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Presentation Notes
In this presentation I hope to explain research we have been conducting for several years now with the intent of developing better watershed management strategies. Much of this work and its progress hinges on partnerships that have evolved within this entity that we call the East Fork Watershed Cooperative.
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Presentation Notes
Today I will be presenting some of our research to support better watershed management policies. We couple extensive nutrient monitoring with watershed modeling tools to explore means of better managing nutrient pollution.
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Presentation Notes
We use a case study approach. Our case study system is the 500 mi2 East Fork of the Little Miami River Watershed in Southwestern Ohio. 

The East Fork has been undergoing extensive monitoring for 10 yrs by the EPA in both streams and in Harsha lake that sits in the middle of the watershed bisecting it in almost equally sized upper and lower portions. We’ve been focusing on the upper portion. The lake is a source of drinking water and is experiencing harmful algal blooms in large part do to nutrient pollution. The lake was formed in 1978 by the Corp of Engineers as part of flood control for the Ohio River. Clermont County OH purchases water withdrawal rights to treat as much as 20 mgd of drinking water for around 75K residents.

Our research is constantly evaluated for practical application by a stakeholder group, the logos of many of its members are shown on the slide. The group goes by the name of The East Fork Watershed Cooperative (or EFWCoop). Without the stakeholder group in place, and actively participating, we find it would be difficult to ensure practically of our research.
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Presentation Notes
Just so we don’t have to take my word for the problems plaguing Lake Harsha…. On the left of this slide are the results of trend analysis for nutrient concentrations and loads from the upper watershed to Harsha lake via the main river channel. We note that all loadings of nutrient species are significantly increasing, save ammonia. Also note that concentrations of phosphorus species in river inflow are increasing, while the concentrations of nitrogen species are actually significantly decreasing or are unchanged. 

The graph on the right hand side of the slide shows what is going on with algae that have the potential to produce toxins. Their relative abundance has been increasing in Harsha lake since 2000. Since 2010 the lake has been in a persistent harmful algae bloom (or HAB) almost the entire summer.

So, Harsha lake has a serious toxic algae problem. This is affecting recreational use of the lake as well as the drinking water treatment operation and nutrient pollution from the watershed is a significant part of this problem.
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Presentation Notes
The system has spatially and temporally dense monitoring activities that have been ongoing since 2006. Sites have been situated in a spatially nested format capturing the WQ of headwater streams to major tributaries that they feed, and, in turn, that feed the main stem of the river. These schemes were established in both agricultural and urban areas. We also have focused areas of specific monitoring activity including: 1) Agricultural BMP demonstration sites, 2) Edge of field monitoring sites, 3) Urban Green Infrastructure modeling and planning sites, and 4) intensive lake monitoring.

On the right is a map of Harsha Lake. 7 sites on Harsha Lake are sampled every three weeks year around. Late May thru July sampling frequency increases to every other day at three sites (Lead by Dr. Joel Allen, EPA-ORD). There are continuous monitoring at a lake buoy site and at the drinking water intake. Clermont County DWTP Operators, USACE, Ohio DNR, and Ohio EPA help support lake monitoring and modeling effort. There is a significant research effort in cyanotoxin monitoring and management, with upwards of 10 ORD PI’s and several academic scientists participating. You’ll also here more about this side of the research coming up.
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Presentation Notes
I will provide an overview of our modeling and monitoring activities that are centered by the theme of assessing the feasibility of establishing nutrient trading markets in watersheds. Our research builds from work conducted in the Chesapeake Bay Region and in the Wabash River Watershed in Indiana.

Our main research objective is to try to understand if we can increase the success of nutrient trading markets by determining incentives for alternative participants, explain and decrease uncertainty in the analyses, increasing the adoption rate of agBMPs, and capturing co-benefits 

We review, evaluate, and validate existing modeling and monitoring frameworks to understand how to better assess and deal with the uncertainty part. We look to one tool in particular, the Soil and Water Assessment Tool (SWAT) as a comprehensive watershed simulation computer program. We are preparing reports that will highlight the results of the modeling-monitoring framework, discuss the advantages and disadvantages of using SWAT, and explain in detail the methodology used for costing WWTP and agBMP nutrient removal effectiveness.
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This is our conceptual model for augmenting nutrient trading markets with non-traditional participants

Traditionally nutrient trading feasibility has been assessed by the consideration of point sources that are waste water treatment plants (WWTPs) and non-point sources which are typically farm fields. The WWTPs could purchase credits from farmers who have implemented nutrient management practices in lieu of undergoing a more expensive plant upgrade for nutrient removal. Such a market usually has a tough time getting established because in economic speak the supply of credits far outweighs the demand, and farmers are reluctant to adopt nutrient management practices because of the uncertainty about the risks.

