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TMDL DEVELOPMENT PROCESSTMDL DEVELOPMENT PROCESS

WATERSHED HISTORYWATERSHED HISTORY
Characterize watershed and identify critical Characterize watershed and identify critical 
contamination conditionscontamination conditions

SOURCE ASSESSMENTSOURCE ASSESSMENT
Identify and quantify pollutant sourcesIdentify and quantify pollutant sources

MODELINGMODELING
Link pollutant sources to stream water qualityLink pollutant sources to stream water quality

ALLOCATIONALLOCATION
Develop and evaluate reduction scenarios Develop and evaluate reduction scenarios 



WATERSHED HISTORYWATERSHED HISTORY

LANDUSELANDUSE

ECOREGIONECOREGIONSOILSSOILS

ELEVATIONELEVATION



WATERSHED HISTORYWATERSHED HISTORY

TIMESERIESTIMESERIES

BACTERIA VS. FLOWBACTERIA VS. FLOW

SEASONALITYSEASONALITY



SOURCE ASSESSMENTSOURCE ASSESSMENT

DucksDucks

PoultryPoultry

BearsBears

GeeseGeese

TurkeysTurkeys

BeaversBeavers

MuskratsMuskrats

RaccoonsRaccoons

DeerDeer

WildlifeWildlife

SheepSheep

HorsesHorses

Dairy & Beef CattleDairy & Beef Cattle

AgriculturalAgricultural

Dogs / CatsDogs / Cats

Biosolids ApplicationsBiosolids Applications

Failing Septic SystemsFailing Septic Systems

Straight PipesStraight Pipes

Permitted DischargesPermitted Discharges

Human and PetsHuman and Pets

Source / Animal TypeSource / Animal TypeSource CategorySource Category



MODELINGMODELING
Link pollutant sources to stream water qualityLink pollutant sources to stream water quality
Mathematically represent processes that are Mathematically represent processes that are 
occurring in the watershedoccurring in the watershed
ProcessesProcesses

Hydrology Hydrology –– water balancewater balance
Water quality Water quality -- pollutant fate and transportpollutant fate and transport

Accuracy EvaluationAccuracy Evaluation
Based on observed dataBased on observed data

Flow: USGS gauge = model outputFlow: USGS gauge = model output
Bacteria: VADEQ station = model outputBacteria: VADEQ station = model output



MODELING MODELING 
Legend
po Precipitation Stations

#  USGS Stations

!C VADEQ Stations

Impaired Streams

Water

Streams

Subwatersheds

Lower Rapidan River Model

Robinson R.

URR



MODELINGMODELING
Legend
po Precipitation Stations

#  USGS Stations

!C VADEQ Stations

Impaired Streams

Water

Streams

Subwatersheds

Hazel River

Rappahannock River Model



HYDROLOGIC CALIBRATIONHYDROLOGIC CALIBRATION

Hydrograph shapeHydrograph shape
Flow duration / cumulative frequency curveFlow duration / cumulative frequency curve
Flow partitionFlow partition
Summary statisticsSummary statistics



RAPPAHANNOCK RIVER HYDROLOGY RAPPAHANNOCK RIVER HYDROLOGY 
CALIBRATION RESULTSCALIBRATION RESULTS



RAPPAHANNOCK RIVER HYDROLOGY RAPPAHANNOCK RIVER HYDROLOGY 
CALIBRATION RESULTSCALIBRATION RESULTS



RAPPAHANNOCK RIVER HYDROLOGY RAPPAHANNOCK RIVER HYDROLOGY 
CALIBRATION RESULTSCALIBRATION RESULTS

59594646BaseflowBaseflow

19191515InterflowInterflow

22221717Surface runoffSurface runoff

VolumeVolume
(%)(%)

VolumeVolume
(in)(in)Flow PathwayFlow Pathway



RAPPAHANNOCK RIVER RAPPAHANNOCK RIVER 
HYDROLOGY CALIBRATION RESULTSHYDROLOGY CALIBRATION RESULTS

0.830.83Coefficient of Determination, rCoefficient of Determination, r22

--1.9%1.9%20%20%86.186.187.787.7Total Storm Runoff (in)Total Storm Runoff (in)

