[bookmark: _Toc475006462][bookmark: _Toc224119174]Appendix B.1. Estimation of existing and reference condition loading excluding regional anthropogenic nutrient sources

Existing conditions for point and nonpoint sources

Existing conditions for point and nonpoint sources for the 2008 calibration year were needed as boundary conditions to characterize the concentrations and loads of nutrients entering the model. 

Point source inputs into the model include a total of 97 facilities with marine outfalls in the Salish Sea. Most of these are wastewater treatment facilities (78 U.S. municipal WWTPs, nine Canadian municipal WWTPs) and a few industrial discharges (five oil refineries, four pulp/paper mills, and one aluminum facility).

Nonpoint source inputs into the model include 64 freshwater inflows that are tributary to the Salish Sea i.e. rivers and streams, and shoreline fringes. These inputs enter the model at the mouth of each river/stream, or at the most downstream point in the drainage at the terrestrial-marine boundary. 

Most observed/field data for both point sources and nonpoint sources (rivers) are collected at a monthly interval, but the model needs inputs at a daily time step. A multiple linear regression, which relates observed monthly nutrient concentrations to flow patterns and time of year (i.e. seasonality) was used create a daily time-series for point and nonpoint sources entering the Salish Sea. The estimates were developed using a best-fit to monitoring data. More details about this methodology are described in Mohamedali et al., (2011).

A few important points about this approach include:

· We had more monitoring data for rivers, streams and point sources entering South and Central Puget Sound. This means that we had more data to develop site-specific regressions for South and Central Puget Sound, even for smaller creeks. Therefore the boundary condition estimates for point and nonpoint sources in South and Central Puget Sound are more refined than in other parts of Puget Sound. In other parts of Puget Sound, we had the same amount of monthly data for the larger rivers that are monitored as part of Ecology’s freshwater ambient monitoring program, but not for smaller streams. 
· The nutrient loads that enter the model from nonpoint sources (rivers and streams) represent the loading at the most downstream point in the drainage. This estimate includes nutrient loading from all upstream sources, but does not distinguish or track those sources upstream. Therefore, we have an estimate of the magnitude of nutrient loading entering the Salish Sea from these river/streams, but we do not know the relative contribution of upstream watershed sources to that downstream load. Upstream nutrient sources include: agriculture, atmospheric deposition, natural sources, point sources that discharge into the river upstream of the mouth, septic systems, urban activities, stormwater runoff, etc. 
· For those watersheds that appear to have significant anthropogenic influence on specific areas of the Salish Sea, we recommend performing additional watershed-specific analysis to track, identify, and estimate nutrient contributions from different upstream sources.
· When the multiple regression estimates were first developed, we did a thorough review of results, and compared the regression results to observed data collected in 2006 and 2007. We recommend doing a similar comparison of regression estimates with observed data for other years as well, including the year 2008 and future years for which the model might be run.

Reference conditions excluding regional anthropogenic nutrient sources

The ‘reference condition’ used in the model is used to represent point and nonpoint source inputs into the model in the absence of regional anthropogenic nutrient sources. In this case, the ‘regional’ sources included only U.S. point and nonpoint sources entering the Salish Sea model. This ‘reference condition’ therefore does not exclude anthropogenic sources from:

1. Canadian point and nonpoint source inputs.[footnoteRef:1] [1:  Future analysis may include estimates of Canadian reference conditions.] 

2. The ocean boundary (which are influenced by both natural and anthropogenic contributions and processes at the global level).

In order to isolate the effect of regional anthropogenic nutrient sources on Salish Sea water quality, no changes were made to flows from any of the boundary conditions entering the model under reference conditions. The reference condition therefore does not directly include the effect of human hydro modifications to river and stream hydrology (e.g. due to the presence of dams), or physical changes to the Salish Sea shoreline due to human activities.

Reference nutrient concentrations were developed by estimating how much of the current/existing nutrient concentrations are due to human activities, or conversely, what levels of nutrients would be entering the Salish Sea in the absence of human activities i.e. reference conditions. 

The following sections describe the methods used, to date, to estimate point and nonpoint source boundary condition nutrient inputs in the absence of regional anthropogenic nutrient sources. We are still investigating variabilities in different approaches that could be used to estimating reference and natural background concentrations and are conducting additional analysis that could corroborate or enhance our existing approach. Future reports will document any changes to the approach described in this Appendix if this results in a change in the boundary condition inputs used to represent reference conditions in the Salish Sea model.

Reference condition for regional nonpoint sources 

Reference conditions for nonpoint sources involved estimating reference levels for the following nutrient parameters entering the Salish Sea via rivers and streams: nitrate + nitrite (NO23N), ammonia (NH4N), dissolved and particulate organic nitrogen (DON and PON), and dissolved and particulate organic carbon (DOC and POC). 

NO23N and NH4N reference concentrations for nonpoint sources were originally estimated by Mohamedali et. al. (2011), and no changes were made to this analysis, and a summary of the approach is provided below. Reference concentrations of organic nitrogen and organic carbon were not included in the original analysis, and the additional work that was done to estimate these is described below in more detail.