We feel that first there needs to be a scientifically sound technical approach to conducting the market feasibility analysis with traditional participants in mind. This is what you will hear mostly about in the this talk. The steps taken to evaluate the economic incentives that the non-traditional participants have for potentially augmenting the market will be discussed in the next talk. 
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Presentation Notes
We set targets for TP and TN in the watershed based on our monitoring data and qualified by State-wide assessments. The graph here situates monitoring sites in the upper watershed from small to large drainage areas (left to right). Site IDs are in the upper horizontal axis with sample sizes in parentheses. The black box and whisker distributions denote what sites we considered as reference based on land-uses and soils in the system. The reference conditions set a median TP and TN of 55 and 433 ppb, respectively. Considering that the Ohio EPA has noted TN of 688 ppb as an acceptable target for inland lakes within this region and that our reference conditions suggest that TP can be as low as 55 ppb we set targets of 60 and 700 for TP and TN, respectively, as desirable conditions for waters draining to the source water. These values are used as our management target for determining nutrient load reduction requirements and are supported by sound monitoring science. 
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To try to understand how to best meet these targets for the watershed system we have to turn to watershed models. Models serve two primary purposes: 1) they help integrate all of the monitoring data so that it can be considered at the system-scale, and 2) they simulate the effectiveness of management practice alternatives. 

We chose the SWAT model for evaluation and use in this system as it stands as one of the most commonly used watershed models in the world. The pie charts on the right show the relative contribution of different sources to nutrient loads in the watershed predicted by the SWAT model. Soybean production accounts for over half of the 1 million kg of TN and 100K kg of TP annual loading to lake Harsha.

One of our primary research goals has been to capture the uncertainty that comes with simulating management alternatives. Because there is little observed data on actual BMP effectiveness for this system we use the SWAT Calibration and Uncertainty Program (CUP) for estimating the uncertainty. This means that the uncertainty in our BMP effectiveness simulations comes from model parameter uncertainty.

The East Fork SWAT is somewhat unique among SWAT applications because it simulates lot-level nutrient loads that scale to the watershed level  and was validated with the extensive monitoring data for the system.
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With the way we have configured the SWAT model we can link very fine spatial load estimates such as those coming from individual farm fields (what the map on the left shows) to watershed-scale nutrient reductions. The map on the right shows a practical application of this utility by depicting individual farmer’s fields rated by their predicted levels of nitrogen run-off. This allows our partners in the Soil and Water Conservation Districts to rank and prioritize applications they receive from farmers to receive funds for agBMPs. Most applications of the SWAT model at this scale are not this spatial resolved. 
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What will it take to fix the nutrient enrichment problem?
Based on our source water protection targets we need a watershed wide reduction of 85K kg.yr-1  for TP and 800K kg.yr-1 for TN from WWTP upgrades, agBMPs and/or septic repairs.

We can estimate what the load reduction requirements are for each of the point sources in the upper watershed. There are nine of them. Collectively, 1768 kg TP.yr-1  and 6433 kg TN.yr-1 reduction is needed. Reducing nutrients at WWTPs at this level would account for at most 2% of the nutrient reduction needed at the system scale. So, the bulk of the enrichment problem will have to be solved by agricultural nutrient management. As will be the case in most Midwestern watersheds of this size.

But the WWTPs are not off the hook. We contend that they should be allowed to purchase nutrient reduction credits. While this approach may not meet WQ goals you’ll see in a moment it comes at reduced cost compared to a plant upgrade and it establishes a need for a nutrient trading market; one that the DWTP on Harsha Lake may be interested in participating in for source water protection. Also by establishing a demand for nutrient reduction credits we provide an additional incentive to farmers to adopt agBMPs. This helps to decrease the risk aversion exhibited by the farmers when it comes to agBMP implementation. 



=

o
\"IEPSA Plant upgrades vs. agBMP costs
ig\éi;gcmental Protection
Unit Cost of Nutrient Removal
$10,000 1
e agBMPs scenarios: ‘ -someentie REmoval
— Residue Management, gl | e T peficiency
Cover Crops, Filter Strips, . =TN-shecentie  ypncertainty
Wetlands, Grassed < | _
Waterways, and Septic . Location
Repair g E } uncertainty
el
— Septic Repair >> WWTP > ' | ‘
upgrade >> agBMPs ?10 | ‘
e Costs differences among | | |
agBMP types are not trivial $1 |
3 - o £ 3 s 23
E & r§% 3 = ©2 S =



Presenter
Presentation Notes
We considered residue management, cover crops, filter strips, wetlands, grassed waterways, reducing fertilizers and septic system repairs, and in comparison to the cost of WWTP upgrades.

