as the 

previously recommended fecal coliform criterion of 200 col/100 mL.  The fecal coliform criterion 

was translated from a prior total coliform criterion, which was based on epidemiological studies 

dating back to 1948.  In order to make this translation, in 1968 the National Technical Advisory 

Committee (NTAC) assumed fecal coliforms comprised about 18% of total coliforms in all waters 

(i.e., first unsupported assumption).  Second, the NTAC arbitrarily halved the indicator density at 

which a detectable health effect occurred (i.e., from 400 to 200 col/100 mL in fecal coliform) 

assuming this would result in zero risk (i.e., second unsupported assumption). 

The 1986 criteria have also been criticized as inapplicable for flowing waters, as they are based 

on studies from two lakes (i.e., Lake Erie and Keystone Lake) selected for the lack of nonpoint 

source pollution.  Flowing waters (e.g., streams and rivers) present some unique challenges that 

are not addressed by the 1986 criteria (USEPA, 2007a).  Inland flowing waters are very diverse in 

terms of water flow, water volume, size, morphology of stream beds, land use, and 

anthropogenic impacts (WERF, 2009).  Additionally, exposures in lakes and flowing waters differ.  

The 1986 criteria include no consideration for these differences such as providing allowances to 

reflect the differences in hydrologic regime (e.g., extreme high flows) (USEPA, 2007a). 

In addition to the issues noted above, the lake studies supporting the 1986 criteria largely 

focused on POTW-impacted waters.  However, the relative human health risks from exposure to 

recreational waters impacted by non-human sources or by poorly or untreated human fecal 

matter are not well understood (Soller et al., 2010; USEPA 2007b).  A growing body of evidence 

suggests relative risks differ depending on the source (e.g., feces from fowl and some large 

animals present substantially lower risk than from humans) (Soller et al., 2010).  The 1986 

criteria do not take these differences into account.  Tools, such as QMRA, could be employed to 

provide more scientifically-defensible and valid criteria based upon actual human health risk.  

QMRA is a powerful tool for exploring the relative risks under different exposure scenarios (e.g., 

storm vs. non-storm event, E. coli from animal feces vs. POTW) (WERF, 2009). With these 

considerations in mind, the District requests that the Department reconsider bacteria targets in 

the future and adjust them as appropriate in subsequent TMDL revisions. 

 

b. The TMDL target should consider the effects of bacteria source on human health risk.  

Recent QMRAs by USEPA contractors have shown that setting appropriate recreational indicator 

bacteria limits (i.e., corresponding to illness rates of 8-9 per 1,000 WBCR exposures) requires an 

understanding of bacteria sources (Schoen and Ashbolt 2010, Soller et al. 2010).  As shown in 

Figure 4 from Schoen and Ashbolt (2010), when percent of bacteria from non-human sources (in 

this case gulls, as shown on the x-axis) is above roughly 80%, the cumulative illness risk (or the 

sum of the gull and human/sewage risk curves) is roughly half the USEPA�s tolerable illness rate 
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(as indicated by the �illness benchmark� horizontal line).  Stated another way, when the percent 

of bacteria indicators from human fecal sources is low, default recreational criteria are 

overprotective and can be safely increased.  Further supporting this understanding, as shown in 

Figure 3b from Soller et al.(2010), predicted illness risks associated with recreational contact 

with a variety of fecal sources all at uniform concentrations of 126 col/100ml E. coli indicate that 

illness rates (and therefore appropriate recreational limits) are very much a function of bacteria 

source.  While some source tracking information is available within the USGS study, a phased 

TMDL approach would allow the collection of additional source data given the very rough nature 

of the USGS source tracking methods.   

 

Source: Schoen and Ashbolt (2010). 

 
Source: Soller et al. (2010) 
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In addition, we offer the following information regarding bacteria source and natural 

background contributions that substantiate selection of alternative water quality targets for 

TMDLs: 

 

California bacteria TMDLS that consider monitoring data from reference watersheds 

when setting criteria exceedance rates 

http://www.waterboards.ca.gov/losangeles/board_decisions/basin_plan_amendments/

technical_documents/bpa_78_R10-006_td.shtml).  

California Basin Plan Amendments that incorporate Natural Source Exclusion into Water 

Quality Standards 

http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/issue_7.

shtml).  

 

5. MODELING APPROACH, LOADING CAPACITY, LOAD AND WASTELOAD ALLOCATION, AND 

MARGIN OF SAFETY 

 

a. The modeling approach and Loading Capacity calculated for Watkins Creek appears to be 

inconsistent with Missouri�s recreational water quality criteria and Total Maximum Daily 

Load guidance developed by the U.S. Environmental Protection Agency. 

