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Workshop Description

Project Goal

The goal of the workshop was to develop a draft integrated monitoring strategy to evaluate the efficacy of stormwater management actions, assess the impact of stormwater on beneficial uses, and characterize the sources and influences of pollutants in stormwater.
Objectives

1) Create a monitoring strategy that can answer the ten assessment questions previously developed and vetted by the stormwater workgroup, stakeholders and citizens.

2) Document the process used to create the monitoring strategy
Workshop Structure and Approach

Stormwater monitoring experts and members of the Stormwater Work Group worked together to craft a draft monitoring strategy for each of the ten assessment questions during a 2-day meeting. A total of ~35 people participated on each day. Five of the technical experts were identified as ‘leads’ and were each responsible for capturing the ideas and recommendations for two of the assessment questions.  During the 2-day workshop, the group divided into working breakout sessions to develop information for each assessment question, which was captured by the leads using a similar format for each assessment question and compiled into this report. 

This document is the product of this process and includes the following sections for each of the 10 questions:

· Type of monitoring question

· Definitions of special terms (as needed)

· Hypotheses to be tested

· Experimental design 

· Data types and indicators

· Rationale

· Assumptions and caveats

· Range of cost

· A table of data types and their attributes

We adapted the idea of a Sprint workshop from the principles of Extreme Programming (www.extremeprogramming.org/). Within the context of software development, a sprint is a 2-5 day session during which developers work in small groups to build a subset of code. The work is completed on-site by the participants. We adapted the principles to our situation by working in small groups to produce a monitoring strategy that was complete in terms of addressing key aspects of every question, but unfinished in terms of all the specific detail needed for implementation.

The Conclusions section below provides participants ideas about next steps. Also included as appendices are: participants’ ideas about approaches to a peer-review strategy, features of a successful integrated monitoring program, and additional ideas and questions that came up during the workshop but were not resolved.

Workshop Process and Decisions

During the first day, participants worked in small groups to discuss the types of data and indicators that could be used to answer the assessment questions. Leads facilitated the discussions for one of their two questions during each session. As a group, we voted on the attributes of data types that would be important for choosing among different indicators. The attributes were

· ecological relevance

· link to management decisions

· repeatable and reliable

· sensitive to change

· logistically feasible

· conceptual relevance

· economic relevance

· do people care about it

· affordability, and timely return of data.

The first five attributes were selected as the most relevant and were used to define the column headings for the table of data types and indicators developed for each assessment question.

During the first day we discovered that although the groups were focused and engaged in the process, participants tended to identify a very long list of potential data types. These long lists of responses were perceived by the majority of the workshop participants as being too general to allow for focusing of the monitoring and assessment strategy. A recommendation was made to instead work from a specific hypothesis for each question and work down to the data needs. We modified the format of the final document away from an emphasis on a table to a product with subheadings and text for each question.

Throughout the workshop we grappled with the ideas of transparency, specificity, and prioritization for our final monitoring plan. The ten assessment questions are very broad and could be addressed in a variety of ways. Using the attributes to describe indicators and ultimately rank them had the potential to be a transparent process, but the large number of indicators meant that we could not use this approach to prioritize our list and isolate a specific subset of indicators. In contrast, using the hypotheses as a starting point was not as transparent in terms of objective criteria for selecting the best hypotheses, rather it relied on the best professional judgment of the group. This approach allowed the group to move to a more specific set of indicators and, as a group, prioritize what should be done first. We hope to add transparency to this process of selecting the best hypotheses through the process of peer review.

The engagement of the participants, the breadth of their experience, and their willingness to work on multiple assessment questions at once supports the idea that we are creating a strategy that integrates across agencies and funding sources. Our final product from the workshop has draft specific hypotheses for each assessment question in a format that can reviewed by the Stormwater Work Group and go to the next round of peer review and stakeholder engagement. Participants were unanimous in their interest in the fate of their work and the next steps in the process for developing an integrated stormwater monitoring plan.

Assessment Questions

Effectiveness 1. Among the most widely used practices and promising new practices that are available, what specific retrofits or restoration practices are most effective in reducing pollutant loads, restoring hydrologic function, and recovering damaged habitat?
· To what extent can retrofits and application of BMPs at redevelopment sites reverse past impacts? To what extent can the water and sediment quality and hydrologic conditions necessary to support beneficial uses of water bodies be restored in sub-basins that already have some degree of development? At what degree of development, or under what other specific conditions, is a particular retrofit strategy most likely to be successful?  