The bar graph here shows the management practice costs in terms of dollars per pound of nutrient removed. Note the log scale of the y-axis. Blue is TP and Green is TN. I’ve plotted both the median removal efficiency cost as well as the 5th centile removal efficiency cost. The 5th centile cost would be considered a worse case removal rate. It is a conservative estimate of BMP effectiveness. Here we begin to see the effects of accounting for uncertainty on the costs of nutrient removal. The 5th centile removals cost more because the BMPs are less efficient. WWTP upgrades are the first category on the left, toward the right we see the agBMP options, with the last category being the septic repairs.

Costs among agBMP types vary, but nearly all are a factor of 10 lower for the same amount of nutrient removal compared to our estimates for conducting a plant upgrade. Several strategies ended-up being so costly that they probably wouldn’t be worth considering; for instance, septic system repair comes at a cost even greater than plant upgrades. Among agBMPs, fertilizer reduction and residue management were 10 times more than cover crops, filter strips, wetlands and grassed waterways. 

The graph shows the extent of the variation about the median and 5th centile efficiency costs suggested from the model uncertainty analysis. The error bars here depict the uncertainty associated with the spatial location of the point source purchasing credits.

In general, accounting for uncertainty stemming from both the model simulation of removal efficiency and the uniqueness of place of WWTPs doubles or triples the base cost estimates. 
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From here on in the interest of time I’m just going to talk about the TP reduction costs. In the graph here we compare the plant upgrade costs to the implementation of cover crops (light blue bars). I show the results for cover crops here because they are gaining popularity among farmers.

The plant-level cost differentials from the previous slide scale to $5.4 million for the plant upgrades compared to what would be between $27K and $246K for the same level of nutrient removal if it was accomplished using cover crops and depending on the level of removal efficiency realized. So, factoring in removal efficiency uncertainty means a factor of 9 or so difference in the annual cost projections for the WWTPs if they were buying credits as cover crop. Removal efficiencies for cover crops range from 5% to 65%. We recommend taking the 5th centile removal efficiency estimate to be conservative, and in place of using a trade ratio or margin of safety. This $246K in cover crops would have to be planted over 7900 acres of existing row crop (i.e.,white text in the light blue bar at the 5th centile level).
Turning to the watershed as a whole (the dark blue bars in the graph), using cover crops to meet the nutrient load reductions needed would cost  $1.6 mil to $14 mil for TP, pending the level of removal efficiency.

However, the costs here assume that there is enough row crop acreage available for cover crop implementation to meet the reduction requirement. Looking at the acreages needed listed within each bar we see that cover crops would need to occupy as little as 51% of the exiting row crop acreage to as much as 4x the amount of row crop available, which is 104K acres in this watershed. 
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So, we can’t fix the TP enrichment problem with one BMP type alone. The graph here shows the total costs and BMP coverages needed to meet the reduction requirement. 
Notice the error bar on the total cost here represents the uncertainty in the unit BMP cost around the 5th centile efficiency, and is the 90% interval of the cost prediction for meeting the watershed TP reduction using cover crops, filter strips, and wetlands simultaneously. 

This $2.7 to $9.8 million dollar range for TP is our best estimate of what it would cost to fix the TP problem. The range for the cost stems largely from the uncertainty in the lost opportunities that are associated with the price per bushel farmers receive from crop sales. Highlighted within each stacked bar is the acreage of cover crops, filter strips, and wetlands that would have to be implemented. With this amount spent on TP reduction, between 41% and 100% of the TN reduction could be met pending the realized level of removal efficiency for these agBMP alternatives.

This highlights the extent of the TP nutrient enrichment problem in the UEFW in terms of dollars. To put these costs in perspective we note that the DWTP on Harsha Lake is currently spending about $700K annually on a granulated activated carbon contactor to keep the water it treats safe to drink.
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Thanks.  My coauthors for this presentation and related research are James Price and Chris Nietch.



wEPA Background

» Concerns about water quality and drinking water safety

Wichita, KS constructed an ozone treatment facility to address taste and odor
problems caused by algae in the source reservoir (KDHE 2011)

Celina, OH incurred considerable costs, including testing treated water for
microcystins, as a result of severe toxic algal blooms (Davenport & Drake
2011)

Denver, CO incurred considerable treatment and watershed restoration costs
following wildfire induced sediment loading (Gartner et al. 2013)

Toledo, OH, residents told not to drink water due to toxins from harmful algal
blooms (HABSs) in Lake Erie (Snider 2014)

Waco, TX installed a dissolved air flotation plant and ozone treatment to, in
part, address persistent taste and odor problems caused by algal blooms
(Dunlap et al. 2015)

Des Moines Water Works suit seeks to make agricultural drainage districts
address nitrate problems (Hanson et al. 2016)
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Concerns growing about DW quality in part due to excess watershed loadings. This includes concerns about algal toxins, taste and odor compounds, and human health risks like DBPs.