Missouri�s WBCR-B criterion (206 col/100 mL) is expressed as a recreational season geometric 

mean, with the stipulated recreation season spanning from April 1 to October 31 (10 CSR 20-

7.031).  Therefore, the bacteria criterion applicable to the currently classified segment of 

Watkins Creek has a seven-month averaging period.   

 

Technical guidance developed by the USEPA (2007c) clearly indicates that development of the 

Loading Capacity Curve should be calculated by multiplying the appropriate daily criterion by 

the average daily flow value.  The Department apparently multiplied the seven-month criterion 

by a daily flow value to obtain the Loading Capacity for Watkins Creek.  

 

In USEPA (2007c) guidance (see Appendix A), USEPA discusses approaches to convert non-daily 

criteria to daily values for use in the Load Duration Curve approach.  Included in Appendix B of 

USEPA (2007c) is a bacteria example calculation that converts a non-daily bacteria criterion to a 

daily value using statistical procedures outlined in USEPA (1986).  Such an example is directly 

applicable to Watkins Creek.  

 

While Missouri water quality standards do not include a short-term (e.g., daily) criterion for 

protection of WBCR-B, the process included in USEPA (2007c) could be used to develop a water 

quality target to evaluate loading capacity for a TMDL with the understanding that the 

recreational season geometric mean should be used to determine water quality standards 

compliance. The Department should recalculate the Loading Capacity (and TMDL components) 

for Watkins Creek based on an appropriate TMDL target that considers the correct averaging 

period.  Such an approach may include development of a daily TMDL target based on statistical 

characteristics of bacteria datasets collected in Watkins Creek.  An example of an alternative 

daily TMDL target analysis is provided in the next comment. 
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b. The load duration curve must be adjusted so that sample data and TMDL target have 

comparable averaging periods.  

As discussed above, technical guidance developed by the USEPA (2007c) suggests that load 

duration curves should be calculated from data and criteria that have the same averaging 

period.  Data used in the TMDL report did not have the same averaging period.  In the TMDL, the 

Department multiplied the recreational season geometric mean criterion by a daily flow value to 

obtain the loading capacity for Watkins Creek.  This loading capacity was then compared to daily 

bacteria measurements and geometric means of data from various daily flow exceedance 

intervals.  

 

The correct way to calculate the TMDL would be to either 1) convert the bacteria and flow data 

into recreational season geometric mean values and compare them to the geometric mean 

water quality criterion or 2) convert the recreational season water quality criterion to a daily 

value and compare it to the daily data.  Either method would provide a more accurate 

representation of existing loading conditions relative to intended water quality criterion.  The 

first method of converting the sample data to a recreational season geometric mean is 

complicated by the fact that limited data are available from most years to calculate a 

representative geometric mean value.  However, the second method of converting the average 

water quality criterion into a daily value is a straightforward process.  Appendix B of USEPA�s 

(2007c) technical guidance includes an example bacteria calculation that converts a non-daily 

bacteria criterion to a daily value using statistical procedures outlined in USEPA (1986).  This 

example is directly applicable to Watkins Creek and is illustrated in the following paragraphs. 

 

The USEPA (1986) method used to develop the alternative daily statistical targets for E. coli is 

based on both the inherent variability in water quality data (as measured by the log standard 

deviation) and the assumed log-normal relationship between the geometric mean and statistical 

maximum value of bacteria data.  Once calculated, this statistical maximum value can be 

interpreted as a daily target that is protective of the long-term average criterion, even when it is 

exceeded a certain percentage of the time.  The USEPA approach therefore also provides a 

method for assigning a degree of caution based on the expected use intensity of the water.  For 

example, USEPA�s 1986 method included a high degree of caution (75% confidence) that can be 

assigned for heavily used waters while a lower degree of caution (95% confidence) can be 

assigned for waters with limited use.  

 
We applied this alternative target approach to data (n = 33, log SD = 0.81) collected from the 

classified section of Watkins Creek.  The alternative target was developed using the 90% 

confidence interval (CI) factor as this level likely corresponds to infrequent use of Watkins Creek 

(�lightly used full body contact� from USEPA 1986).  We view this as a highly conservative 

calculation since the District is not aware of any WBCR uses that have occurred within Watkins 

Creek.   

 

The result of applying a daily alternative target significantly changes the interpretation of TMDL 

conclusions regarding loading capacity and potential reductions in Watkins Creek (see Figure 

below).  By using a more correct daily TMDL target, we estimate that only existing bacteria loads 

in the two high flow condition categories (0-10%, 10-40%) may be above the target.  Given that 

very few values in these high flow categories exceed the alternative daily target, we also 

conclude that Watkins Creek may not be impaired (see also earlier comments suggesting use 
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attainment).  In addition, because the criterion is a recreational season geometric mean and 

calculated over the range of flow conditions, a number of load reduction scenarios could be 

applied across the various flow conditions on the load duration curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison between the MDNR-calculated TMDL and Alternative Statistical 

Maximum 90% Confidence Interval Target for the Classified Section of Watkins Creek. 

