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	DATE:
	September 28, 2009
	MEMORANDUM

	FROM:
	David  Dilks 
	

	PROJECT:
	WINONA
	

	TO:
	Joe Bischoff

	CC:
	Hans Holmberg

	SUBJECT:
	Review of Water Quality Modeling Conducted in Support of the Draft Lake Winona TMDL Phase 3 Report


SUMMARY
LimnoTech reviewed the report “Draft Lake Winona TMDL Phase 3” (AECOM, 2009), to determine the suitability of its modeling analyses to support TMDL development. The report describes calibration of the BATHUB water quality model to define relationships between phosphorus loading to Lake Winona and the resulting lake water quality. The model was then used to predict future lake water quality expected to result from phosphorus load reductions from the contributing sources. The findings of our review can be summarized as:

· The predictive capacity of the BATHTUB model is limited for shallow turbid-water lakes such as Lake Winona, especially ones that may transition between ecological states.  
· The model is useful for showing that internal phosphorus sources are a large contributor to the phosphorus concentrations in Lake Winona. Water quality targets cannot be attained, regardless of the level of treatment at ALASD, until these internal sources are controlled. Control of internal sources will require a transition back to a clear-water state, which cannot be attained through external nutrient controls alone. The transition will require control of rough fish and re-establishment of a macrophyte community.
· The report is cognizant of the above limitations, noting that: 1) model predictions are highly uncertain, 2) the purpose of this model application is not to identify specific wastewater nutrient reductions, and 3) transition to a macrophyte-dominated clear-water state will need to control factors other than nutrients.
· The suitability of this modeling to support TMDL development will ultimately depend on how model results are used in the upcoming implementation plan. The model, even with large uncertainty, is useful for identifying that water quality standards cannot be met until the lake transitions to a clear-water state. This information can be used to guide adaptive implementation efforts or perhaps a change in water quality standards. The model is not sufficiently reliable to define the specific load reductions necessary to meet existing water quality standards.
BACKGROUND
AECOM, Inc. (2009) recently produced the Draft Lake Winona TMDL Phase 3 Report for MPCA. The report provides a characterization of Lake Winona, and conducts both water and phosphorus budgets for the lake. The report describes application of the BATHTUB water quality model, which is used to define the relationship between nutrient loading and resulting water quality. The BATHTUB model was calibrated to observed data collected from 2001-2008, and the calibrated model then used to predict future lake water quality in response to phosphorus load reduction from the contributing sources.
ALASD has requested LimnoTech to review this document, with a particular focus on the suitability of its modeling analyses to support TMDL development. This memorandum documents the review, and is divided into sections discussing:
· Applicability of BATHTUB model to shallow lakes
· Review of Lake Winona TMDL modeling
· Suitability of Existing Model to Support TMDL Development

APPLICABILITY OF BATHTUB MODEL TO SHALLOW LAKES
BATHTUB is lake water quality model that uses empirical equations to define the relationship between:

· Phosphorus loading and resulting lake phosphorus concentration

· Predicted lake phosphorus concentration and resulting chlorophyll concentration 
· Predicted lake phosphorus and/or chlorophyll concentration and resulting water transparency
BATHTUB provides a range of different equations for each of the above relationships, and allows model users the ability to tailor each of the equations during the model calibration process to match observed site-specific conditions.
BATHTUB is a steady-state model, meaning that it is not capable of describing how conditions change over time. It has the greatest applicability for situations where the cause-effect relationships defined during model calibration remain applicable for all future conditions simulated by the model. This steady-state requirement causes potential problems for shallow lakes that may transition between ecological states. There are two alternative stable ecological states that shallow water lakes can reside in:

1. A clear-water state with a dominance of macrophytes
2. A turbid-water state with algal dominance and limited macrophytes

The specific nature of the empirical equations in BATHTUB that relate phosphorus load to in-lake phosphorus, chlorophyll, and transparency depends on the ecological state of the lake. Equations that accurately describe turbid water states are not expected to appropriately reflect clear-water states.  

BATHTUB results have the potential for large uncertainty in shallow turbid-water lakes. BATHTUB does not directly simulate the resuspension of bottom sediments and phosphorus, a process that is an important contributor to the phosphorus budget in these lakes. BATHTUB applications to turbid lakes often require the model user to manually specify large amounts of internal phosphorus load in order to acceptably describe observed concentrations. This internal load varies significantly on a year-to-year basis, such that future phosphorus concentrations are highly dependent on a very uncertain model input. Additionally, there is typically a weak correlation between lake phosphorus concentration and chlorophyll in turbid lakes, because algal growth is often controlled by factors other than nutrient concentrations.
In summary, BATHTUB has some limited applicability for shallow lakes. It is most appropriately used when the model calibration process and model scenarios all represent the same ecological state. The model is much less useful when it is calibrated to data representing one ecological state, and then run to assess scenarios that represent a different ecological state. As with any model, the uncertainty in predictions should be considered when using its results for management applications. BATHTUB applications to shallow water lakes, especially those in the turbid-water state, are expected to be highly uncertain. In these situations, model results are better used for guiding adaptive management activities than for defining specific load reductions.
REVIEW OF LAKE WINONA TMDL MODELING
The model-related activities in the report can be divided into three sections:

· Estimation of hydraulic and external nutrient loads

· Calibration of the BATHTUB model to observed data

· Use of the BATHTUB model to project future conditions
The estimation of hydraulic and external nutrient loads was found to be reasonable, although watershed loads are highly uncertain due to the apparent lack of any model calibration. The BATHTUB model calibration exercise shows that the model has little predictive capability, as calibration was achieved by specifying what was termed an “undifferentiated” phosphorus load that comprised 0 to 41% of the annual loading over the calibration period. Model projections are also expected to be highly uncertain due to the use of a model calibrated to a lake in a turbid water state being used to predict conditions for a lake in a clear-water state.