»

wEPA Motivation

» Assess whether source water protection is cost-effective and
determine whether drinking water treatment plant (DWTP) has
incentive to participate in water quality trading (WQT) program as
demander of nutrient abatement from agriculture

« States and Agencies want WQT to work because it is cost-effective
compared to command-and-control, but there are barriers.

 E.g., thin markets (too few participants)

» Understanding how treatment costs are affected by changes in

source water quality is essential to understanding tradeoffs
between natural and built infrastructure

» Can provide evidence whether it is less expensive to invest in
natural infrastructure than pay for treatment on site

 Important knowledge gap for municipalities and DWTPs
(Gartner et al. 2013)
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Concerns growing about DW quality in part due to excess watershed loadings. This includes concerns about algal toxins, taste and odor compounds, and human health risks like DBPs.
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General Framework for
\";EPA DWTPs

1. Link changes in source water quality to changes in treatment
costs

2. Understand how source water quality is impacted by changes
iIn watershed load reductions (through land use change or
preservation)

* Requires connecting watershed variables to variables governing costs of
drinking water treatment process (e.g., turbidity or TOC). When treatment
variables differ from watershed variables (nitrogen, phosphorus, sediment),
this translation needs to be made.

3. Estimate costs of the land use change (e.g., best management
practices [BMPs]) or preservation that leads to the watershed
load reductions
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At the beginning of the talk, I mentioned the knowledge gap of not knowing the incentives for DWTPs.  We want to estimate if a DWTP has any incentives. 

It’s one thing to estimate the benefits of source water protection (in terms of costs savings), but it’s another thing to estimate the costs of doing something to reduce stressors from entering water supply.  

To do this, we need to understand the determinants of treatment costs.  The first step is to link changes in source water quality to changes in treatment costs.  Then we can link source WQ to watershed load reductions.  Finally, link costs of land use change to load reductions.  These general steps could be used for other pollutants or groundwater but links or translations may be more difficult.

Using this general framework, we set out to estimate how treatment costs are affected by source water quality for a plant in southwest OH.
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wEPA Case Study

 Bob McEwen Water Treatment Plant (BMWTP), Batavia, OH

» Clermont County Water Resources Dept. (operator logs, paper records,
invoices)

 US Army Corps. (reservoir characteristics)
* Time series: 1826 daily observations, 2007-2011
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Here is the map that Chris presented.  I put it up here to provide context for this case study.  Lake Harsha is located here, and Bob McEwen Water Treatment Plant’s intake is marked by the Star.  Dark shaded area is the Upper East Fork that drains into to Lake Harsha.  Much of the dark shaded area is agriculture (45% is row crop).

We started with data from Clermont County Water resources dept (operator logs, paper records, invoices),  I think this is unprecedented to have so much daily data.  We can’t thank the county enough for being willing to share this information with us and helping us develop this case study that has the potential to inform other utilities.

US Army corp (reservoir characteristics). We were able to compile 1826 daily obs from Jan 1 2007 to Dec 31, 2011 of real cost data and measurements from this treatment plant.
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Graph of TC/1000 gallons.  One process plant closing on April 15, 2011 caused the spike.


wEPA Time Series Model

* Analyze daily costs using Error Correction Model (ECM).

« Several commonly used time series models ignore the long-run equilibrium
relationships predicted by economic theory.

« Changes in one independent variable can have immediate effect on treatment
costs, a long-run effect, or both.

FINAL,RAWTOC,TURB, pH,
Cost B GCPOOL,
1000 gallons ! TEMP, ActualTOC,
SPRSUM,CY07 — CY10,PROCESS

22


Presenter
Presentation Notes
Interested in the L-R relationships for source water quality and costs to understand how they move together through time.  Also, because DWTPs adjust treatment to accommodate episodic events, we want to examine S-R deviations from L-R equilibrium.  Error Correction model, a time series model, allows us to do that.  Changes in variables can have L-R, immediate, or both effects.  

Cost Function is made up of:  Cost is made up of chemical, pumping, and granulated activated carbon costs, RAWTOC (proxy for DBPs), turbidity (important for water treatment as a measure of water clarity or how much suspended material decreases the passage of light.  Soil particles, algae, microbes.)  TEMDUM=1 when 23 deg or greater.  April 15, 2011, process shutdown. 

Proper procedures to make sure the data had the right characteristics, and model satisfied statistical tests (autocorrelation, heteroskedasticity). 
R2=0.61 


®
wEPA Time Series Results

 Cost of treating turbid water depends on
current turbidity and water previously
treated

* 1% decrease in TURB(=0.11NTUs) leads

to an immediate decrease of 0.02% in i
TC/1000 gal. with another 0.1% decrease & _ it

over future time. Total effect is 0.11%

» Approximately $0.09 decrease in costs
per million gallons immediately and
another $0.53/MG into future days

» 1% decrease in turbidity, leads to $1120
annual decrease in treatment costs
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Presenter
Presentation Notes
In our model, RawTOC was not significant in the S-R or L-R.  The DWTP operators did not change process based on TOC unless there was a large measurement.  Therefore, we focused on turbidity, like many other studies.

