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Ohio EPA Groveport Field Office – March 14, 2014 
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 Review basics…introduction…identify issues for April 
meeting 

 Today… 
 Critical Design Flow Condition 

 TMDL Allocation Methods 

 Water Quality Models Used 

 Reasonable Assurance in TMDLs 
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 The set of environmental conditions that represent: 
 The worst-case impairment situation 

 Has a corresponding low frequency of occurrence 

 Multiple or single critical conditions could be defined 
 Single –  

 one flow regime (e.g., 7Q10), or  

 one season (e.g., summer) 

 Multiple – various flow regimes and seasons 

 The TMDL critical condition is the period of 
applicability of the load allocation. 
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 Corresponds to applicable water quality criterion 

 Must consider… 
 Averaging period 

 Time period of applicability 
 …alternatively flow regime of applicability 

 TMDL critical condition 

 All flows equal to and greater then design flow 

 Magnitude  
 Encompasses…duration of the flow event and frequency of 

re-occurrence 
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Lust Ltrib Leff Lsub Lbio Ldst 

Lust Leff Ldst 
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…for entire stream 

…consider a shorter length of 
stream 

L = load (mass/time) 

Nutrient spiral 



Lust Leff Ldst 

QustCust QeffCeff (Qust + Qeff)WQCdst 
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L = load (mass/time) 
Q = flow (volume/time) 
C = concentration of pollutant  (mass/volume) 
WQC = WQ criteria or TMDL target(mass/volume) 

 



 80th Percentile flow (i.e., Probexc = 80%) 
 Proposed in initial draft rule 

 Test scenarios indicate HMF too high, 7Q10 too low 

 7Q10 more for dose-response of toxics 

 …further investigating  
 Relationship of 80th percentile flow with 7Q2 and its 

presence in the indexing period (July-Sept) 

 US EPA (1986) 
 Biological design flow (4B3)…can be multiple extreme values 

in any given year 

 Other states… 
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N = about 32,000 days 
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Probability of Exceedence 

Flow Duration Curve 
Big Darby Creek at Darbyville (USGS 03230500) 

Oct 1921 - Sep 2012 

Avg Daily

7-day minimum

7Q10 (1921-1997)

7Q2 (1921-1997)

80th pct

HMF (1921-1997)



Index Period Mean (%) Median (%) 

July – Sept 69 73 

June – Sept 63 68 

May – Oct 58 61 
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Probexc: percentage of time that a flow of a given magnitude 
is equaled or exceeded 
 

Index Period: period of nutrient criteria applicability 
 
…further work… 

• Explore other stations (USGS gages) 
• Only consider “modern” record…say 1970 – 2012 



 Wisconsin:  
 7Q2 or 30Q3…stream conditions most often observed 

during the “indexing” period (May-Oct) 

 US EPA wanted 3-yr recurrence interval 

 New Jersey:  
 30Q10 

 Florida:  
 Nutrient thresholds developed at 90th percentile 

 between 10th and 90th percentile of long-term discharge 
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River/Stream DA 
(mi2) 

7Q10 
(cfs) 

Probexc 
(%) 

7Q2 
(cfs) 

Probexc 
(%) 

QPexc80 
(cfs) 

HMF 
(cfs) 

Big Darby Ck 
(Darbyville) 

534 6.1 99 20 92 41 61.3 

Kokosing R (Mt 
Vernon) 

202 16 99 28 92 42 70.1 

Stillwater R (Pl Hill) 503 13 99.5 27 94 52 79.5 

Scioto R (Prospect) 567 9.6 99.9 15 95 29 54 

Honey Ck (Melmore) 149 0.5 99 1.4 94 5 4.81 

Tiffin R (Stryker) 410 8.2 99.9 18 95 36 60 
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Probexc: probability of exceedence 
QPexc80: Q at 80% Probexc 

HMF: harmonic mean flow 
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 TMDL phases: 
 Assess waterbody health: biological, chemical, habitat 

 Determine cause/source, TIC 

 Develop a restoration target and a viable scenario 
 Quantify sources / model 

 Select target 

 Calculate load reductions 

 Alternative scenarios 

 Implement the solution: inside/outside Ohio EPA 

 Validate to monitor progress: delist or relist. 
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 WLA = wasteload allocation 
 NPDES: general permit, individual permit 

 MS4: Phase I (large and medium), Phase II (small) 

 HSTS 
 only those with a general permit 

 

 LA = Load Allocation  
 Non-point source: runoff from agriculture, urban, 

suburban land use types 
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 Implementation of Load Development 
 Case-by-case basis with guiding principles 

 Not always equal % reduction… 

 Typically equal effluent concentration by like-sized facilities 

 

 Ensure PS given WLA in “realm of feasibility”…cannot do 
more with cost-effective technology 

 NPS sometimes “takes a hit” to help WLA values during 
low flow 
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Effluent monitoring 

• <None – then start> 

• Effluent monitoring 

Meet 1 mg/L effluent total P limit 

• Stream evaluation – measure attainment 

Reduce effluent to about 0.6 mg/L 

• Stream evaluation – measure attainment 

Reduce effluent to allocation 
established in TMDL 
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…a continuum – for 
each facility determine 
status 
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Similar appears in Ohio 
Nutrient Reduction Strategy 
(2013) 
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 Primary characterization: 
 Receiving water: describe hydrology and WQ of rivers, 

canals, reservoirs, lakes 
 WQ simulation of sediment and pollutant transport & 

transformation 

 