Inorganic Nitrogen - NO23N and NH4N

Reference concentrations were estimated on a regional basis i.e. all rivers entering one of eight regions of the Salish Sea were assigned the same reference concentrations. Table B1 summarizes the approach.

Table B1. Approach used to estimate reference concentrations of NO23N and NH4N, as described in Mohamedali et. al (2011)
	Rivers entering the following regions:
	Approach used for calculating NO23N and NH4N reference concentrations for those regions:

	South Sound
	Use the minimum value of either:
1. The monthly 10th percentile concentrations of NO23N and NH4N ambient data collected from rivers entering each region1. Ambient data used were from the years 2001-20092.
Or,
2. The annual flow-weighted atmospheric concentration from. Atmospheric flow-weighted concentrations of NO23N and NH4N measured in Mt. Rainier National Park3 from the years 1999-2009.

	Commencement Bay
	

	Puget Main
	

	Elliott Bay
	

	Whidbey Basin
	

	Strait of Georgia
	

	Hood Canal
	Use the minimum value of either:
1. The monthly 50th percentile concentrations of NO23N and NH4N ambient data collected from rivers entering each region1. Ambient data used were from the years 2001-20092.
Or,
2. The annual flow-weighted atmospheric concentration. Atmospheric flow-weighted concentrations of NO23N and NH4N measured in the Olympic National Park3 from the years 1999-2009.

	Strait of Juan de Fuca
	

	1. Table 4 in Mohamedali et. al. (2011) lists the stations and rivers used for each region.
2. Data was collected by Ecology’s Freshwater Monitoring Program: http://www.ecy.wa.gov/programs/eap/fw_riv/index.html.
3. Data came from the National Atmospheric Deposition Program: http://nadp.sws.uiuc.edu/data/NTN/.



As outlined in Table B1, two approaches were used to estimate reference concentrations – one using 10th percentiles, and the other using 50th percentiles. This is because the rivers entering Hood Canal and the Strait of Juan de Fuca are draining watersheds that are primarily forested and have very little development and few agricultural activities, and overall concentrations of inorganic nitrogen are much lower than in rivers draining the Cascades. 50th percentiles were used for these rivers to represent the fact that these watersheds have minimal anthropogenic nutrient sources even under existing conditions.

More details about the rationale for the above approach, and the meta-analysis conducted to support this approach are presented in Mohamedali et. al. (2011).

Since this approach estimates reference conditions for inorganic nitrogen on a regional basis, it does not necessarily represent the nutrient signatures of each individual river/stream entering the Salish Sea, but rather, averages out the nutrient signatures of all the rivers within that region from which data were used to estimate reference conditions. 

This aggregation causes a few anomalies, one of which is the Skagit River. We mention the Skagit River specifically because it is the second largest river in the Salish Sea model domain, in terms of flow (second to the Fraser River), and the largest freshwater source on the US side of the border. It therefore has a potentially large influence on water quality dynamics in norther Puget Sound.

[bookmark: _GoBack]Existing inorganic nitrogen concentrations in the Skagit River (0.12 mg/L DIN annual mean) are much lower than those measured in the Snohomish and Stillaguamish Rivers (0.24 mg/L and 0.22 mg/L) between 2001 and 2009. Data from all three rivers were pooled together to estimate the 10th percentile reference concentrations for all rivers entering Whidbey Basin. The 10th percentile reference concentrations for these rivers entering Whidbey Basin turn out to be close in value to the Skagit River existing concentrations, as illustrated in Figure B1.
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Figure B1. Time-series comparisons of existing (2008) and reference concentrations of NH4, NO3, DON and PON for the Skagit River.

In reality, Skagit River reference concentrations are likely lower than those that we have estimated. Future work could investigate a more site-specific approach to estimate reference inorganic nitrogen concentrations for the Skagit River and other rivers that are large in terms of flow, have known watershed anthropogenic nutrient sources that do not seem to be reflected in our current estimates of reference conditions, and/or where model results show that nutrient inputs from these rivers have a noticeable influence on marine water quality dynamics.

Organic Nitrogen – DON and PON

Reference organic nitrogen concentrations used an approach similar to what was used to estimate inorganic nitrogen concentrations, except that atmospheric deposition was not included in this analysis, and that the organic nitrogen had to be separated into dissolved and particulate fractions. Estimating reference concentrations of organic nitrogen involved the following steps:

1. Calculated existing concentrations of total organic nitrogen (TON) in ambient data (data from 2001-2009[footnoteRef:2]) by difference as follows: [2:  Data was collected by Ecology’s Freshwater Monitoring Program: http://www.ecy.wa.gov/programs/eap/fw_riv/index.html.] 