2.6%2.6%20%20%11.411.411.111.1Total Summer Runoff (in)Total Summer Runoff (in)

4.7%4.7%20%20%38.138.136.336.3Total Winter Runoff (in)Total Winter Runoff (in)

8.5%8.5%10%10%13.013.011.911.9Total of Lowest 50% Flows (in)Total of Lowest 50% Flows (in)

--2.3%2.3%15%15%39.439.440.340.3Total of Highest 10% Flows (in)Total of Highest 10% Flows (in)

--0.7%0.7%10%10%90.190.190.790.7Total Runoff (in)Total Runoff (in)

Calculated Calculated 
ErrorErrorCriterionCriterionModeledModeledObservedObserved

Period: 10/1/90 Period: 10/1/90 –– 9/30/959/30/95



WATER QUALITY CALIBRATIONWATER QUALITY CALIBRATION

Qualitative Qualitative -- visual inspectionvisual inspection
Hourly bacteria concentration from model Hourly bacteria concentration from model 
versus grab sample collected by VADEQversus grab sample collected by VADEQ

Quantitative comparisonQuantitative comparison
Geometric meanGeometric mean
Water quality standard exceedance rateWater quality standard exceedance rate



MARSH RUN WQ CALIBRATIONMARSH RUN WQ CALIBRATION
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MARSH RUN WQ CALIBRATIONMARSH RUN WQ CALIBRATION

5353

5353

2424

3535

541541

599599

CalibrationCalibration

Fecal coliform instantaneous water quality Fecal coliform instantaneous water quality 
standard (400 cfu/100mL) exceedance rate of standard (400 cfu/100mL) exceedance rate of 
modeled values (%)modeled values (%)

Fecal coliform instantaneous water quality Fecal coliform instantaneous water quality 
standard (400 cfu/100mL) exceedance rate of standard (400 cfu/100mL) exceedance rate of 
VADEQ values (%)VADEQ values (%)

Fecal coliform instantaneous water quality Fecal coliform instantaneous water quality 
standard (1,000 cfu/100mL) exceedance rate of standard (1,000 cfu/100mL) exceedance rate of 
modeled values (%)modeled values (%)

Fecal coliform instantaneous water quality Fecal coliform instantaneous water quality 
standard (1,000 cfu/100mL) exceedance rate of standard (1,000 cfu/100mL) exceedance rate of 
VADEQ values (%)VADEQ values (%)

Geometric mean of modeled values (cfu/100mL)Geometric mean of modeled values (cfu/100mL)

Geometric mean of VADEQ values (cfu/100mL)Geometric mean of VADEQ values (cfu/100mL)

ParameterParameter



ALLOCATIONALLOCATION
Calculate design loads for point sources and Calculate design loads for point sources and 
existing loads for nonexisting loads for non--point sourcespoint sources
Create load reductions scenarios controlling Create load reductions scenarios controlling 
anthropogenic sources firstanthropogenic sources first
Run model with scenariosRun model with scenarios
Calculate geometric mean and instantaneous water Calculate geometric mean and instantaneous water 
quality standard (WQS) exceedance ratequality standard (WQS) exceedance rate
Select scenario with 0% geometric mean and Select scenario with 0% geometric mean and 
instantaneous water quality WQS exceedance rateinstantaneous water quality WQS exceedance rate



BROWNS RUN ALLOCATIONBROWNS RUN ALLOCATION

Design 
Flow

Existing 
Condition 

Load
(MGD) (cfu/yr)

Colonial Pipeline - Remington VA0051675 0.001 0.00E+00
Residence VAG406119 0.001 1.69E+09
Residence VAG406232 0.001 1.69E+09
Residence VAG406145 0.001 1.69E+09
Residence VAG406312 0.001 1.69E+09

Permit #Point Source



BROWNS RUN ALLOCATIONBROWNS RUN ALLOCATION

8.96E+158.96E+15TotalTotal
5.99E+135.99E+13ForestForest
8.59E+158.59E+15PasturePasture
3.13E+133.13E+13CroplandCropland
2.78E+142.78E+14ResidentialResidential

