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• 1976 Contact Recreation Criteria 

• Fecal Coliform

Geometric Mean (GM) of 200 cfu/dL

Background



• 1986 Contact Recreation Criteria 

• E. coli

GM of 126 cfu/dL

Background



E-Coli Standards Concentration

Primary Contact Recreation 1 126 #/dL

Primary Contact Recreation 2 206 #/dL

Secondary Contact Recreation 1 630 #/dL

Secondary Contact Recreation 2 1030 #/dL

Noncontact Recreation 2060 #/dL

*Source: 2014 Texas Surface Water Quality Standards

Contact Recreation E-coli Standards



The effects of storm events on the E.coli

126



SARB E. coli Impairments



Model and Tools’ Development 



Drainage Watershed Master Planning

10

• Quantitative approach

• FEMA and local guidelines

• Data: LiDAR, GIS, XS, etc.

• H&H Modeling:

• HEC-HMS

• HEC-RAS

• Floodplain mapping

• No rise

• Trained professionals

• PE, CFM

• Planned/modeled prior to CIP project construction

• Goal: manage acceptable risk



WQ Watershed Mater Planning 

• To date: mostly Qualitative

• Best Management

• To the extent possible/practicable

• 303d listing based on monitoring data (CRP)

• Quarterly monitoring – temporal gap

• Limited SWQM station locations – spatial gap

• BMPs/LIDs planning:

• Little modeling

• Build first, then monitor to see effectiveness

• StormCon – ineffective BMP cases

• Lack of quantitative tools

11



SARA Suite of WQ Modeling Tools

Approach and Tools to allow quantitative WQ planning

• SARA WQ modeling standards

• WQ model development and calibration

• HSPF

• EPDRiv1

• Timeseries Utility Tool

• SARA Landuse Adjustment Tool

• Identify WQ Damage Centers

• Load Reduction Tool

• SARA Enhanced BMP Tool

• BMP Database

• CEV Tool

• BMP Compiler

• BMP Processor 

• BMP Reporter

• EPDRiv1 
Enhancements

• Model Simulation 
Manager



SARA WQ Modeling Standards



SARA WQ Modeling Tools Download Website

https://www.sara-tx.org/flood-management/water-quality-modeling-tools/

https://www.sara-tx.org/flood-management/water-quality-modeling-tools/


HSPF Modeling – QA and third party review

0

10

20

30

40

50

2007 2008 2009 2010 2011

Te
m

p
 (d

e
g 

C
)

Salado Creek, Reach 720

12861 12862 Model Screening

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

3.2

2007 2008 2009 2010 2011

TP
 (m

g/
L)

San Antonio River, Reach 200

12904 Model Screening

0

4

8

12

16

20

240.1

1.0

10.0

100.0

1,000.0

10,000.0

100,000.0

2007 2008 2009 2010 2011

D
ai

ly
 r

ai
n

fa
ll 

(i
n

)

D
ai

ly
 S

tr
e

am
fl

o
w

 (c
fs

)

USGS 08181480 Model Reach 800 Rain

1

10

100

1,000

10,000

100,000

2007 2008 2009 2010 2011

E 
C

o
li 

(M
P

N
/d

L)

San Antonio River, Reach 460

17066 Model Screening



SARA Timeseries Utility Tool
• Enhanced efficiency in reading large timeseries records (e.g. HSPF 

binary output).

• Developed, tested, and released to public through EPA BASINS 
user community on 10/24/2013.

• Replaced WDMUtil

• Added GSSHA Converter in 2014



SARA Tools Suggested by National Experts
From: Tom Jobes [mailto:TJobes@sjrwmd.com] 
Sent: Monday, April 18, 2016 10:09 AM
To: Private list for BASINS users
Subject: RE:[basinsinfo] WdmUtil and Office 2016

Thanks for the reply, Laura. There is no special connection with Office products – it’s simply that the 
Office 2016 installation apparently breaks some system call used by WdmUtil, probably by updating a 
system DLL in a way that makes it incompatible with the old programs. Uninstalling and reinstalling 
WdmUtil etc. does not help. Virtual XP might be worth looking at as a temporary fix, though I do 
recommend for you (and my colleagues) to make the move to SARA and BASINS 4 in the long run.

Tom Jobes
Senior Engineer Scientist
Bureau of Watershed Management
St. Johns River Water Management District
P.O. Box 1429 ● Palatka, FL 32178-1429
Office: (386) 329-4463
Email: tjobes@sjrwmd.com
Website: www.sjrwmd.com
Connect with us: Newsletter, Facebook, Twitter, Instagram, YouTube, Pinterest

mailto:tjobes@sjrwmd.com
www.sjrwmd.com
http://www.sjrwmd.com/news
https://www.facebook.com/sjrwmd
http://www.twitter.com/sjrwmd
https://www.instagram.com/sjrwmd/
http://www.youtube.com/floridaswater
https://www.pinterest.com/SJRWMD/


SARA Landuse Adjustment Tool

• Process existing-condition HSPF model and future-condition 
GIS landuse data.