Estimation of Hydraulic and External Nutrient Loads

The primary sources of water and external nutrient loads to Lake Winona are water runoff and discharge from ALASD. ALASD loads are relatively well defined, and are based on permit discharge monitoring. The WinSLAMM model was used to estimate hydraulic and nutrient loading from the watershed. It appears from our review that no calibration was conducted on WinSLAMM. The report states that “Parameter files for WinSLAMM such as runoff coefficients, pollutant concentration, and particulate particle size data were selected from calibrations obtained from multiple stormwater programs completed by the US Geological Survey or US Environmental Protection Agency.” No indication was given that these data were specific to the Lake Winona watershed. Further, no comparisons were provided of WinSLAMM predictions versus observed loading data, so it is assumed that no calibration was conducted. As a result, watershed loads are likely highly uncertain.
Calibration of the BATHTUB Model to Observed Data

The calibration of the BATHTUB model relationship between phosphorus load and in-lake water quality was originally attempted on a year-to-year basis from 2000-2008. The phosphorus concentrations predicted by the model for eight of these nine years could not be made to match the observed in-lake data, unless an additional “undifferentiated phosphorus source” was added to the lake. This undifferentiated source, representing internal sources such as resuspension of bottom sediments, was back-calculated for each year as the amount of additional phosphorus needed to be added to the lake to allow predictions to match observed data. This internal source varied from 0 to 41% of the total phosphorus load over the eight year calibration period.
The need for specifying a large (and highly variable) arbitrary load to allow model predictions to match observed data renders the calibration essentially meaningless. This type of calibration provides no indication that the BATHTUB equations accurately reflect cause-effect relationships in Lake Winona. In fact, it demonstrates that the model cannot describe these relationships unless a large arbitrary load is added to the lake. 
Similar calibration problems were encountered for the chlorophyll simulations, as calibration coefficients used to simulate data from 2004-2008 were unable to accurately simulate data for the 2000-2003 period. No chlorophyll calibration results were provided in the report. It is important to understand the overall uncertainty in the chlorophyll calibration, especially given the expected poor correlation in turbid-water lakes, prior to using the model to guide management actions.
Use of the BATHTUB Model to Project Future Conditions
The calibrated BATHTUB model was then run to evaluate the water quality impacts associated with numerous phosphorus load reduction scenarios. These load reduction scenarios evaluated ALASD flows from 1.25 to 4.75 MGD, and phosphorus concentrations from 60 to 300 ug/l. The scenarios also considered reductions of up to 85% from internal and runoff sources. 
The predictive capacity of the BATHTUB model for these larger load reductions is particularly suspect, especially for those scenarios which assume a transition between ecological states.  The model was calibrated to data collected while Lake Winona was in a turbid water state, and many of the scenario projections (e.g. those assuming large reductions in internal loading) are representative of lake in a clear-water state. The BATHTUB equations calibrated to a lake in a turbid water state are not expected to apply to a lake in a clear-water state.

SUITABILITY OF EXISTING MODEL TO SUPPORT TMDL DEVELOPMENT
The review of the modeling identifies a large degree of uncertainty in its predictive capabilities, although this does not mean that the model has no value. All models have some degree of uncertainty, and the utility of any model depends on the questions it is being asked to answer.
The model application conducted to-date clearly demonstrates that internal sources of phosphorus are currently an important contributor to the Lake Winona phosphorus budget. Model results also indicate, with a high degree of confidence, that these internal sources are sufficiently large to preclude attainment of existing water quality standards even if ALASD treats phosphorus concentrations to zero.
Although the model is suitable for drawing the qualitative assessments above, it is too uncertain to quantitatively define nutrient loads necessary to achieve attainment of the water quality standard. The primary sources of this uncertainty are: 1) the inconclusive model calibration due to the large internal load, and 2) a model calibrated to a lake in a turbid water state cannot be expected to provide reliable predictions after the lake transitions to a clear-water state. The report is cognizant of these weaknesses, stating at various locations:

· “model predictions involving large changes in water quality should be considered planning estimates that need to be periodically updated based on new information, and not be considered absolute predictions of future conditions.”

· “Reversing the hypereutrophic state of Lake Winona to a macrophyte dominated clear-water state will be difficult, as shown by experience, and will need to focus on controlling the forward switches”

· “the purpose of the Phase 3 Lake Winona TMDL Project is not to identify specific wastewater or runoff management practices to be implemented.”
Ultimately, the suitability of this model will be determined on how it is applied in the implementation phase.  The model can be useful for guiding adaptive implementation efforts or perhaps a change in water quality standards. The model is not sufficiently reliable in its current form to define the specific load reductions necessary to meet existing water quality standards.
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