For our TURB variable there is both a s-r and l-r effect.  Elasticities which can be read as a 1% change in TURB in s-r leads to an immediate decrease of 0.02% in TC. 0.007 divided by the error correction term, leads to an additional 0.11% over future days.  

It costs the DWTP about $2700/day on average or about $994,000/year for chem, pump, and GAC costs.  So, a 1% decrease in turb leads to $1120/year decrease in those costs.

The decision at BMWTP to increase coagulant (or alum) dose occurs in steps based on seasonal and water quality triggers (e.g., settled water turbidity nearing an internal upper target).  The internal trigger for decreasing the alum dose is low enough that the relative feed of coagulant would continue for a substantial period before a correction.



o Link Water Quality to Load
“EPA Reductions

How does total phosphorus (TP) load impact turbidity in source (raw) water?
» Chose TP load because its affinity for natural clay particles and its link to harmful algal blooms
» ldeal: Link daily nutrient/sediment results to daily turbidity (TURB)
* TP load is weekly measurement of daily grab sample

Time series analysis (polynomial distributed lag model)
« TURB=f(TPLOAD, GCPOOL, SPR, CY09, CY10)

1% reduction in TPLOAD (=10.74 Ibs/day) leads to 0.15% decrease in turbidity
over the long-run (5 weeks)

* $168 in treatment cost savings from 1% annual reduction in TP load
e Cost to control 10.74 Ibs/day for a year using cover crops=$11763--$105867
e Price/lb=$3—%$27; 10.74*365*price
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Presentation Notes
We know turbidity is important for treatment costs.  To translate watershed variables to turbidity, we need variables related to nutrient loads entering Lake Harsha.  We chose phosphorus load as the watershed variable for a couple of reasons: 1) TP has a strong affinity for soil/natural clay particles.  Therefore it has a link to turbidity.  And 2) It also has a link to producing algae blooms which also lower water clarity.  With algal blooms, potential for algal toxins, so TP plays an important role here for the DWTP.   Chris showed that we can also link changes in TP to the SWAT model and controlling through different BMPs.  

We chose the time series model (PDL) for a particular reason.  We believe that a pound of TP can impact raw water turbidity for many days, so we need to take that into account.  This particular model allows us to do just that by testing how many days TP will affect turbidity.  

Function is TURB.  Made sure to go through the proper procedures again.  

R2: 0.79
1% reduction in TPLOAD (≈10.74 lbs/day)

Learned that TP load can impact turbidity at the plant for 1-5 weeks, but not immediately.  Based on the TP model, a 1% reduction of TP load will reduce turb by 0.15% over the long-run.  If Turb reduced by 0.15%, dwtp can save about $170 ($x-$y).  If control 10.74 lbs/day for a year, cost is between $12000-$106000 for TP credits in wqt program.  

With new analysis, cover crops for Williamsburg 1.22—73.47.  Even at $1, not close.  No incentive.



®
wEPA Conclusions

—_— e

« Case study revealed no incentive to purchase
abatement, but there are lower costs with
lower turbidity and TP

 DWTPs with other treatment processes/locations may
have incentives

« Limitations: uncertainties in lake, not having
right/enough data obscures incentives

e Future research:

« Does treatment process change lead to different
incentives?
«  BMWTP built granular activated carbon building, new study
(2013-2016)
 New data/models

» Data on algal communities, algal toxins, pesticides, and
other chemicals in agriculture

» Lake modeling could improve link to source water quality
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Presentation Notes
Our one DWTP study revealed no incentive to reduce TP from entering source water from 2007-2011.  But, changes in turbidity and TP have cost savings for the DWTP meaning there is some benefit to the plant.  Other DWTPs that face different WQ problems or have different processes may have more interest in controlling pollutants.  

We also may need to pool many different non-traditional participants to drum up enough incentive to reduce TP.

Risks to reducing treatment on site is fairly high.  Overtreating helps to reduce those risks and protect the public, but this also somewhat hides the impact of source water quality changes on treatment costs.  

Had to make due with existing data: GAC, pumping, Raw TOC.