 

Note 1: Only data (n = 33, log SD = 0.81) from sites 1708/0.4 and 1708/0.8 are included. 

Note 2: There were inconsequential differences between the distributions of 

recreational season and annual flow data.  To maintain consistency with the TMDL 

report, watershed-adjusted flow data used by Department were used to calculate both 

loading capacity curves.  

 

If the Department chooses to retain the load duration curve approach, the approach must be 

adjusted so that the sample data and water quality criterion are expressed with the same 

averaging periods.  We believe that the method outlined above is the most appropriate way to 

express the data and criterion as daily values while still maintaining consistency with the 

recreational geometric mean water quality criterion.  

 

c. Methods used to determine the Loading Capacity result in a Margin of Safety that is 

unrealistic and significantly overestimates uncertainty.  

As noted in an earlier comment, the Loading Capacity curve depicted in the TMDL is apparently 

based on use of the 206 col/100 mL geometric average.  In other words, the 206 col/100 mL 

target could be considered a daily not-to-exceed target.  By implementing the criterion as a daily 

value, the Department is protecting a geometric mean condition well below the WBCR-B 

criterion according to USEPA (1986) guidance.  By using this approach, the implied geometric 

mean target is 19 col/100 mL, assuming the statistical distribution of the Watkins Creek water 

quality data (i.e., 0.81  log standard deviation).  Such an assumption creates an arbitrary and 

unrealistically large margin of safety that may be approximately 11 times greater than intended 

by the current draft of the TMDL.   
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d. An explicit Margin of Safety is not needed as bacteria are treated as a conservative 

parameter in the Load Duration Curve modeling approach. 

As noted in other comments, the Department has apparently grouped data collected 

throughout the watershed (outside the 303d-listed segment) into the Load Duration Curve 

developed for a single location in the watershed.  It is well acknowledged in the technical 

literature and USEPA (2001) guidance the bacteria indicators are not conservative parameters.  

Rather, organisms undergo decay and settling processes when introduced into the water 

column, as well as potentially regrowth in sediments and resuspension.  Thus, measurements 

collected several miles upstream of the impaired segment are not �instantaneously transported� 

to a single point of compliance represented by a Load Duration Curve.  Treating bacteria as a 

conservative parameter represents an implicit margin of safety and renders additional explicit 

safety factors unnecessary.  

 

e. The Load Duration Curve approach provides a very limited linkage between watershed 

processes and bacteria fate and transport mechanisms.  

The Load Duration Curve approach for TMDL development may be an expedient means to 

determine TMDL components.  However, quantitatively evaluating improvements likely to result 

from implementing management scenarios (e.g., land use practices, structural Best 

Management Practices, sanitary sewer improvements, etc.) is precluded by this empirical 

approach.  In comparison, a numerical watershed model (e.g., SWAT, HSPF, SWMM etc.) 

provides a quantitative link between watershed improvements and calculated changes in 

bacteria densities.  A watershed model offers several implementation advantages over a Load 

Duration Curve approach including but not limited to: (1) a more accurate estimate of loading 

capacity during the recreational season, (2) identification of critical source areas, (3) 

consideration of fate and transport mechanisms, (4) a framework to assess data collected at 

different times/locations (i.e., Watkins Creek), (5) a framework to allocate loads to meaningful 

discharge categories, and (6) optimization and selection of management scenarios to help best 

achieve water quality standards with available resources.   

 

Achieving the currently proposed TMDL load reductions in Watkins Creek would take decades 

(or longer), require significant investments, and would not allow resources to be targeted at 

restoring uses during the periods where the creek is most likely to be used for recreation (low 

flows).  These costs and timeline in mind, the District believes that the TMDL should be based 

upon a meaningful tool that links in-stream criteria with the landscape processes that generate 

and transport bacteria.  A more robust modeling tool is needed to deal with the complexities of 

bacteria fate and transport in an urban environment, and to avoid an arbitrary result and 

unnecessary and costly expenditures that would be unsupported by a meaningful reduction in 

risk or other benefits to human health or the environment. 

 

f. If the load duration curve approach is retained, the Department should calculate separate 

load duration curves for each monitoring site in the watershed.  