Effectiveness 2. Are our stormwater management actions preventing and reducing future disruption of natural hydrologic conditions and minimizing pollutant loads in areas of new development in Puget Sound?

· What is the effectiveness of subbasin-scale to watershed-scale combinations of stormwater management actions (techniques) at reducing impacts?  

Effectiveness 3. How effective are source control and other programmatic stormwater management practices in reducing pollutant loads from existing development and from other specific land use activities such as agriculture?

Impacts 1.  Where does stormwater significantly impact receiving waters, resources, species, or beneficial uses in the lowland streams, lakes, rivers, ground, and marine waters of the Puget Sound basin?  
· What is the current condition of streams, lakes, rivers, and nearshore marine waters, by representative land use? What are the worst spots, when, and why?

Impacts 2.  Where does stormwater significantly impact receiving waters, resources, species, or beneficial uses in the lowland streams, lakes, rivers, ground, and marine waters of the Puget Sound basin?  
· What are the impacts to biota?  

· What areas should be targeted for protection?

Impacts 3.  Over time, how effective are source control, prevention, and retrofit efforts?  Are beneficial uses improving in response to our stormwater management actions?

Characterization 1. How does land use influence pollutant concentrations, flow volumes, and loadings?  What land uses or land use combinations are of greatest interest for applying and improving our stormwater management actions? 

· What is the variability in stormwater pollutant concentrations and flow volumes by land use and geographic area? 

· What is the variability within and among WRIA level basins for similar land uses?

Characterization 2. What factors within a land use control pollutant concentrations and flow volumes? 

· How do differences in stormwater infrastructure (i.e., pipes versus ditches, developments built at different times under different standards) affect pollutant loads and flows from similar land uses?

· What proportion of the pollutant loads reach receiving waters and what are the explanations for the differences (i.e., due to losses)?

Characterization 3. What proportions of the pollutants in stormwater are from various sources such as air deposition and transport, spills, erosion and resuspension?

Characterization 4. What are the seasonal variations and long term trends in pollutant loads and what variables influence the temporal distributions? 

Table 1. Assessment Question number, type (Effectiveness, Impact, or Characterization), lead, short version, and type of monitoring.

	Num
	Type
	Lead
	Question (short version)
	Type

	1
	Eff
	Tobiason
	Which practices effective for reducing, 

restoring and recovering?
	Effectiveness

	2
	Eff
	Taylor
	Are new management practices effective?
	Effectiveness

	3
	Eff
	Lenth
	How effective SW management in 

existing land uses?
	Effectiveness

	1
	Imp
	Taylor
	Relationship between land use and 

biological condition?
	Status

	2
	Imp
	Booth
	Impact to biota and targets for protection?
	Status

	3
	Imp
	Lenth
	How effective source control, prevention 

and retrofit?
	Implementation

	1
	Char
	Tobiason
	How land use influence pollutant 

Concentrations?
	Diagnostic

	2
	Char
	Booth
	How do pollutant loads differ and why?
	Diagnostic

	3
	Char
	Plotnikoff & Brandenberger
	Proportions of pollutants from air, spills, 

Erosion?
	Diagnostic

	4
	Char
	Plotnifkoff & Brandenberger
	Temporal variability of pollutant loads?
	Trend


Monitoring Approaches to Assessment Questions

Effectiveness 1A, Retrofitting Wet Ponds

E1. Among the most widely used practices and promising new practices that are available, what specific retrofits or restoration practices are most effective in reducing pollutant loads, restoring hydrologic function, and recovering damaged habitat?
· To what extent can retrofits and application of BMPs at redevelopment sites reverse past impacts? To what extent can the water and sediment quality and hydrologic conditions necessary to support beneficial uses of water bodies be restored in sub-basins that already have some degree of development? At what degree of development, or under what other specific conditions, is a particular retrofit strategy most likely to be successful?  

Lead: Scott Tobiason

Type of monitoring: effectiveness

Definitions of special terms (as needed)

What is a retrofit?

Limited to structural BMPs and not source controls/operational BMPs, that is another question

Wet pond example and any other BMP needs definition. 

Hypotheses to be Tested

· Example of one operational statement: flow controls with significant retention times and/or dead storage (wet pools) and/or water quality wet ponds can result in adverse water quality impacts that can be mitigated by retrofits to remove the dead storage/wet pool and add the treatment function via a retrofitted BMP, such as media filtration. 