• Create future-condition HSPF model.



SARA Load Reduction Tool

Calibrated HSPF model UCI

User Specification

•Target Subbasins/Landuses for BMP

•Target constituents

• Concentration threshold

• Reduction Tolerance

• Maximum removal

• Target point source

Automatic Load Reduction

•From upstream to downstream 

subbasins

•Generate detailed report

• Uses load reduction factors in 

HSPF BMP Module.

• Automates tedious process for 

large watershed models.

• Compared to manual processes.

• Developed, tested, and released 

to public through EPA BASINS 

user community on 5/09/2014. 



SARA Enhanced BMP Tool

• Identify LID/BMPs to achieve needed load reductions.  

• Use LRT results or any calibrated HSPF models.  

• Combines robust land surface representation from HSPF 
with EPA SUSTAIN’s BMP capabilities.

• Avoids ArcGIS version issue inherent in SUSTAIN by using 
non-GIS component (SUSTAINOPT)



SARA BMP Tool Database



LID/BMP Removal Efficiencies
Fecal Coliform E. coli Pathogens Total P Total N Total Suspended Solids Organic Material Inorganic Material                    Temperature                      Trash                       Oil and Grease                        Metals                Organic Chemicals                       Hydrocarbons Organic Carbon (see note 11)ORG-N NH3-N NO3-N ORG P ORTHOP BOD Lead Zinc

% Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness                     % Effectiveness                     % Effectiveness                     % Effectiveness                      % Effectiveness                % Effectiveness                     % Effectiveness                     % Effectiveness % Effectiveness % Effectiveness % Effectiveness %Effectiveness %Effectiveness %Effectiveness %Effectiveness %Effectiveness

LID/BMPs From To From To From To From To From To From To From To From To From To From To From To From To From To From To From To From To From To From To From From To From To From To From To

STRUCTURAL

Bioretention Basin 70 70 70 70 50 50 -14.5 64.13 80 80 61 100 61 100 61 100 61 100 61 100 67 67 -25.13 18.67 -0.99 86 0 76 -100 69 -100 69 60 80 71.14 79.21 48.35 73.58

Bioswale -187 84 -100 -25 -100 99 8 99 18 99 46 67 69 69 9.85 15.72 -3.99 1.74 -78.78 8.84 -100 72 -100 72 11.4 11.4 10.61 31.35 -21.96 1.72

Catch Basin Insert (see Note 2) 50 50 5 10 5 10 10 97 31 60 31 60 0 30 0 30 -24 -24 -24 -24 10 10 5 10 5 10 -17 -17

Dry Pond 30 30 0 0 0.72 50 63 63 25 25 2.19 45.65 -11.52 46.8 -10 79 0 0 0 0 -25.24 34.67 -1.47 21.68 -19.04 20.71

Extended Detention Basin 0 0 78 78 20 94 0.72 50 46 98 61 100 31 60 31 60 31 60 2.19 45.65 -11.52 46.8 -4.06 43.2 -64 92 -64 92 -25.24 34.67 -1.47 21.68 -19.04 20.71

Green Roof 99.3 99.3 -839 -839 -62.958 -62.958 75.27 75.27 -487.8 -298 36 36 36 36 25 25 -1700 -1700 -1700 -1700 -444 -444

Infiltration Basin 75 98 65 100 50 80 50 80 50 80 61 100 61 100 61 100 61 100 61 100 70 90 34.37 64.62 43.19 73.17 -100 100 10 100 10 100 -14.32 71.82

Infiltration Trench 96 96 65 100 15 45 50 80 50 80 61 100 61 100 61 100 61 100 61 100 10 99 34.37 64.62 43.19 73.17 -100 100 10 100 10 100 -14.32 71.82

Media Filter 47 47 30 30 30 30 42 42 81 81 61 100 61 100 61 100 61 100 67 67

Porous Pavement/Permeable Pavement 71 71 20 78 -40 88 32 96 13 97 82 82 72 72 72 72 -100 100 10 100 10 100 -14.32 71.82

Rain Barrel/Cistern 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Sand Filter -70 54 30 30 27 80 -8.05 46.92 50 92 31 100 10 99 34.37 64.62 43.19 73.17 -122.04 -0.04 -37 78 -37 78 -14.32 71.82 47.62 84.54 34.89 83.85

Stormwater Wetland 85 85 55 97 48 48 -6.54 46 60 80 61 100 61 100 61 100 61 100 -31 93 5.9 5.9 26.27 26.27 -32.05 -32.05 -100 82 -100 82 15.72 15.72 37.94 37.94 36.74 36.74

