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3Objective and Outline

Objective 
Present an overview of TMDL implementation planning        
in Virginia using a case-study watershed.

Introduction to TMDL implementation planning in Virginia 
Review of Opequon Creek TMDL studies  
Implementation Plan Development

Public participation
Quantifying corrective measures
Implementation milestones
Progress to date



4You’ve got a TMDL, so what?

As currently (1992) specified in Section 303d of the Clean Water Act…

TMDL development is a planning exercise only, TMDL 
implementation is not required.

However, in Virginia…
Water Quality Monitoring, Information, and Restoration Act  
(WQMIRA) passed in 1997 requires development of TMDL 
Implementation Plans (IPs)

“The [Water Quality Control] Board shall develop and implement 
a plan to achieve fully supporting status for impaired waters.”

TMDLs are pollutant-specific, but IPs are not necessarily pollutant- or 
waterbody-specific



5
TMDL Implementation Planning

Implementation Guidance Manual

Document that details actions 
or strategies that must be 
undertaken to achieve load 
reductions to ensure that water 
quality standards are met

http://www.deq.state.va.us/tmdl/implans/ipguide.pdf



6TMDL Process
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Graphic adapted from Dr. Robert Brent, Virginia DEQ



7Opequon Creek Case Study



8Opequon Creek Impairments

Bacteria
Bacteria and Biological



Bacteria Impairment

Impaired Segment 
Lengths (mi.)

Abrams Creek:    10.80
Upper Opequon: 24.88
Lower Opequon:   8.82

Violated bacteria 
standard 11% of timeViolated bacteria 

standard 26% of time

Violated bacteria 
standard 24% of time

Violated bacteria 
standard 13% of time

More than 10% of the time, the stream is not meeting the State’s bacteria standard 
for primary contact recreation
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RPB II Assessment

Severe

Moderate

Slight

Non-impaired

Severe

Moderate

Slight

Non-impaired
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Abrams Creek

Lower Opequon  Creek



11Biological Impairment
Sediment was determined to be the most likely stressor causing the 

biological impairment. Impaired streams do not support a diverse, balanced, 

and healthy assemblage of living things (evidenced primarily by benthic 

macroinvertebrate community).  TMDL developed using Reference 

Watershed  approach.



12TMDL Studies

Completed in 2004
Provided information on: 

Landuses in the area

Sources of bacteria and 
sediment in the watershed

Reductions in those sources 
necessary to meet water 
quality standards

www.tmdl.bse.vt.edu



Lower 
Opequon

Abrams 
Creek

Upper 
Opequon

36,905

14%

48%

33%

5%

Upper 
Opequon

Acreage

Urban

Pasture

Forest

Cropland

40,58912,285

9%50%

55%21%

30%22%

6%6%

Lower 
Opequon

Abrams 
Creek

Major Land Uses
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14Estimating Future Land Use Changes

FREDERICK

CLARKE

Upper Opequon Creek

Lower Opequon Remnant

Abrams Creek

Opequon Creek Watershed
Urban Development Areas
Commercial Centers
City/County Boundaries
Opequon Creek
Watershed Analysis Areas

Land Use Category
Forest 

(%)
Urban 

(%)
Agriculture 

(%)
% 

Build-Out

18.637.743.6Future 
100%

22.627.350.0Future 
50%

24.622.153.3Future   
25%

26.616.956.5Existing  
0%



15Sources of Bacteria

Cattle in stream

Wildlife in stream

Runoff from cropland, pasture, residential

Runoff from urban areas

Point sources

Upstream loadings

Upper
Opequon Abrams

Lower
Opequon



16Sources of Sediment
Abrams

Lower
Opequon

Cropland Pasture Urban Forest
Construction Point Sources Channel Erosion



17Summary of TMDL studies

Bacteria loads from urban and residential areas must 
be reduced 

Nearly all livestock must be excluded from streams

Bacteria from pasture and cropland must be reduced

All straight pipes in the area need to be eliminated

Failing septic systems must be repaired/replaced

Sediment loads from urban areas and channel 
erosion must be reduced



18Required Bacteria Load Reductions (%)

01000
Wildlife in-stream
(Direct Deposit)

809096Impervious Land Uses

90

100

Upper 
Opequon

Residential Pervious 
Land Uses

Cattle in-stream 
(Direct Deposit)