As discussed above, we believe that a more robust modeling tool is needed to correctly account 

for the complexities of bacteria fate and transport in an urban environment.  However, if the 

Department chooses to retain the load duration curve approach, it must be modified to 

accurately reflect conditions in the classified segment.  In the absence of specifying decay and 

settling to more accurately quantify bacteria loads from upstream sites, a load duration curve 
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should be developed using data only for those sites located in the classified section.  This 

modeling approach would better reflect conditions in the classified reach.  If calculated using 

appropriate flow adjustment factors (see earlier comments), individual load duration curves 

could also be developed for sites outside of the classified reach.  Analysis of these curves may be 

useful in helping to identify critical source areas in the watershed, therefore allowing 

implementation resources to be focused to achieve the greatest public health benefit.  

 

g. The Watkins Creek TMDL should consider feasible management options and actual risk 

during wet weather conditions.  

According to Cleland (2002) as cited by TCEQ (2007), the upper parts of the Load Duration Curve 

may represent flow conditions that exceed feasible management.  Specifically, the experts that 

TCEQ enlisted state in their report: 

�Exceedances occurring at the low flows may require regulatory actions to control point 

sources.  At the mid range and high flows, management measures directed towards 

nonpoint sources could be developed.  At some point in the flow frequency, control of 

pollutant sources becomes unfeasible.  Pollutant loadings at these high flow events 

typically exceed design specifications for control actions.  For this reason, it may be 

reasonable to exclude data and loadings that occur at flooding conditions.� 

In addition, we note that high flows may also represent reduced illness risk because: (1) whole 

body contact recreation may be non-existent, and (2) velocities may exceed those considered 

safe for swimming by Hyra (1978).  These considerations in mind, the District asks the 

Department to incorporate these factors that present lower risk during 0% to 10% exceedance 

interval when estimating load reduction needs.  A revision could be implemented by selecting a 

higher confidence interval when identifying a daily TMDL target using USEPA (1986) bacteria 

criteria guidelines.  

 

h. Wasteload allocations and TMDL targets must consider natural sources. 

Pathogenic indicator bacteria, such as E. coli, are contributed to streams, rivers, and lakes by 

various sources including natural sources (e.g., deer, raccoons, waterfowl, soils, sediments, 

plants, and decaying organic matter, etc.).  Natural or wildlife contributions should be 

considered when setting TMDL bacteria targets and developing wasteload allocations.  The 

District submits that the Department must evaluate natural bacteria loads and the 

corresponding human health risks. Such evaluations must be used to make appropriate 

wasteload allocations for stormwater permittees. 

 

i. Wasteload allocation and implementation expectations must consider the limitations of 

treatment provided by structural and non-structural best management practices. 

The District believes that technical feasibility must be considered when implementing any TMDL 

provisions into MS4 permits.  Such a position is supported by the Maximum Extent Practicable 

(MEP) standard and minimum control measures approach embodied in the Clean Water Act.  

The reality of the MEP standard is supported by results generated by the International 

Stormwater Best Management Practice (BMP) Database (BMP DB).  The BMP DB is a warehouse 

for performance data of various urban stormwater BMPs.  Recently, data from the BMP DB were 

used to evaluate the performance of various structural BMPs in treating bacteria (see below for 

figure, with permission).  Results from this analysis suggest that typical flow-through and passive 

control BMPs may not be capable of consistently achieving WBCR criteria, depending upon the 
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expressed average period or duration.  The ability of other BMPs, such as infiltration or 

capture/reuse systems, are constrained by soil infiltration conditions, available open space, land 

availability, reuse opportunities, and infrastructure or utility conflicts.  The MEP standard must 

be employed in implementing MS4 controls, including the development and implementation of 

the Watkins Creek TMDL. 

 

Please note that the entire BMP DB report on Fecal Indicator Bacteria can be found at: 

http://www.bmpdatabase.org/Docs/BMP%20Database%20Bacteria%20Paper%20Dec%202010.

pdf 

 
 

j. The TMDL should be revised to exclude extremely high flow events.  

During high stream flows (which occur less than 10% of the time), high stream velocities (greater 

than 2 feet per second or fps) will exceed those necessary for safe recreation (Whole Body 

Contact Recreation).  It is arbitrary and unreasonable to require the highest bacteria percent 

reduction (Table 8) when flows are unsafe for recreation.  The Missouri Effluent Regulations (20 

CSR 10-7.015) recognize this situation by allowing a �temporary suspension of accountability for 

bacteria standards� during periods of wet weather.  With this comment, the District notes the 

90th percentile flow (13.8 cubic feet per second) will likely yield average velocities of 

approximately 2 fps and that peak velocities (i.e., kurtotic urban hydrograph) greater than 2 fps.  

 

The District is very concerned that the TMDL could result in stormwater management 

requirements that go beyond those already adopted for compliance with the MS4 permit (e.g., 

requiring capture and treatment of volumes greater than 90th percentile daily storm depth).  

