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PS/SS:   Stormwater loads trends
Estimated Cost:     $40,000
Oversight Group:   Sources Pathways and Loadings Work Group

Proposed by:          Aroon Melwani, Ben Greenfield, John Oram, and Lester McKee SFEI
Background

TMDLs have called for load reductions from urban stormwater via application of urban BMP and stormwater conveyance maintenance programs and other activities. There is presently no local knowledge on how long it will take to determine load reductions using available monitoring methods. A related question is how to most effectively measure stormwater load trends? Given that the Guadalupe River and the San Francisco Bay Hg TMDLs call for large load reductions of Hg and PCBs, as does the Bay PCB TMDL for urban watersheds in general, this region is appropriate for testing scenarios and determining the statistical power of observing trends. 
Plausible methods for determining the impact of load reductions include: 1. direct measurement of changes in loads or concentrations in the water column; 2. direct measurement of changes in biosentinels within the stormwater conveyance system (e.g., fish, birds); 3. monitoring concentrations in fine bed sediments of stormwater conveyance systems or associated urban lakes; and 4.  calculation and measurement of overall contaminant mass removed from the watershed.  These potential approaches each have relative strengths and weaknesses.  Direct measurement of stormwater conveyance load or concentration trends is impaired by extreme variability at multiple temporal scales, but has the advantage of direct association with a regulatory outcome. Biosentinel monitoring also ties directly to a regulatory outcome, and integrates temporal variation to some degree. Bed sediment concentrations may be confounded by grain size effects, changing sediment sources, and shifting depositional zones, but when designed correctly, have been used successfully in the past to indicate large trends. Urban lake cores have been successfully used by the USGS to determine decadal loads changes in both reference (atmospheric deposition only) and urban lakes (direct runoff). Finally, calculation of total mass removed within a watershed has been applied as an indicator in other areas. For example, in Western Australia (Peel Harvey Estuary) and Chesapeake Bay, fertilizer trends were tracked as an indicator of management success but disappointment grew when the downstream systems showed no response. In contrast, nutrient concentrations in Eastern European Rivers reduced dramatically with reduced fertilizer usage. 
Objective

The objective of the study is to evaluate stormwater loads trends indicators.  The focus of the comparison is which indicators would yield reliable and measurable trends in relation to loads reductions and water quality objectives in San Francisco Bay. Our study questions are:
Q1. 
Which direct and indirect indicators have been used successfully across the world to observe trends in urban stormwater loads? 

Q2. 
Under what management and monitoring circumstances are trends of improvement observed in urban systems and receiving waters in other parts of the world? 

Q3. 
What anticipated magnitude of change in loads or concentrations would be needed to observe a trend in the RMP priority loading monitoring sites
?

Applicable RMP Management Questions and Study Objectives
This study will address the following Management Questions (MQs):
3. 
What are the sources, pathways, loadings, and processes leading to contaminant-related impacts in the Estuary?

C. 
What is the effect of management actions on loads from the most important sources, pathways, and processes?

4. 
Have the concentrations, masses, and associated impacts of contaminants in the Estuary increased or decreased?

A. 
What are the effects of management actions on the concentrations and mass of contaminants in the Estuary?

Relationship of the Study to the SPLWG Priority Level III Questions and Current SPL List of Priority Contaminants

The special study proposed here directly addresses the trend components of three of the Level III SPL questions:

Level III SPL Question 2: 
What is the watershed-specific and regional total water flow, load of sediment, and load contaminants entering the Bay from the urbanized small tributaries and non-urban areas draining to the Bay from the nine-county Bay Area and are there trends through time?

Level III SPL Question 3: 
What is the long-term average and maximum load of Hg (total, methyl and reactive) entering the Bay from the Guadalupe River and is there an observable trend?

Level III SPL Question 4: 
What is the magnitude of contaminant loads entering the Bay from the Central Valley and is there an observable trend?

The study will focus on Hg and PCBs, the two highest priority SPLWG contaminants with the most local data. The question of trend is particularly important for a variety of reasons. As urban managers increase efforts to control sources, it will be important to track measurable successes and adaptively learn. In addition, tracking trends will provide important input into models describing physical changes and biological responses in the Bay. 
Approach
Review of applicable trend indicators

Study Question 1 and 2 (above) will be answered by a combination of literature review and review of methods being developed by local researchers (E.g., Josh Ackerman, USGS; Letitia Grenier, SFEI; Darell Slotton, UCD; and Holger Hintelmann, Trent University).  The review will focus on which direct and indirect indicators have been used and under what circumstances trends are observed.
Test trends using local data
Study Question 3 will be evaluated based on local data from the Guadalupe River, Sacramento River, and Zone 4 Line A. The area of the Guadalupe River watershed at our sampling location is 236 km2 below the reservoirs of which 80% is urban and <1% is New Almaden historic mines. Sacramento River includes five years of similar data collected from Mallard Island (154,000 km2; agriculture, open space and mining residues with minor urbanization).   Finally, two years of similar data were collected in Zone 4 Line A, a small 4.5 km2 100% urban watershed in Hayward. This study will evaluate feasibility and cost of trend determination in local watershed based on load data.

Based on the stated study objectives, statistical power to detect trends over time will be evaluated using the load datasets described in Table 1, as well as data on biota available from related RMP and collaborator programs. The design of each power analysis will be tailored to the study questions being addressed, which will include explicit estimates of temporal variation at multiple time-scales, effect size, and null and alternative hypotheses. The analysis will be performed using a Monte Carlo simulation program previously developed in Matlab (The MathWorks, Natick, MA) for power analysis and optimization of the RMP Status and Trends Program in 2006 (Melwani et al. 2008). The program simulates contaminant concentrations for expected time trends, with estimates of variability and effect size based on the current load data for various pollutants. 
The simulated data sets will then be statistically evaluated across a range of sampling designs and matrices (e.g., water, bed sediments, biota) to determine which designs would have a high probability of detecting significant trends. Linear regression analysis will be performed to determine slope and statistical significance (p-value). The proportion of results that exhibit statistically significant declining slopes (p < 0.05) will be used to determine statistical power. Power will be evaluated across a range of sampling designs, including varying sampling frequency, load/particle concentrations change scenarios (e.g., 90% decline in 20 years but to be defined with stakeholder input), and climatic variability.
Table 1. Available local water column loading data for addressing Study Question 3.

	Sampling Location
	Years of Collected Data
	Sample Size (n)
	Pollutant
	Additional Parameters

	Guadalupe River

(USGS gauge 11169025)
	4


	160
	Hg, PCBs
	SSC



	
	
	30 - 60
	PBDEs, MeHg, OC Pests, trace metals
	

	Sacramento River at Mallard Island
	5
	99
	Hg, PCBs, OC Pests, PAHs
	SSC

	
	
	30
	PBDEs
	

	Zone 4 Line A
	2
	80
	Hg
	SSC

	
	
	45
	PCBs
	

	
	
	40
	MeHg, trace elements
	

	
	
	10-20
	PAHs, OC Pests, PAHs
	


Proposed Budget

	Task
	Estimated Cost

	Review of applicable trend indicators and draft report section
	$20,000

	Analysis using local data and draft report section
	$15,000

	Address review comment and final report
	$5,000

	Total
	$40,000
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