Vegetative Filter Strip/Buffer Strip 0 0 30 30 -36 -36 17 17 64 64 31 60 31 60 61 100 61 100 31 60 10 99 6.92 18.68 -4 1.84 -78.37 7.41 -100 72 -100 72 20.89 40.26 10.61 31.35 -21.96 1.72

Vegetative Swale 0 0 30 30 15 45 -1.04 45 52 52 31 60 0 30 31 60 31 60 31 60 -100 99 6.92 18.68 -4 1.84 -78.37 7.41 -100 72 -100 72 20.89 40.26 10.61 31.35 -21.96 1.72

Vortex Separator 50 50 15 20 0 30 21 52 0 30 -223.62 -223.62 -223.62 -223.62 47.33 47.33 15 20 15 20 60 60 25.52 25.52 28.27 28.27

Wet Pond 64 99 30 30 43 43 -1.12 59.45 80 80 61 100 61 100 61 100 61 100 -30 90 -4.19 50.59 19.06 85.96 -4.69 81.83 -64 92 -64 92 -9.69 75.33 26.69 88.09 28.01 88.51

Wet Vault 30 30 30 30 -22.94 77.19 60 60 31 100 61 100 60 86 -4.19 50.59 19.06 85.96 -4.69 81.83 -64 92 -64 92 -9.69 75.33

NON-STRUCTURAL

Pet Waste Management (see Note 3) 2 6 5 5 18 18

Storm Sewer Maintenance 65 75 55 65

Street Sweeping Art 4X 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2

Street Sweeping Art 8X 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4

Street Sweeping Res 2X 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8

Street Sweeping Res 4X 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6 73.6

Street Sweeping CBD 363 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98

Street Sweeping CBD 182 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1



Development of CEVs



Running CEV Utility Tool



Running Enhanced BMP Tool



Running Enhanced BMP Tool



Running Enhanced BMP Tool



Running Enhanced BMP Tool



HSPF/SUSTAINOPT Linkage

unit loads (inches of water, units/ac of constituents) 
and areas per each landuse

SUSTAINOPT

HSPF

Total subbasin flows/loads computed from optimal 

set of landuse/BMP combinations

HSPF
Revised flows/loads input into reach routing 

simulation



Cost Effective Curves



Results



Required % Load Reduction in Catchments



Comparison of FWGM with SSO removal and BMP 
Application

Subbasin 
ID

Existing 
Conditions 
with SSO

Existing Conditions w/o 
SSO

No SSO with BMPs
Analysis

100 4,971 #/dL 4,711 #/dL (5%  ) 1,483 #/dL (70%   )

400 5,000 #/dL 3,833 #/dL (23%  ) 364  #/dL (93%   )

510 1,873 #/dL 953 #/dL (49%  ) 319 #/dL (83%   )
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Achievable Existing Conditions Standards under Dry-3 Conditions
(i.e. only 72 hours after a storm event)

With SSOs and No BMPs No SSOs and
100% BMP Deployment

Extreme best case condition 

With flow exclusion
73 #/dL
~70% of sub-basins
meeting standard 

With flow exclusion
22 #/dL
~95% of sub-basins
Meeting standard 

All flows
162 #/dL

All flows
50 #/dL



Achievable EC Levels with % BMP Deployment 
(Subbasin 90)

Log Pearson TYPE III Distribution Subbasin 90
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Probability of Exceedance - % BMP Deployment

Subbasin 90 (Olmos Creek)

% BMP 
Deployment

Concentration 
(#/dL) Cost

100% 29 $  12,710,000.00 

80% 87.8 $  10,168,000.00 

50% 153 $    6,355,000.00 

20% 253.6 $    2,542,000.00 

0% 711

126 

60%

~$7.6M 



Achievable EC Levels with % BMP Deployment
(Subbasin 430)
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Subbasin 430 (San Pedro Creek)

% BMP 
Deployment

Concentration 
(#/dL) Cost 

100 80 $33,236,000

50 112.8 $16,618,000

20 125.2 $6,647,200

0 155 $0
~$6.6M 

126 

20%



Annualized Cost and % BMP Deployment Required

• Dry-3 and No SSOs condition only

• Approximately 95% of the subbasins meeting 

standard under the above conditions



Conclusion and Next Steps



Concerns with Current Contact Recreation(CR) 
Standard

• CR criteria non attainable under all flow conditions for all water 
bodies; GM influenced beyond the CR standards due to stormwater
pulses. 

• Costly 303d delisting (TMDLs, I-Plan, etc.)

• Background bacteria levels are typically high in humid, warm, urban 
environments



SARA’s Recommendation for Application 
of WQ Standards to the Basin

• Need more epidemiological studies to better understand the health 
risks

• Use of sub-basin specific goals
• Criteria based on 

• Wet days – no CR criteria apply (not safe to swim!)