SAFE anp SUSTAINABLE WATER RES@URCES RESEARCH PROGRAM

Cyanotoxin occurrence associated with cyanoHAB events on
Harsha Lake

Joel Allen

2017-05-23
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Statutes and States

® Public Law | 13-124 Harmful Algal Bloom and Hypoxia Research and Control Amendments Act of 2014

* Ecology and impacts of freshwater harmful algal blooms

* Forecasting and monitoring of and event response to freshwater harmful algal blooms in lakes, rivers, estuaries
(including their tributaries), and reservoirs

® Public Law | 14-45 Drinking Water Protection Act

» Establish guidance regarding cyanotoxin analytical methods, monitoring frequency
* Provide technical assistance to affected States and public water systems

State Interactions

* Ohio, Indiana, Kentucky
¢ Ohio River Sanitation Commission,
* Upper Mississippi River Basin Association

Federal Partners
« USGS, USACOE
Local/Stakeholder Partners

¢ Clermont County Ohio
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ORD HABs Research - Lake Harsha

® Inland HAB Management

* Monitoring and modeling using high frequency data to predict and assess
HAB and cyanotoxin intensity

® Modeling Reservoir Algal Community Dynamics
* Link Watershed to Drinking Water Treatment and Recreation Uses
® Ecological contributors to cyanoHABs

* Investigate if specific sediment areas act as seed beds for initial
cyanobacterial stocks

® Sorption and Recovery of Total Phosphorous on Reactive Media

 Evaluate innovative solid media, developed at EPA, to remove phosphate
and ammonia from waste water.

® Optimizing early stages of the water treatment process
* Oxidants and PAC for the removal of seasonally occurring contaminants
® Removal of Cyanotoxins using Granular Activated Carbon

* Studies at various cyanotoxin concentrations to assess removal efficiency
and carbon usage rate.

POC: Joel Allen allen.joel@epa.gov
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\elEPA CyanoHABSs in Source Waters

® Drinking Water Guidelines for microcystins

* World Health Organization: | g/l
* US EPA/Ohio/Oregon: 0.3pug/l (10day, sensitive populations)
* Minnesota: 0.1 g/l o .

* Vermont: 0.16pg/l W\%

#8 ® Recreational Contact ’ }'>=M
l

NH
Hen, CHy H j—\ H o HCH H Xand Y vary
o Y/NW X depending on
0 HGCOH o the congener

B-Me-Asp

370

» US EPA draft guidance: 4ug/I
e States 0.8-20pug/l

2015 Raw MC-ADDA, Site: BUOY

A A AA A+ AA

q gE
3 ::;%: » ‘o

[ ]
[ ®

MC-ADDA [Tg/L

Jun Jul Aug Sep
2015

® <MDL ¢ <MRL # Report & >5 X QAFail
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CyanoHAB Source Water Monitoring

® Source Water Monitoring

* Bloom prediction

* Biotic/abiotic factors driving
cyanobacterial ecology?

* Surrogates indicating impending blooms

and cyanotoxin production?
* Potential opportunities of reservoir
hydrological management

® Temporal scale is critical to understand
ecological context

* Sampling should reflect the time-scale at
which relevant processes occur

Phyco RAW Da

Oct

® HF Physico-chemical

® Temporally Relevant Sampling

Woater Quality

In-vivo Fluorescence
Photosynthetically Active Radiation
Weather

Cyanotoxin Concentration
Nutrient Chemistry
Molecular Markers
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<EPA

2017 Research

® Continue temporally dense sampling/monitoring

® Buoy to be deployed at ENN with EXO2 sonde

and temperature string

® 24 hour profiling to assess vertical migration and

optimal sampling approach

e 2 hour intervals

* Sample collection at I m increments from

surface to thermocline
® Automated ELISA analyzer

« MC-ADDA
¢ Anatoxin
e Saxitoxin

® Predictive model development

< |0 Gitb-— () Ooento. | [ nowCOA- | (5 Mo WMS | B LeeBetTi | Lozt = | 0 4 =
'8 O 4+ O 2 ~ =

127001 & matrcuate

Lake Harsha Water Quality Data
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s
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Cyanobacteria historical trend in USACE
Louisville District Reservoirs

Nate Smucker,
Jake Beaulieu,
Chris Nietch
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Environmental Protection

Yearly maximum densities of
cyanobacteria in 20 reservoirs

* Maximum densities of cyanobacteria
observed during the summer have
been increasing in general

* Seeing more reservoirs experiencing
conditions with moderate to high risk
to human health

Cyanobacteria (cells / 1)

1985 1990 1995 2000 2005 2010 2015

Year
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=5"""Decline in the number of reservoirs
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® 19-20 reservoirs sampled

0.0 1 0 <12 reservoirs sampled
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Trends of increasing summer maximums

of cyanobacteria densities for 20 reservoirs

High (10 €7 cells / L)

Moderate (20 e cells / L)

1990

1
16895

_ «p_Lake Harsha

Harden (13% forest)
West Fork (1% forest)
Brookville (23% forest)
C.J. Brown (9% forest)
Caesar Creek (13% forest)
Salamonie (9% forest)
Cagles (22% forest)