Such additional requirements exceed the MEP provisions of the District�s MS4 permit and 
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extend beyond the intent of the Phase II stormwater regulations.  Thus, the draft TMDL may 

create stormwater performance objectives that are not required by law, enforceable, or even 

necessary to protect recreational uses.  The Department should reevaluate the load reduction 

targets for flows that are generated by precipitation events greater than the 90th percentile 

storm. 

 

k. It is not clear if sanitary sewer overflows (SSOs) are included in the wasteload allocation. 

On page 23 (second paragraph), the draft TMDL indicates that wasteload allocations for SSOs 

are considered zero.  In the following sentence, the Department states that SSOs are included in 

the wasteload allocation.  These two sentences appear to be contradictory and should be 

clarified. 

 

l. It is arbitrary and unrealistic to assign permit holders a wasteload allocation equal to zero. 

Section 7 suggests that permit holders listed in Table 5 are to be prescribed a wasteload 

allocation of zero.  It is not clear what TMDL allocation scheme or technical basis supports a 

wasteload allocation of zero.  The District notes unavoidable natural background loads, the 

limits of treatment achievable through implementation of structural BMPs, and the need for a 

watershed model to distribute wasteload allocations to spatially explicit locations or discharge 

categories.  The District requests that all permitted entities, including the Missouri Department 

of Transportation, be assigned wasteload allocations.  In addition, the municipal MS4 co-

permittees should also be included in the wasteload allocations. 

 

m. The wasteload allocation included in the TMDL is inaccurate given the technical concerns 

with the Load Duration Curve approach. 

The wasteload allocation assigned to the District�s MS4 permit was based upon the Load 

Duration Curve approach.  For the reasons described above, these calculations and all wasteload 

allocations must be reevaluated and adjusted, as appropriate. 

 

6. IMPLEMENTATION PLAN 

 

a. Maximize grant funding to assist with TMDL implementation. 

The District understands that Section 319 grant funding guidance requires that grant awards be 

directed at addressing nonpoint source pollution concerns and watershed restoration activities.  

The TMDL indicates the watershed does not include any nonpoint source discharges, but this 

does not mean that Section 319 funding is not available to help with TMDL implementation 

activities.  Section 319 grant guidance published by EPA (see 68 FR 205) specifically states:  

 

�Section 319 funds may be used to fund any urban stormwater activities that are not 

specifically required by a draft or final NPDES permit.�  

 

The section also describes other urban runoff management activities that could be eligible for 

Section 319 funding, including technical assistance to local stormwater programs, monitoring 

needed to design and evaluate the effectiveness of implementation strategies, best 

management practices for pollution prevention and runoff control except those required by a 

draft or final NPDES permit, information and education programs, technology transfer and 

training, and development and implementation of policies, regulations, and local ordinances to 
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address stormwater runoff.  The District urges the Department to more explicitly state what 319 

funding will be sought and how that funding could be used to assist in TMDL implementation 

efforts.  

  

b. TMDL implementation should allow sanitary sewer improvements to proceed prior to 

other restoration activities.   

The District strongly urges the Department to postpone TMDL implementation to allow sanitary 

sewer improvement efforts to be completed.  The District, USEPA, the Department, and with 

some input from the Missouri Coalition for the Environment (as well as the District stakeholders) 

spent several years determining the best approach to implementing sanitary sewer 

improvements.  This approach, as well as a post-construction monitoring plan, is embodied in a 

federal consent decree.  After all SSO projects have been completed, the CMOM Program has 

been fully developed and implemented, and in-stream water quality has been assessed for at 

least two years, the Department should evaluate whether the creek is impaired and delist the 

creek if appropriate.  If the creek is still impaired, then the TMDL should be revisited and the 

requirement to move forward with load reduction efforts may be appropriate via the addition of 

enhanced MS4 program implementation and BMPs.  This could include more focused illicit 

discharge detection and elimination, conducting sanitary surveys, addressing septic system 

failures, and other bacteria-focused BMPs. 

 

c. The TMDL implementation plan should include the opportunity to develop site-specific 

recreational use criteria.   

The District believes that it is possible to develop a more accurate, site-specific water quality 

target for the TMDL that is protective of human health for Watkins Creek and allows the District 

and other stakeholders to more efficiently target limited financial resources across all of MSD�s 

watersheds.  This can be accomplished through the use of state-of-the-art quantitative 

polymerase chain reaction (qPCR) detection methods, human-specific indicator or marker 

species measurements, pathogen measurements (if needed), quantitative microbial risk 

assessment and the latest microbial source tracking techniques.  This is also discussed in item 

4.a above.  The District suggests that the Department include at least a two to three year period 

in the implementation schedule to allow this to be completed. 

 

d. The TMDL should be re-written to be a phased TMDL that includes revision of the water 

quality target(s), collection of additional data and information, and adjustments to the 

wasteload and load allocations. 