LandLand--basedbased
2.86E+132.86E+13TotalTotal
1.52E+131.52E+13WildlifeWildlife
8.84E+128.84E+12LivestockLivestock
4.49E+124.49E+12Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Existing Condition Existing Condition 
LoadLoad

(cfu/yr)(cfu/yr)
NonNon--point Sourcepoint Source



BROWNS RUN ALLOCATIONBROWNS RUN ALLOCATION

Straight 
Pipes Residential Livestock 

DD Cropland Pasture Wildlife 
DD Forest GM SSM

0 0 0 0 0 0 0 0 5.0 20.2
1 100 0 100 0 0 0 0 0.0 19.4
2 100 75 100 75 75 0 0 0.0 7.9
3 100 90 100 90 90 0 0 0.0 3.2
4 100 96 100 96 96 0 0 0.0 0.0
5 100 96 96 96 96 0 0 0.0 0.0

Scenario 
Number

Percent Reduction in Fecal Coliform Loading from Existing Conditions % Violations of 
E. coli  Standard



BROWNS RUN ALLOCATIONBROWNS RUN ALLOCATION

Existing 
Condition 

Load

Loading 
Reduction

Allocation 
Condition 

Load
(cfu/yr) (%) (cfu/yr)

Colonial Pipeline - Remington VA0051675 0.00E+00 0 0.00E+00
Residence VAG406119 1.69E+09 0 1.69E+09
Residence VAG406232 1.69E+09 0 1.69E+09
Residence VAG406145 1.69E+09 0 1.69E+09
Residence VAG406312 1.69E+09 0 1.69E+09

Permit #Facility Name



BROWNS RUN ALLOCATIONBROWNS RUN ALLOCATION

8.96E+158.96E+15TotalTotal

5.99E+135.99E+13ForestForest
8.59E+158.59E+15PasturePasture
3.13E+133.13E+13CroplandCropland
2.78E+142.78E+14ResidentialResidential

LandLand--basedbased

2.86E+132.86E+13TotalTotal
1.52E+131.52E+13WildlifeWildlife
8.84E+128.84E+12LivestockLivestock

4.49E+124.49E+12Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Existing Existing 
Condition Condition 

LoadLoad
(cfu/yr)(cfu/yr)

NonNon--point            point            
SourceSource

00
9696

9696

9696

00

9696

100100

Scenario 5 Scenario 5 
ReductionReduction

(%)(%)

4.16E+144.16E+14TotalTotal

5.99E+135.99E+13ForestForest
3.44E+143.44E+14PasturePasture
1.25E+121.25E+12CroplandCropland
1.11E+131.11E+13ResidentialResidential

LandLand--basedbased
1.56E+131.56E+13TotalTotal
1.52E+131.52E+13WildlifeWildlife
3.54E+113.54E+11LivestockLivestock
0.00E+000.00E+00Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Allocation Allocation 
Condition Condition 

LoadLoad
(cfu/yr)(cfu/yr)

NonNon--point point 
SourceSource

X =



BROWNS RUN EXISTING CONDITIONSBROWNS RUN EXISTING CONDITIONS
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BROWNS RUN ALLOCATION CONDITIONSBROWNS RUN ALLOCATION CONDITIONS
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ALLOCATION REDUCTIONSALLOCATION REDUCTIONS

00989898989898009898100100
Cedar Run          Cedar Run          
(VAN(VAN--E16RE16R--01)01)

00999999999999009999100100

Rappahannock Rappahannock 
River River 
(60081)(60081)

00979797979797009797100100
Craig Run               Craig Run               
(VAN(VAN--E08RE08R--03)03)

00969696969696009696100100
Browns Run           Browns Run           
(VAN(VAN--E08RE08R--02)02)

00979797979797009797100100
Marsh Run             Marsh Run             
(VAN(VAN--E08RE08R--01)01)

00979797979797009797100100

Rappahannock Rappahannock 
River River 
(VAN(VAN--E08RE08R--04)04)

