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TMDL ElementsTMDL Elements

•• Problem StatementProblem Statement
•• Numeric TargetsNumeric Targets
•• Source AnalysisSource Analysis
•• Linkage AnalysisLinkage Analysis
•• AllocationsAllocations
•• ImplementationImplementation
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CONCEPTUAL CONCEPTUAL 
MODELMODEL

Mercury Behavior in the Mercury Behavior in the 
Guadalupe River WatershedGuadalupe River Watershed

Scientific Basis of the TMDLScientific Basis of the TMDL
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Initial Project PhasesInitial Project Phases

•• ““Synoptic SurveySynoptic Survey””
(Dry Season Sampling)(Dry Season Sampling)
30 water samples30 water samples
15 sediment samples15 sediment samples

•• Draft Conceptual ModelDraft Conceptual Model
Testable hypothesesTestable hypotheses
Write Sampling PlanWrite Sampling Plan
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Major Sampling PhasesMajor Sampling Phases

•• Wet Season SamplingWet Season Sampling
105 water samples105 water samples
30 sediment samples30 sediment samples

•• Dry Season SamplingDry Season Sampling
60 water samples (2 reservoirs)60 water samples (2 reservoirs)
300  fish (40300  fish (40--cm, 8cm, 8--cm, 5cm, 5--cm)cm)
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Major ReportsMajor Reports

•• Data Collection ReportData Collection Report

•• Final Conceptual Model ReportFinal Conceptual Model Report
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TMDL ElementsTMDL Elements
in Conceptual Modelin Conceptual Model

Problem StatementProblem Statement

•• Source AnalysisSource Analysis
•• Linkage AnalysisLinkage Analysis

Main environmental Main environmental 
concern: concern: ““fishablefishable””

Is it safe for humans Is it safe for humans 
and wildlife to and wildlife to 

consume the fish?consume the fish?
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Citation: Figure 3-25 

Final Conceptual Model 
Report (Tetra Tech 2005c) 

Problem: Problem: 
Mercury Mercury 

Contaminated Contaminated 
FishFish

GuadalupeGuadalupe Reservoir: Reservoir: 
6 ppm average 6 ppm average 

in 40 cm in 40 cm 
Largemouth bassLargemouth bass



1111

TMDL ElementsTMDL Elements
in Conceptual Modelin Conceptual Model

•• Problem StatementProblem Statement
Source AnalysisSource Analysis

•• Linkage AnalysisLinkage Analysis
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Four Four 
SourcesSources

•• Mining WasteMining Waste
•• Urban RunoffUrban Runoff
•• Atmospheric Atmospheric 

DepositionDeposition
•• Natural Hg Natural Hg 

in soilin soil
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TMDL ElementsTMDL Elements
in Conceptual Modelin Conceptual Model

•Problem Statement
•Source Analysis

Linkage Analysis

Sources 
(Inorganic Mercury)

Linked
Targets 

(Bioaccumulation of 
Organic (methyl) 

Mercury)
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Linkage Between Sources, Linkage Between Sources, 
Methylmercury, and Targets Methylmercury, and Targets 
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Food Chain Biomagnification Food Chain Biomagnification 
of MeHgof MeHg
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Lower [Lower [Hg]Hg]sedsed Lower [Lower [Hg]Hg]fishfish
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Final Conceptual Model 
Report (Tetra Tech 2005c) 
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Seasonal Hypolimnion MeHg

y = 0.0169x - 642.62
R2 = 0.7667
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TMDL ElementsTMDL Elements

•• Problem StatementProblem Statement

Numeric Numeric 
TargetsTargets

•• Source AnalysisSource Analysis
•• Linkage AnalysisLinkage Analysis
•• AllocationsAllocations
•• ImplementationImplementation

Numeric Targets = Numeric Targets = 
Goals or Goals or 
endpoints which endpoints which 
equate to equate to 
attainment of attainment of 
Water Quality Water Quality 
Standards Standards 
= = ““FishableFishable””
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Wildlife TargetsWildlife Targets

TL3 FishTL3 Fish
50 50 –– 150 mm150 mm

TL3 FishTL3 Fish
150 150 –– 350 mm350 mm

0.05 ppm0.05 ppm 0.10 ppm0.10 ppm

USFWS calculationUSFWS calculation
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Human Health TargetsHuman Health Targets

Typical Size and Typical Size and 
SpeciesSpecies of Fish of Fish 

ConsumedConsumed

Equivalent inEquivalent in
TL4 Fish TL4 Fish 
(40 cm (40 cm 

Largemouth Largemouth 
bass)bass)

0.3 ppm0.3 ppm

USEPA MeHg criterionUSEPA MeHg criterion

0.6 ppm0.6 ppm
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Target = Target = BW x DoseBW x Dose
ConsumptionConsumption

BW = Body WeightBW = Body Weight
Dose = Safe Dose of MeHgDose = Safe Dose of MeHg
Consumption = Fish Intake at Consumption = Fish Intake at 

Trophic LevelTrophic Level
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TMDL ElementsTMDL Elements

•• Problem StatementProblem Statement
•• Numeric TargetsNumeric Targets
•• Source AnalysisSource Analysis
•• Linkage AnalysisLinkage Analysis

AllocationsAllocations
•• ImplementationImplementation

TMDL = total allowed TMDL = total allowed 
pollutant amountpollutant amount

TMDL = combination TMDL = combination 
of the allocations to of the allocations to 
point and nonpoint and non--point point 
sourcessources
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Impoundment & Mining AllocationsImpoundment & Mining Allocations

Based on Fish in Reference Reservoir meet Based on Fish in Reference Reservoir meet 
Targets (Targets (““FishableFishable””))

4040--cm Largemouth bass: cm Largemouth bass: 
0.6 ppm < 0.66 ppm TL4 human health target0.6 ppm < 0.66 ppm TL4 human health target

AgeAge--1 Largemouth bass: 1 Largemouth bass: 
0.09 ppm @ 89 mm length equals 0.09 ppm @ 89 mm length equals 
0.045 in TL3 < 0.05 ppm wildlife target0.045 in TL3 < 0.05 ppm wildlife target
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Standardized 40 cm
Largemouth Bass in Bay Area 
Waterbodies (mg/kg wet wt)
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Allocation: Hypolimnion MeHg

y = 0.0169x - 642.62
R2 = 0.7667
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Downstream ImplicationsDownstream Implications
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Mining Waste Allocation Mining Waste Allocation 
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TMDL ElementsTMDL Elements

•• Problem StatementProblem Statement
•• Numeric TargetsNumeric Targets
•• Source AnalysisSource Analysis
•• Linkage AnalysisLinkage Analysis
•• AllocationsAllocations

ImplementationImplementation
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Start in Headwaters: Start in Headwaters: 
New AlmadenNew Almaden

0.1 ppm 0.1 ppm mercury mercury 
in in erodableerodable soil finessoil fines
transportedtransported in runoffin runoff

BMPsBMPs for erosion control for erosion control 
w/in 10 yrsw/in 10 yrs
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Impoundment MeHg Impoundment MeHg 
ProductionProduction

Thermal stratification (natural, good)

Low DO in Low DO in 
hypolimnionhypolimnion

SRB produce HS-

which dissolves mining waste

SRB produce MeHg
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Is Oxygen the Is Oxygen the 
Solution to MeHg?Solution to MeHg?

Thermal stratification (natural, good)

oxygenatedoxygenated
hypolimnion
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SummarySummary

Figure SFigure S--1 Solving the Mercury Problem1 Solving the Mercury Problem

Citation: figure prepared by Tetra TechCitation: figure prepared by Tetra Tech
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