The Watkins Creek TMDL and all subsequent TMDLs that the Department develops for 

waterbodies within the District�s service area will impose requirements on the District and other 

stakeholders to reduce pollutant loads.  The Department should recognize that in most 

instances, the District�s ratepayers will bear a disproportionate burden for implementing the 

TMDL.  USEPA�s new integrated municipal stormwater and wastewater planning approach 

(USEPA 2012) is intended to help states and communities  

�assist municipalities on their critical paths to achieving the human health and water quality 

objectives of the Clean Water Act by identifying efficiencies in implementing requirements 

that arise from distinct wastewater and stormwater programs, including how to best 

prioritize capital investments.� 
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The TMDL does not fully integrate, and may not be sufficiently consistent with, the consent 

decree that binds the District along with USEPA and the Coalition.  This decree addresses 

mitigation of sanitary sewer overflows and post-construction monitoring which will help ensure 

that any recreational use impairments in Watkins Creek are addressed.  The implementation 

plan for the TMDL should also consider the additional requirements for stormwater sources that 

will be imposed through the District�s MS4 program.  The implementation plan should also 

include further source characterization, monitoring, assess beneficial use attainment, sanitary 

sewer improvements and CMOM efforts, and evaluation of on-site wastewater systems.  

Because of the disproportionate cost that the District�s ratepayers are bearing, additional 

stormwater controls should only be pursued after �lower hanging fruit� controls have been 

identified. 

Given USEPA�s new framework, the Department has added flexibility to integrate the Watkins 

Creek TMDL and other urban stream TMDLs within the District�s service area into a more 

comprehensive facility planning approach.  Under USEPA�s framework, there are many options 

that could be considered.  The District recommends that the Department conduct a stakeholder 

meeting(s) on these options to evaluate how best to consider this new approach with respect to 

restoring urban streams within the District�s service area. 

 

e. The timing and necessity for TMDL issuance and implementation should take into account 

consent decree obligations and resource allocations. 

The District is presently implementing water quality improvements prescribed by a federal 

consent decree.  These improvements are likely to reduce bacteria concentrations in Watkins 

Creek.  Issuance and implementation of the TMDL prior to completing the referenced 

improvement creates the potential for resource allocation conflicts and a high potential for 

other inconsistent and conflicting obligations. Such conflicts also arise from the coarse TMDL 

source and allocation analysis dictated by the Load Duration Curve method.  In other words, the 

TMDL does not thoroughly quantify the relative contributions from various source categories, 

permittees, or critical subwatersheds.  Attempting to implement a TMDL without a meaningful 

source analysis has the potential to arbitrarily divert resources away from areas or sources most 

in need of improvement.  Therefore, any TMDL implementation plan must include and integrate 

consent decree improvements, CMOM activity, and monitoring of the resulting stream water 

quality prior to any additional efforts to improve wet weather conditions. 

 

f. The potential cost, technical complexity, and stakeholder interest in the TMDL warrants 

additional public participation. 

The District notes that Missouri�s Public Participation Plan stipulates that public meetings be 

held when appropriate.  The District believes that public meetings are appropriate due to the 

potentially significant infrastructure planning and capital costs associated with implementing 

the TMDL.  For the purposes of rough estimation, we estimate that installing stormwater 

treatment retrofits to the MEP could cost from $10,000 to $30,000 per developed urban acre.  

This estimate was based upon rough local cost calculations and costs gathered from other MS4 

programs that have TMDL drivers.  Since the Watkins Creek watershed is composed of 

approximately 2,600 urban acres, the District is concerned that the cost of stormwater 

implementation could range from $25 million to $75 million.  Therefore, the District believes 

that public meetings are certainly warranted and appropriate prior to finalizing the TMDL.  The 
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District requests to move forward in a collaborative manner with the Department in developing 

TMDLs for waters within or intersected by District boundaries.   

 

7. REASONABLE ASSURANCE 

 

a. The TMDL should include other District actions planned for the watershed in the 

discussion about reasonable assurance. 

The TMDL does not address the actions that MSD is required to take in the Watkins Creek 

watershed (and other watersheds) under the above referenced consent decree that can and 

should count towards reasonable assurance that the TMDL will be implemented.  These actions 

include sewer lining, supplemental environmental projects, sanitary sewer improvements, 

continued development and implementation of a CMOM Program, as well as other actions.  

TMDL requirements must be integrated with the consent decree obligations to avoid conflicting 

obligations, unnecessary expenditures, and other arbitrary and/or duplicative requirements. 

 

b. The TMDL should rely on the maximum extent practicable (MEP) standard for reasonable 

assurance in stormwater permits. 