TON = Total Persulfate Nitrogen – (NO23N + NH4N). 
2. Calculated reference concentrations of TON as the 10th or 50th percentiles of existing organic nitrogen concentrations (from Step 1), by region, from rivers entering each region. The same rivers and region groupings were used as outlined in Table B1 i.e. 50th percentiles were used for rivers entering Hood Canal and SJF, and 10th percentiles were used for all other regions.
3. Calculated the existing proportion of dissolved and particulate fractions of TON (i.e. the existing DON:TON and PON:TON ratio) for each river entering the model domain at a daily time step – this created a daily time-series of DON and PON ratios for each river.
4. Applied the existing DON and PON ratios (from Step 3) to the estimated reference TON concentrations (from Step 2) to calculate reference DON and PON concentrations for each river – this created a daily time-series of DON and PON reference concentrations for each river. This step essentially means that we assumed that the proportion of dissolved and particulate forms of organic nitrogen will remain the same under existing and reference conditions.
5. If existing concentrations of DON or PON on any day for any river was less than the estimated reference DON and PON concentration for that day and river, then the existing concentration was used in lieu of the estimated reference concentration.

Organic Carbon – DOC and POC

Reference organic carbon concentrations also used an approach similar to what was used to estimate organic nitrogen concentrations, except that monitoring data for carbon parameters are insufficient to calculate percentiles. 

In the absence of sufficient monitoring data, we used a daily time-series of organic carbon concentrations developed using a multiple linear regression approach. Daily time-series estimates of organic carbon parameters were already available for the years 1999-2008 based on the work done by Mohamedali et. al. (2011). Estimating reference concentrations of organic carbon involved the following steps:

1. Calculated monthly 10th or 50th percentiles of DOC and POC concentrations from 1999-2008 to represent reference concentrations. 50th percentiles were used for rivers entering Hood Canal and SJF, and 10th percentiles were used for all other regions. 
2. If existing concentrations of DOC and POC on any day for any river was less than the estimated monthly reference DOC and POC concentration for that river, then the existing concentration was used in lieu of the estimated reference concentration.

Reference Conditions for Lakes

There are two lakes that drain into the Salish Sea under reference conditions: Capitol Lake, and Lake Washington.

Under existing conditions, the Deschutes River drains into Capitol Lake, which then enters Budd Inlet in South Puget Sound. Capitol Lake is a man-made lake, and in its absence, the Deschutes River would enter Budd Inlet directly via an estuary. The presence of Capitol Lake changes the nutrient levels entering Budd Inlet (mainly, an increase in organic carbon loading, and a reduction in inorganic nitrogen loading). Under reference conditions, the Capitol Lake input into the model was replaced by estimated reference nutrient concentrations for the Deschutes River (the flow was not changed).

Lake Washington, on the other hand, is a natural lake, and we did not make any changes to the Lake Washington boundary condition under reference conditions. While nutrient concentrations from Lake Washington would likely be different under reference conditions, the change would not be the same as what might be expected for a river since lake water quality dynamics are different. 

Appendix B2 includes time-series plots that compare existing (2008) and reference conditions for all nonpoint in the model.

Reference condition for regional point sources

In the absence of humans, there would be no human or industrial wastewater entering the Salish Sea via marine outfalls. Theoretically, however, the water component of wastewater effluent would still be entering the Salish Sea via rivers and streams rather than through outfalls. This is because most of the water that is directed to wastewater facilities first originated from natural water sources (e.g. rivers, streams, lakes, and groundwater). This water is extracted from its natural source, used by people for consumptive uses (e.g. washing dishes, flushing the toilet, doing laundry), and then sent to wastewater facilities through the sewer system for treatment. Once treated, the water is eventually returned to the natural environment via outfalls – in this case, into the Salish Sea.

In order to represent reference conditions for point sources, we retained effluent flows at existing levels but reduced the nutrient concentrations for each point source with the reference river concentrations estimated for that region. For example, if a particular wastewater facility was entering South Sound, then under the reference scenario, it was represented to enter the model at the same location as the existing outfall, with the same flows, but with concentrations represented by the average of all rivers entering South Sound under reference conditions.

Estimating reference conditions for point sources involved the following steps:

1. Point sources were grouped into the following Puget Sound regions based on which part of the Salish Sea the outfall was located: South Sound, Commencement Bay, Puget Main, Elliott Bay, Whidbey Basin, Strait of Georgia, Hood Canal, and Strait of Juan de Fuca.
2. River reference concentrations were averaged for each of the above regions for all nutrient parameters[footnoteRef:3].  [3:  Since Lake Washington was not changed under reference condition, its nutrient concentrations were excluded from this averaging step.] 

3. The average reference nutrient concentrations for each region (from Step 2) was assigned to all point sources that were grouped within each region.

The approach described above was used for all point sources – both wastewater treatment plants and industrial facilities with marine outfalls in the Salish Sea on the U.S. side of the border. It is important to note that some industrial facilities discharge very low levels of some nutrients, lower than reference conditions in rivers, and the reference nitrate concentrations are therefore actually higher than existing concentrations for these facilities.

Appendix B3 includes time-series plots that compare existing (2008) and reference conditions for all point sources in the model.
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