Green River (61% forest)
Nolin (46% forest)
Taylorsville (45% forest)
Roush (7% forest)
Rough River (51% forest)
Barren River (39%
forest)

Mississinewa (14%
forest)

Patoka (67% forest)
Monroe (82% forest)
Carr Creek (76% forest)
Buckhorn (84% forest)
Cave Run (78% forest)

13 reservoirs in high risk
category

5 reservoirs in moderate risk
category

2 reservoirs in low risk category

2000
Sampling date

2005
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Taxa capable of producing toxins typically
dominate cyanobacteria cell densities in Harsha
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Phosphorus concentrations have
increased since 1999
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““Harsha surface temperatures have been

increasing earlier in the year

Average monthly
temperature (°C)
N

-
o
L

5

1985

1990

1995 2000 2005 2010 2015 2020
Year

April (10°>16.9°) =077
May (17.50923.2") R2=0.39
R2=0.21

August

October
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In the epilimnion, average and maximum observed dissolved oxygen (DO)
have increased in May whereas average DO and minimum DO decreased
in September
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In the hypolimnion, average dissolved oxygen
has decreased in May and June

N
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Dissolved Oxygen (mg /L)

1985 1990 1995 2000 2005 2010 2015
Year

Apr
May (R2=0.41)-5.4->29mg/L
(R2=0.40)-25-2>06mg/L

Aug
Sep
Oct
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Phosphorus concentrations during May
have increased since 1999
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This slide is a placeholder to make a summary figure showing the story of the previous slides:

Phosphorus and temp up, algae/cyano up, epilimnion DO up in spring, down in fall,
hypolimnion goes anoxic earlier, phosphorus in hypolimnion increases
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Redox
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A

+*Will the watershed nutrient load reduction fix the algae problem in Harsha

Lake: How long will it take?

Depends on the role of lake sediments and other internal nutrient cycling processes

Market participation depends on this understanding


Presenter
Presentation Notes
I prepared this conceptual model to summarize what we know has changed over time in Harsha Lake and to highlight the important interactions among nutrients, algae, sediments, and other regulating factors.

Changing controlling factors are highlighted in red with the direction of their significant trend denoted by the arrow.  With this model it is clear that Harsha is likely experiencing a condition of positive feedback: With increasing nutrient levels and higher water temperatures earlier in the season accelerating cyanobacteria production. The temperature change and likely the Cyanobacteria death decrease oxygen availability in the hypolimnion earlier in the year. This likely extends the period of low redox conditions, which can increase nutrient flux from sediments and continue to fuel a sizable bloom throughout the summer. 

Also, notice that the nutrient submodel on the left contains a mass balance based on our monitoring data. Balancing the masses of inflow, overflow, and water column nutrients suggest a large deficit that has to be satisfied by internal sources of TP and TN independent of current watershed loading rates. 

What we have to do now and how long it will take to get out of this feedback cycle is now a leading research question.





EPA

Watershed-climate interactions regulating
biogenic gases in reservoirs

Jake Beaulieu
US EPA, Office of Research and Development
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0. Water Quality Issues at Harsha Lake

Photocredit: Clermont County

Algal Blooms Oct 2015 Fish Kill

el Lo 2 g
= 7— g !
T . a&.&

Photoc'redit: "CIermont Sun

“Photocredit: USEPA
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Woater Quality Trading

Traditional WQT Market

Runoff=F(Cover Crops, Filter
Strips, Grassed Waterways,
Residue Management, etc)

Discharge= F(Capacity,
Technology)

| Demand Side Supply Side |
i Waste Water i
i Treatment Plant Agriculture i
: (WWTP) /\ :
i /$\ |
Discharge of Runoff
i Pollutants Reductions !
i WQ Credit



i"n’EPA Co-benefits of Water Quality Trading

—

buffers

WQ Credit

e GHG reductions from soils

Runoff=F(Cover Crops, Filter
Strips, Grassed Waterways,
Residue Management, etc)

Discharge= F(Capacity,
Technology)

Traditional WQT Market Co-benefits
| Demand Side Supply Side . o Wildlife habitat
i Waste Water i
| Treatment Plant Agriculture . * Enhanced property values
: (WWTP) /\ i
76\ i Improved recreational
opportunities
i Discharge of Runoff |
| Pollutants Reductions . » Cstorage in created
i wetlands or riparian

e GHG reductions from
waterways

50


Presenter
Presentation Notes
A few words about water quality trading.  Water quality trading begins with the demand side, where an entity that is under a legal obligation to reduce nutrient discharges, such as a WWTP under a TMDL, is going to spend money to reduce nutrient discharges.  In a trading market they can spend the money to upgrade their treatment processes, or they can pay an upstream actor, such as a farmer, to reduce nutrient inputs to the watershed.  The idea is the same level of nutrient reduction can be achieved at a lower cost through the market.  Now in many instances WQT programs don’t work because the market is too thin, in other words there aren’t enough demanders and suppliers to support the market.  So one way to strengthen these markets is to provide additional incentives for credit suppliers to participate.  One way of doing this is to allow suppliers to receive compensation for the benefits that come along with the nutrient reduction.