The District is very concerned about the mention of effluent limits in stormwater permits in the 

discussion of reasonable assurance.  In 1987, Congress amended the Clean Water Act (CWA) to 

expand the National Pollutant Discharge Elimination System (NPDES) permitting program to 

include pollutants discharged in certain types of stormwater runoff.  Section 402(p) was added, 

which states, in part: 

 
§402(p) Municipal and Industrial Storm Water Discharges. (3) Permit Requirements. 

(A) Industrial Discharges. Permits for discharges associated with industrial activity shall 

meet all applicable provisions of this section and section 301 [Related to effluent 

Limitations]. 

(B) Municipal Discharge.  Permits for discharges from municipal storm sewers (i) may be 

issued on a system- or jurisdiction-wide basis;  (ii) shall include a requirement to 

effectively prohibit non-storm water discharges into the storm sewers; and (iii) shall 

require controls to reduce the discharge of pollutants to the maximum extent 

practicable, including management practices, control techniques and system, design and 

engineering methods, and such other provisions as the Administrator or the State 

determines appropriate for the control of such pollutants [emphasis added].   

 

The stormwater permitting program defined in the statute explicitly incorporated the phrase 

�reduce the discharge of pollutants to the maximum extent practicable� (known as the MEP 

standard) into the regulations and the resulting permits.  The District believes that the CWA only 

imposes the MEP standard on MS4 permit holders and that the imposition of effluent limitations 

in municipal stormwater permits is not authorized.  Section 402(p)(A) regarding discharges 

associated with industrial activities clearly references the Section 301 effluent standards (rather 

than the MEP standard), whereas Section 403(p)(B) regarding discharges from municipal storm 

sewers employs the MEP standard (rather than the 301 effluent standards). The imposition of 

effluent limits on MS4 permit holders will exceed the Department�s jurisdiction and authority. 

 

Based on the applicability of the MEP standard, the District urges the Department to include 

reference to the MS4 being revised to include the implementation of appropriate and 

incremental BMPs to reduce the discharge of pollutants from the municipal storm sewer system 
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to the maximum extent practicable, but only if, after sanitary sewer improvements efforts are 

complete, water quality has not been restored. 

 

REFERENCES 

Cleland, B.R. 2003. TMDL Development from the �Bottom Up� � Part III. Duration Curves and 

Wet-Weather Assessments. America�s Clean Water Foundation. Washington, DC. 

https://engineering.purdue.edu/~ldc/new/PDF/TMDL_Development_from_the_Bottom

_UP_PartIII.pdf  

Cleland, B.R. 2002. TMDL Development from the �Bottom Up� � Part II: Using Duration Curves to 

Connect the Pieces. America�s Clean Water Foundation, Washington, DC. 

https://engineering.purdue.edu/~ldc/JG/duration/PDF/TMDL_Development_from_the_

Bottom_UP_PartII.pdf  

Hyra, R. 1978. Methods for Assessing Instream Flows for Recreation. Cooperative Instream Flow 

Service Group, Fort Collins, CO. 

MoRAP (Missouri Resource Assessment Partnership).  2005.  Land Use/Land Cover Data 

[ArcView shapefile].  Available from http://www.msdis.missouri.edu 

�Nonpoint Source Program and Grants Guidelines for States and Territories.� Federal Register 

68:205 (October 23, 2003) p. 60,665. 

Pitt, R.,  A. Maestre, and R. Morquecho. 2004. The National Stormwater Quality Database 

(NSQD, version 1.1). Dept. of Civil and Environmental Engr. University of Alabama, 

Tuscaloosa, AL http://rpitt.eng.ua.edu/Research/ms4/Paper/Mainms4paper.html  

Schoen, M.E. and N.J. Ashbolt. 2010.  Assessing Pathogen Risk to Swimmers at Non-Sewage 

Impacted Recreational Beaches.  Environ. Sci. Technol. 44, 2286-2291. 

Soller, J.A., M.A. Shoen, T. Bartrand, J.E. Ravenscroft, N.J. Ashbolt.  2010.  Estimated human 

health risks from exposure to recreational waters impacted by human and non-human 

sources of faecal contamination.  Water Research 44, 4647-4691. 