00969696969696009696100100
Rapidan River     Rapidan River     
(VAN(VAN--E18RE18R--01)01)

ForestForestPasturePastureCroplandCroplandResidentialResidential
Wildlife Wildlife 

DDDD
Livestock Livestock 

DDDD
Straight Straight 
PipesPipes

Percent Reduction in Fecal Coliform Loading from Existing ConditPercent Reduction in Fecal Coliform Loading from Existing Conditionsions

ImpairmentImpairment



IMPLEMENTATION PLAN IMPLEMENTATION PLAN 
DEVELOPMENTDEVELOPMENT

Next phase of TMDL process after USEPA Next phase of TMDL process after USEPA 
TMDL approvalTMDL approval
Outlines plan to link load reductions specified Outlines plan to link load reductions specified 
in TMDL Development Study to corrective in TMDL Development Study to corrective 
actions (e.g., actions (e.g., BMPsBMPs))
Project schedule governed by criteria Project schedule governed by criteria 
outlined by VADCRoutlined by VADCR



TMDL IMPLEMENTATIONTMDL IMPLEMENTATION

Stage I: Stage I: 
Attain water quality standard enabling delisting of Attain water quality standard enabling delisting of 
streams from Section 303(d) List of Impaired streams from Section 303(d) List of Impaired 
WatersWaters

Stage II: Stage II: 
Attainment of TMDL source load allocations Attainment of TMDL source load allocations 
required under WQMIRA and USEPA to receive required under WQMIRA and USEPA to receive 
Section 319 grant funds to fun implementationSection 319 grant funds to fun implementation



STAGE 1 IMPLEMENTATIONSTAGE 1 IMPLEMENTATION
Calculate design loads for point sources and Calculate design loads for point sources and 
existing loads for nonexisting loads for non--point sourcespoint sources
Create load reductions scenarios controlling Create load reductions scenarios controlling 
anthropogenic sources onlyanthropogenic sources only

Goal: 0% reduction in wildlife DD and forest land useGoal: 0% reduction in wildlife DD and forest land use

Run model with scenariosRun model with scenarios
Calculate instantaneous WQS exceedance rateCalculate instantaneous WQS exceedance rate
Select scenario with less than 10% instantaneous Select scenario with less than 10% instantaneous 
WQS exceedance rateWQS exceedance rate



STAGE 1 REDUCTIONSSTAGE 1 REDUCTIONS

00898989898989008989100100
Cedar Run          Cedar Run          
(VAN(VAN--E16RE16R--01)01)

00909090909090009090100100
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00818181818181008181100100
Craig Run               Craig Run               
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00676767676767007575100100
Browns Run           Browns Run           
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00909090909090009090100100
Marsh Run             Marsh Run             
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00484848484848007575100100

Rappahannock Rappahannock 
River          River          
(VAN(VAN--E08RE08R--04)04)

00464646464646007575100100
Rapidan River     Rapidan River     
(VAN(VAN--E18RE18R--01)01)

ForestForestPasturePastureCroplandCroplandResidentialResidential
Wildlife Wildlife 

DDDD
Livestock Livestock 

DDDD
Straight Straight 
PipesPipes

Percent Reduction in Fecal Coliform Loading from Existing ConditPercent Reduction in Fecal Coliform Loading from Existing Conditionsions

ImpairmentImpairment



FOR INFORMATION, CONTACT:FOR INFORMATION, CONTACT:

Katie ConawayKatie Conaway
VADEQ Northern Virginia Regional OfficeVADEQ Northern Virginia Regional Office
(703) 583(703) 583––38043804
mkconaway@deq.virginia.govmkconaway@deq.virginia.gov

Chris ContiChris Conti
RappahannockRappahannock--Rapidan Regional  CommissionRapidan Regional  Commission
(540) 829(540) 829––74507450
clconti@rrregion.orgclconti@rrregion.org

Byron PetrauskasByron Petrauskas
Engineering Concepts, Inc.Engineering Concepts, Inc.
(540) 473(540) 473––12531253
bpetrauskas@engineeringconcepts.combpetrauskas@engineeringconcepts.com