Co-benefits include….


wEPA US Anthropogenic CH, Budget

Natural Gas
7.0 Tg/yr

Reservoirs
~2.9 Tg/yr

Beaulieu et al (2014)

Ruminants

Coal Mining
2.7 Tg/yr

~ Petroleum |
2.7 Tgfyr Landfills
5.9 Tg/yr
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2014 Inventory of US Greenhouse Gas Emissions and Sinks
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Presentation Notes
Reservoirs are an important CH4 source in US.


0

Methane and Water Quality

e Ebullition Diffusive

emission

Oxic water

Bubbles Dissolution  Oxidation

Degassing &
downstream
emissions
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Presentation Notes
Methane produced from ‘rotting mud’ and released through several pathways.


SEPA \ -
\7 ». Methane and Water Quality
nutrients
T
5
e | Algal
: e blooms
L — production

Control Terrestrial Algal

West et al. 2012
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Presentation Notes
Algae is rapidly converted to CH4 in lake sediments.  


Lots of Methane from Harsha Lake
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Presenter
Presentation Notes
Harsha Lake has the highest emission rate yet reported.  Representative of area reservoirs?


Surveyed Reservoir
Locations and Watersheds:

Ecoregions
[ Coastal Plains
Morthern Appalachians
|| Morthern Plains
Southem Appalachians
! Southem Plains
0 Temperate Plains
Upper Midwest
I Western Mountains
Xeric

https://www.epa.gov/national-aquatic-resource-
surveys/ecoregional-results-national-lakes-assessment-2012

Land cover data from:
http://www.mrlc.gov/nlcd2011.php
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30 reservoirs across land-use gradient.


Lo

Paint Creek Lake - | . |
Buckhorn Lake - I - |
Wingfoot Lake - | . |

Kiser Lake - I
Dillon Lake - :
Lake Loramie - :
William H Harsha Lake - :
Brookville Lake - | .
La Due Reservoir - —e—]
Pleasant Hill Lake - ——e—
Apple Valley Lake - |_._|
Acton Lake -
Hocking County Lake -
Lake Roaming Rock -
Lake Mohawk -
Delaware Reservoir -
Caesar Creek Lake -

]
|_._|
——
e
I
e
Charles Mill Lake - |_._|
——
.
e
Fe|
]
|
|_._|

L

Lake Milton =

Cave Run Lake -
Senecaville Lake -
Rocky Fork Lake -
Burr Oak Reservoir -
Lake Waynoka -

Knox Lake -
Cowan Lake- |——o—]
Michael J Kirwan Reservoir - Fe

Alum Creek Lake - H

Atwood Lake - H
Carr Fork Lake - M
Tappan Lake - ¥
Piedmont Lake - ]
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Presentation Notes
Harsha Lake not outlier.  Lots of CH4 coming from these systems.  Lots of opportunity for emission reduction!


Tropic of Cancer

Equator

Tropic of Capricorn

2,375 4,750

@ Diffusive + Ebullitive
9,500 Kilometers Ebullitive Only

A Diffusive Only

Deemer et al. 2016. Bioscience
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Presentation Notes
Explore methane ~ algae relationship at global scale.  We found published CH4 emission rates from 140 reservoirs distributed across the globe.  After we compiled the data we related the emission rates to a bunch of explanatory variables such as temperature, latitude, watershed area, precipitation, and others.  One variable explained more variation than any other and that was productivity.  
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“EPA . Methane and Water Quality
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Presentation Notes
Here we plotted emission rates against productivity status where oligotrophic systems are clear water systems, mesotrophic are getting greener, and eutrophic systems are the most productive and have algae blooms.  So clearly, CH4 emissions increase with productivity.  This suggest that WQT actions that reduce nutrient loading and algal blooms will also reduce CH4 emissions.


\"nlEPA Conclusions

® Harsha lake, and other productive reservoirs in
Ohio/Indiana, support very high CH, emission
rates.
— Methane emissions are correlated with reservoir
productivity.

— Nutrient and algal reductions achieved through WQT could
result in the co-benefit of reduced methane emissions.

MJ Kirwan, Ohio. Photocredit: USEPA

® Future research:

— Develop methane ~ algae model for area reservoirs.
— Expand study to 1200 reservoirs across the country

Carr Cr, KY. Photocredit: USEPA




Clermont County Water Resources
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Hannah Lubbers and
Jacob Hahn




Lori Lenhart and John McManus

FUNDING
AGRICULTURAL BMPS
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