Texas Commission on Environmental Quality (TCEQ). 2007. Bacteria Total Maximum Daily Load 

Task Force Report. Austin, TX. http://twri.tamu.edu/reports/2009/tr341.pdf  

U.S. Environmental Protection Agency (USEPA). 2012. Integrated Municipal Stormwater and 

Wastewater Planning Approach Framework.  May 2012.  

http://www.epa.gov/npdes/pubs/integrated_planning_framework.pdf  

USEPA. 2007a. Report of the Experts Scientific Workshop on Critical Research Needs for the 

Development of New or Revised Recreational Water Quality Criteria.  EPA 823-R-07-006. 

http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/experts

_index.cfm  

USEPA. 2007b. Critical Path Science Plan for the Development of New or Revised Recreational 

Water Quality Criteria.  EPA 823-R-08-002. 

http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/plan_in

dex.cfm  

USEPA. 2007c. An Approach for Using Load Duration Curves in the Development of TMDLs. EPA 

841-B-07-006. Office of Wetlands, Oceans and Watersheds. Washington, DC. 

http://www.epa.gov/owow/tmdl/duration_curve_guide_aug2007.pdf  



Watkins Creek TMDL Public Notice Comments | July 16, 2012 | Page 22 of 22 

USEPA. 2001. Protocol for Developing Pathogen TMDLs. EPA-841-R-00- 002. Office of Water, 

Washington, D.C. 

http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/upload/2003_07_03_tmdl_pat

hogen_all.pdf  

USEPA. 1986. Ambient Water Quality Criteria for Bacteria - 1986. EPA-440/5-84-002. Office of 

Water. Washington, D.C. 

http://water.epa.gov/action/advisories/drinking/upload/2009_04_13_beaches_1986crit

.pdf  

USEPA. 1984.  Health Effects Criteria for Fresh Recreational Waters.  EPA-600/1-84-004. 

http://www.epa.gov/nerlcwww/documents/frc.pdf  

Water Environment Research Foundation (WERF).  2009.  Report on the Experts Workshop on 

Critical Research and Science Needs for the Development of Recreational Water Quality 

Criteria for Inland Waters. Project No. PATHW09, Washington, D.C. 

Wymer, L. J., ed.  Statistical Framework for Recreational Water Quality Criteria and Monitoring. 

West Sussex: Wiley, 2007. 



ST3
6

7

B
P

-2
1
1

0
9
E

2
-0

3
9
S

B
P

-2
1
0

0
9
E

3
-0

0
2
S

B
P

-2
1
4

0
9
E

1
-0

9
3
S

B
P

-2
1
3

0
9
E

2
-0

3
8
S

§̈ ¦2
7
0

¬«A
C

§̈ ¦2
7
0

´

L
e

g
e
n

d

O
C

o
n

s
tr

u
ct

e
d

 S
S

O

W
a
te

rs
h

e
d

 B
o

u
n
d

a
ry

S
a

n
it
a

ry
 s

e
w

e
r,

 A
c
ti
v
e

S
to

rm
 s

e
w

e
r,

 A
c
ti
v
e

Im
p

ro
v
e
d

 C
h

a
n

n
e
l

U
n

im
p

ro
v
e
d

 C
h

a
n

n
e

l

O
th

e
r 

B
M

P

B
io

re
te

n
ti
o

n
/R

a
in

g
a

rd
e

n

P
e

rm
e

a
b

le
 P

a
v
e

m
e
n

t

Im
p
a

ir
e

d
 S

e
g
m

e
n
t

O
p
e

n
s
p

a
c
e

S
tr

u
c
tu

re
s

O
p
e

n
 W

a
te

r

W
a
te

rs
h
e

d
 P

a
rc

e
ls

C
o

n
fi
rm

e
d

 N
o

n
-S

e
w

e
re

d

U
n

co
n

fi
rm

e
d

 N
o

n
-S

e
w

e
re

d

M
O

D
O

T
 R

.O
.W

.

S
e

w
e

re
d

N
o
n

-S
e
w

e
re

d
 P

ro
p
e
rt

y
 w

ith
in

 
W

a
tk

in
s
 C

re
e

k 
W

a
te

rs
h
e
d

, 
J
u
n
e
 2

0
1
2

0
1
,2

5
0

2
,5

0
0

3
,7

5
0

5
,0

0
0

6
2
5

F
e
e
t

S
o

u
rc

e
: 

M
S

D
 2

0
1
2

, 
W

a
tk

in
s
C

re
e
k
c
o

n
n

e
c
ti
o

n
s
_

H
o

s
k
in

s
2

0
1

2
0

6
0
8

.m
x
d
 j
c

W
a
tk

in
s
 w

a
te

rs
h

e
d

 t
o

ta
l 
im

p
e

rv
io

u
s
 =

 2
3

%

Im
p

a
ir

e
d

 S
e

g
m

e
n

t

W
a

te
rs

h
e

d
 B

o
u

n
d

a
ry

P
e

r 
C

a
p

it
a
 I
n

c
o

m
e
 b

y
 B

lo
c
k
 G

ro
u

p

$
5

,0
5

9
 -

 1
9

,7
6

9

$
1

9
,7

7
0

 -
 3

1
,4

2
9

$
3

1
,4

3
0

 -
 4

6
,5

1
4

$
4

6
,5

1
5

 -
 7

2
,2

1
7

$
7

2
,2

1
8

 -
 1

5
4

,1
0

4