• 3 days following a wet day– noncontact recreation

• Dry-3 – Primary CR apply

• Subbasin level criteria
• % of the time meeting criteria will be subbasin specific

• Or, develop conditional basin attainment goals
• Like – “ 72 hours after a storm event, with a deployment of 30% BMPs, meet 

126 #/dL GM, in 90% of all sub-watersheds. 



Visit with EPA Athens Lab, GA
Oct. 2015

Stephen R. Kraemer, Ph.D, 

Research Hydrologist

US EPA National Exposure 

Research Laboratory

Ecosystems Research 

Division



Discussion with EPA

• EPA very pleased with the SARA Timeseries Utility Tool.  They looked very 
happy to see the quality of work produced.

• EPA seemed to agree to have a link on the BASINS website so users can follow 
the link to a SARA website to download the SARA tools 

• EPA would like to review more technical write-up on the SARA tools.

• EPA has been focusing on applying green infrastructure (GI) to rural/agricultural 
areas, but there is a push to also focus on urban areas. The SARA tools would 
be helpful in this area.

• EPA’s Cincinnati Lab has on-going projects on continuous development of 
SWMM, EPA expressed interest using parts of SA Basin to do a case study with 
HSPF and SWMM



EPA - Discussion on E-Coli levels

• EPA recognized that the 126 level was not attainable in many cases. They 
mentioned a health-risk based study was on-going and potentially another 
epidemiological study was likely on-going as well.

• EPA stated that any change in water quality standard needed to start from the 
state, so SARA should discuss the matter with TCEQ to start the 
process. SARA stated that bacteria delisting was a national issue especially 
for Texas and many other states with warmer climates. SARA mentioned that 
the 126 value was in the federal 1987 Clean Water Act. EPA recognized that 
it was based on one epidemiological study back then and its application to all 
water bodies instead of just swimming beaches might be an issue.



Discussions with Texas Commission on 
Environmental Quality (TCEQ) (Jan 24, 2017)

• It was generally acknowledged that the 126 #/dL criterion was not attainable 
under all conditions

• EPA will be reluctant to accept any proposed change without demonstration 
of health effect.

• TCEQ has tried the approach of different flow regimes but not successful

• EPA Review of 2010 Texas Surface Water Quality Standards

• SARA may want to check if other cities have success in attaining the 126 
criterion. EPA would use those as examples of what could work.



 

EPA's Office of Water Seeking Feedback on Reducing 
Regulatory Burden  

Dear Stakeholder, 

Consistent with Executive Order 13777, EPA is seeking public input on existing 
regulations that could be repealed, replaced or modified to make them less 
burdensome. 
As a part of this effort, we will be accepting written public comments through May 15, 
2017, at docket EPA-HQ-OA-2017-0190. In addition, EPA's Office of Water (OW) will 
host a public listening session to obtain additional feedback on water regulatory actions 
on Tuesday, May 2, 2017, from 11 a.m. to 2 p.m. EDT. Please visit: 
www.epa.gov/aboutepa/office-water-feedback-reducing-regulatory-burden or see below 
for details. 
 

Background 

On February 24, 2017, President Donald Trump issued Executive Order (EO) 13777 on 
Enforcing the Regulatory Reform Agenda. The EO establishes the, "policy of the United 
States to alleviate unnecessary regulatory burdens placed on the American people". 
Among other things, it requires each agency to create a Regulatory Reform Task Force 
to evaluate existing regulations and to identify regulations that could be repealed, 
replaced or modified to make them less burdensome. 
As part of implementing the EO, OW will be hosting a public listening session to solicit 
proposals for OW regulations that could be repealed, replaced, or modified to make 

them less burdensome. The focus of this listening session will be on water actions only. 





SARA Submitted a Response to EPA





E. Coli criteria for Classified surface water

Kansas surface water quality standards, Prepared by the Kansas Dept
of Health and Enviroment. June 21, 2015



• Conferences

• Newsletters

• Web access

https://www.sara-tx.org/flood-management/water-quality-modeling-tools/

Project Exposure

https://www.sara-tx.org/flood-management/water-quality-modeling-tools/


SARA Tools Gaining National Attention



American Council of Engineering Companies (ACEC)
National Recognition Award



Recent Developments and Next Steps

• Presentation to EPA and TCEQ

• Coordination with local entities for planning

• Follow-up meeting with TCEQ for further discussion on TSWQS revision

• Need more communities to deliver similar message to agencies
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Sheeba Thomas

sthomas@sara-tx.org, (210) 302 4290

Yu-Chun Su

YCSu@lan-inc.com, (713) 8210390

Paul Hummel

Paul.Hummel@respec.com, (404) 378 8337
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