Source

8096

030

Lower 
OpequonAbrams Creek



19Required Sediment Reductions (%)

00Point Sources

1722Total

1525Municipal Storm 
Sewer System (MS4)

35

15

15

Lower Opequon Creek

Channel Erosion

Urban Areas

Agricultural Areas

Source

55

25

10

Abrams Creek
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TMDL Implementation Plan Outline
1. Executive Summary
2. Introduction
3. State and Federal Requirements for TMDL Implementation Plans 
4. Review of the TMDL Study 
5. Public Participation 
6. Implementation Actions 
7. Measurable Goals and Milestones
8. Stakeholders Roles and Responsibilities 
9. Integration with Other Watershed Plans 
10. Potential Funding Sources
11. References

Appendix A – Working Group Reports and Meeting Summaries
Appendix B – Additional Implementation Actions Suggested by 

Working Groups
Appendix C – Glossary



21Public Participation

Public Meetings
Informational 
Solicit public participation
Provide a forum for public 
comment

Steering Committee
Direct the overall process
Review output from 
Working Groups
Coordinate transition to 
implementation

Working Groups
Address “community” 
issues/concerns



22Public participation 

OPEQUON CREEK
TMDL IMPLEMENTATION

PLAN

Steering
Committee

Rural Areas
Working Group

Urban Areas
Working Group

Resource 
Team



23TMDL IP Development Timeline

Complete Draft of Implementation PlanApril 2006

Final Public MeetingMay 10, 2006

Plan approval by EPA and State Water Control BoardJuly 2006

Steering Committee MeetingApril 21, 2006

Steering Committee MeetingJanuary 24, 2006

Steering Committee MeetingNovember 15, 2005

Steering Committee MeetingSeptember 15, 2005

Working Groups meetingAugust 4, 2005

Working Groups meetingJuly 7, 2005

First Public MeetingJune 13, 2005

Steering Committee MeetingMay 11, 2005

Initial interest meeting for stakeholdersMarch 22, 2005



24Needs Assessment

Identification of practices
Stakeholder input
Implementation matrix

Quantification of practices
Spatial Analysis

GIS
BMP Database
Modeling –
HSPF and GWLF

Technical Assistance and 
Education/Outreach



Prioritize Corrective Actions –
Implementation Matrix
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Corrective Actions Categorized
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27Residential Practices

Replace ALL straight pipes
Repair/replace failing septic 
systems

How?
Connection of Septic System to 
Sewer Line (RB-2)
Septic System Repair (RB-3)
Septic System Installation/ 
Replacement (RB-4)
Alternative Waste Treatment 
Systems (RB-5)



Bioretention

Underdrain Stone Layer Sand Layer

Engineered Soil Plants & Mulch



29Agricultural Practices

Grazing Land 
Protection Systems 
(SL-6)

Rotational grazing
Off-stream water source
Stream exclusion fencing

Stream Protection 
Fence (WP-2T)
Pasture Land 
Management

Photos: Virginia Department of Conservation and Recreation



30Quantification of Agricultural Practices

1,866

0

1,866

0

Cover 
crop

(acres)

1105,79010,323000Lower 
Opequon

218,04932,20832,20822Total

17,72632,20832,20822Upper 
Opequon

000000Abrams

Loafing lot 
management

(no.)

Rural 
riparian 
buffer 
zones 

(linear ft)

Pasture 
management

(acres)

WP-2D 
fencing 

maintenance 
(linear ft)

WP-2T 
fencing

(linear ft)

No. of 
SL-6 

systemsWatershed
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Quantification of Residential/ 
Urban Practices

1105,790110372Lower 
Opequon

1169,07011
2,289

(2,863)
766Total

127,30011
637

(797)
350Upper 

Opequon

135,98011
1,652

(2,066)
44Abrams

Improved 
erosion and 

sediment 
control 

efficiency

Riparian 
buffer 
zones 

(linear ft)

Goose 
waste 

clean-up

Pet waste 
education 
program

Acres treated by 
infiltration 

basins
(rain gardens)

Septic 
systems 
repaired/ 
replacedWatershed



Cost Estimates- Agricultural

250,00050,0005Staff years

100,00050,0002Loafing lot management (no.)