 Watershed: describe watershed hydrology and WQ, 
including runoff, erosion, and wash-off of 
sediment/pollutants 
 Some have simplified groundwater transport, and internally 

linked river WQ processes 
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 Tool for estimating required rigor (TMDL Charter 
Report 1999) 

 General approach:  
 Ohio EPA selects models based on watershed complexity, 

pollutant issues, stakeholder interest, cost/time, and 
familiarity. 
 Because context varies, model selection not written into 

procedure. 
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Model Acronym Receiving 
Water 

Watershed BMP 
(explicit) 

Statistical 
or 

Process 

SWAT x x x P 

HSPF (LSPC) x x x P 

GWLF x P 

QUAL-2E, QUAL-2K x P 

CE-QUAL-W2 x P 

Spreadsheet tools x x S, P 

Simplified Analytical Method x P 

Load Duration Curve S 

BATHTUB x P 
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 Assurance that the implementation activity will occur. 
 High degree of confidence that WLA and LA in a TMDL 

will be implemented… 

 By Federal, State or local authorities, and/or voluntary 
action. 
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 Impaired, but PS only, the NPDES permit is the RA 

 Impaired, with PS and NPS, WLA based on 
assumption that LA will occur 
 NPS controls: 

 Specific to pollutant 

 Expeditious 

 Supported by institutional programs and funding 

 Impaired, but NPS only, USEPA can assist State in 
developing implementation plan 
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 Ohio EPA does not have the local contacts… 
 But important to build more effective partnership with 

ODA and ODNR 

 Trend is for US EPA to strengthen implementation 
 Subsidy to Sandusky…soon in lower Maumee 

 But not statute… 

 Does S.B. 150 have a role? 

 TAG members… 
 Do you have constructive input to improve “traction” for 

implementation? 
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 Review basics…introduction…identify issues for April 
meeting 

 Today… 
 Critical Design Flow Condition 

 TMDL Allocation Methods 

 Water Quality Models Used 

 Reasonable Assurance in TMDLs 
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Use as time permits…and for discussion and questions  
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 Design Flow 
 Progress of States (USEPA) 

 http://cfpub.epa.gov/wqsits/nnc-development/ 
 Biological Design Flow 

 U.S. EPA. 1986. Technical Guidance Manual for Performing Waste Load 
Allocations - Book VI: Design Conditions ,Chapter 1: Stream Design Flow 
for Steady-State Modeling (EPA 440/4-87-004) 

 Load Allocation Schemes 
 US EPA. 1991. Technical Support Document for Water Quality-Based Toxics Control 

(EPA 505/2-90-001), p 69. 
 Chadderton et al. (1981) Water Resources Bulletin (17)5 
 Chadderton and Kropp (1985) Water Resources Bulletin (21)5 
 US EPA.  1999.  Protocol for Developing Nutrient TMDLs.  (EPA 841-B-99-007). 

 Targets 
 Ohio EPA – Division of Surface Water.  1999.  Association between Nutrients, Habitat, and 

the Aquatic Biota of Ohio’s Rivers and Streams.  Published in: Ohio EPA Technical Bulletin, 
MAS/1999-1-1.  Authors: E. Rankin, R. Miltner, C. Yoder and D. Mishne. 
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 Models Used 
 US EPA. 1997. Compendium of Tools for Watershed 

Assessment and TMDL Development (EPA841-B-97-
006). 

  Other 
 US EPA. 2007. Appendix B: Identifying Daily Expressions 

for Non-daily Concentration-based TMDLs in the draft 
report of Options for Expressing Daily Loads. U.S. 
Environmental Protection Agency, Office of Wetlands, 
Oceans, and Watersheds, Washington DC. June 22, 2007 
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 Consider… 
 Averaging period 
 Time period of applicability 

 …alternatively flow regime of applicability 
 All flows equal to and greater the design flow 

 Magnitude (Q=flow in cfs) 
 Frequency 

 Percent Exceedence 
 Flow of this magnitude or greater 

 Percent Non-Exceedence or Recurrence Interval 
 Flow of this magnitude or less 

 Duration 
 Extreme value: 7-day minimum, 30-day minimum 
 Unique data distributions… 

 Duration of average daily flow  (nobs = 365 x n-yrs) 
 Extreme value  (nobs = n-yrs, 1 obs per year) 

 Should correspond to averaging period for criterion. 
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Lust Ltrib Leff Lsub Lbio Ldst 

 Determines the extent of the critical condition… 
 Delivery or supply mechanism 

 Both dissolved and particulate form 
 Both urban PS and field runoff 

 Retention in depositional areas 
 Re-mobilization given certain environmental factors 
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 Consider… 
 Averaging period 
 Time period of applicability 

 …alternatively flow regime of applicability 
 All flows equal to and greater the design flow 

 Magnitude (Q=flow in cfs) 
 Encompasses…A duration of the flow event and a frequency of re-

occurrence 
 Percent Exceedence 

 Flow of this magnitude or greater 

 Percent Non-Exceedence or Recurrence Interval 
 Flow of this magnitude or less 

 Duration 
 Extreme value: 7-day minimum, 30-day minimum 
 Unique data distributions… 

 Duration of average daily flow  (nobs = 365 x n-yrs) 
 Extreme value  (nobs = n-yrs, 1 obs per year) 

 Should correspond to averaging period for criterion. 
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Month Average (%) 25th Pct (%) Median (%) 75th Pct (%) 

May 36 20 37 51 

June 45 28 47 62 

July 59 45 62 75 

August 71 61 75 88 

September 78 69 84 94 

October 76 67 83 92 
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…further work… 
• Explore other stations (USGS gages) 
• Only consider “modern” record…say 1970 – 2012 