3,066,923Total

50,382271,866Cover crop (acres)

63,75075085Rural riparian buffer zones (acres)

1,534,1658518,049Pasture management (acres)

16,1040.5032,208WP-2T fencing maintenance (linear ft)

112,7283.5032,208WP-2T fencing (linear ft)

939,7941755,282SL-6 grazing land protection (linear ft)

Total cost ($)Average cost ($)/unit
Estimated 

units neededPractice
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Cost Estimates- Urban/Residential

2,200,00050,00044 (4 for 11 
years)Staff years

40,669,150
(62,514,127)

Total

Included next lineIncluded next lineStaff memberImproved erosion and sediment 
control efficiency

38,25075051Urban buffer zones (acres)

15,00015,0001Goose waste clean-up sweeper

42,0203,820Annual materials 
(11years)Pet waste education program

33,236,280
(55,081,257)

14,520
(19,239)

2,289
(2,863)

Acres treated by infiltration basins 
(rain gardens)

5,137,6006,707766Septic systems repaired/ replaced

Total cost ($)Average cost ($)/unit
Estimated units 

neededPractice
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34Assessing Benefits of Implementation

Contingent valuation survey asked 
stakeholders about

use of and knowledge about creeks, 
local environmental quality, 
benefits that would accrue from cleaning up creeks, 
willingness to implement various BMPs with or 
without cost share program support (riparian 
landowners), and
trust in various institutions acting in the sphere of 
water quality protection. 



35Assessing Benefits of Implementation cont.

Contingent valuation survey 
allowed for stakeholder participation beyond 
working groups and steering committee, 

permitted estimation of stakeholders willingness      
-to-pay for water quality improvement, and

provided an outlet for additional WQ issues not 
necessarily related to TMDLs,

The results from the contingent valuation survey  
are useful to stakeholders as well as policy makers 



Implementation Milestones –
Residential/Urban

11111AbramsE&S 
inspectorEnhanced E&S efficiency

11111Allsweeper/ 
vacuum

Geese and duck waste 
clean-up

11111AllprogramPet waste education 
program

637
(797)

213
(265)

212
(266)

212
(266)

0
(0)

Upper 
Opequon

1,652
(2,066)

501
(627)

501
(627)

501
(627)

149
(186)Abramsacres 

treatedInfiltration basin/trench
(Rain garden/bioretention)

3721241245074Lower 
Opequon

350755050175Upper 
Opequon 

442410100Abrams

systemRepair/replace failing 
septic systems

Units implemented or impacted(#)

Total10-118-96-7
1-5

(Phase 1)

Years

WatershedUnitAction
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37Implementation Milestones - Agricultural

32,2087,8957,8957,8958,253Upper 
Opequonlinear ftWP-2D (maintenance)

32,2087,8957,8957,8958,253Upper 
Opequonlinear ftWP-2T (fencing)

55,28013,82013,82013,82013,820Upper 
Opequonlinear ftSL-6 Grazing Land 

Protection

10,32300010,323Lower 
Opequon

78090007809Upper 
Opequon

acresPasture management

10001Lower 
Opequon

10001Upper 
Opequon

systemLoafing lot management

Units implemented or impacted (#)

Total10-118-96-7
1-5

(Stage 1)

Years

WatershedUnitAction
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Water Quality Milestones

Milestone 1: Less than 10.5% violations of the instantaneous E. coli
bacteria criterion (235/100 mL) at each watershed 
outlet and meet sediment TMDL- achieved in 5 years

Milestone 2: 0% violations of the instantaneous E. coli bacteria 
criterion (235/100 mL) at each watershed outlet –
achieved in 11 years

>17%>22%30200011 years

>17%>22%93103915 years

0012na14na22naExisting

InstGeoInstGeoInstGeo

Lower OpequonAbramsLower OpequonUpper OpequonAbrams

Sediment Reduction (%)% Violations of Bacteria Standard
Water Quality Milestones

Time



39Progress to date

Established Opequon Creek TMDL Implementation 
Action Team

State NPS oversight agency has allocated section 
319 funds to watershed for agricultural BMP 
implementation

Virginia Tech, West Virginia University and local 
partners obtained EPA targeted watershed grant that 
builds on implementation planning efforts
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