· Existing flow control or wet ponds can be retrofitted to improve water quality

· Testable hypothesis: Ho: retrofit type X to pond Y will not improve water quality parameter X.  [This hypothesis was selected because of ease of use in example and measurable outcomes, so rest of the elements below are centered around this hypothesis.]

Other hypotheses suggested: 

1. Existing wetponds can be retrofit to mimic natural (ecological) functions: Ho: retrofit type X to pond Y will not improve Coho smoltification (i.e. a biological endpoint rather than chemical endpoint as above).

2. A limiting scale exists beyond which no retrofits are possible to exert significant change: scale can be land, cost, other.

3. water quality parameter X from landuse Y in watershed Z is no different before and after retrofits

Experimental Design

· Literature review

· Determine site needs (access, hydraulics, landuse, stream type, proximity, likely biological endpoint (fish specie/life stage relevance-better to pick a retrofit to test where it is close to a stream with fish population/habitat of interest)

· Select sites based needs

· Select an approach: inlet/outlet difference for paired systems (treatment and control), start with typical BMP study design.  Also possible elements of BACI, upstream/downstream. [we chose in/out paired system because upstream/downstream adds complexity for receiving environment access and adds variables]
· Continuous monitoring in situ via Hobo/Tidbit for temperature, or use a datasonde to add more parameters such as pH, DO, turbidity, conductivity which would aid and bolster the analysis of water quality impact/improvement.  Chemistry samples not necessary given the in-situ measures of basic parameters would be sufficient indicators.  However, if possible, nutrients, sediments and metals would be desirable add-ons for additional evidence.

· Expand to biological endpoint by measuring smoltification of salmonid specie (i.e. Coho), but that may be hard and take several years to see improvements. Smolts outmigrate spring thru early summer during the initial periods of likely impact from stagnant wet pool discharge.  Mid-late summer periods of higher impact potential, but may be harder to find juvenile fish based endpoint to measure.

· [This is very general, and was difficult to drill down to anything more specific given available time]
Spatial and temporal scale

Space and time scales depend on number of variables to be controlled and not controlled in studies. 

Could be very large scale and very long time to get enough data to characterize variability

Scale should be tied with actionable outcomes

Data types & Indicators

· WQ in-situ measures: temperature, pH, turbidity, specific conductance

· WQ lab analysis: nutrients, bacteria, sediment, turbidity, key metals (only)

· Mosquito larvae (WNV)

· Flow data most likely useful: most systems will have orifice so stage can be measured and converted to discharge via orifice equation.

· Toxicity testing (acute daphnid 48-hr test, screening level) may be important need for screening any type of treatment system artifacts and benefits and unintended consequences such as removing beneficial hardness (Ca, Mg cations) while removing target cationic metals; adding an unknown toxicant associated with media; adding beneficial organic carbon or free ions that can complex with toxicants to reduce bioavailabilty; buffering pH by adding alkalinity.

· Collateral effects of any retrofit, in addition to toxicity, include nutrient release, disease vectors, etc, which are included to some extent in above indicators.

Rationale

· We have thousands of wet ponds installed throughout Puget Sound storm service areas, which can discharge “hot”, pollutant laden slugs of water after summer storms or other periods of prolonged retention.

· The above concern exists, but little info exists to inform extent and mitigation of issue.

· Wet pond dead pool water quality benefit is short lived, then has unintended consequence when flushed out with storm after sitting a long time between events/stagnating.

· The study generated by this hypothesis appears to have a big bang for the buck.

Assumptions & Caveats

· Hypothesis is for freshwater beneficial uses only

· Outcome should be stated in common terms digestible by the public (i.e. improve clarity vs. reducing TP or chl-a)

· Uncontrolled/unmeasured variables should be consciously identified and decided if excluding measurements adds too much uncertainty.

· Assume we can find paired systems suitable to test

· Assume outcomes are uniform and applicable across other similar systems, enough data/variability can be obtained for inference to broad array (robust experimental design)

· Colder groundwater influences are screened out, or magnitude of change is greater than cold groundwater influence

· Next step is to assess the specific receiving environment, at the right scale, cumulative impacts through a watershed/stream reach with multiple such ponds as opposed to lower risk areas.

· Need a daylight discharge to sample a discrete outlet (i.e. cannot monitor subgrade)

· Pathogens are not measured by fecal coliform, FC is only an indicator of potential human impacts (contact recreation), does not register aquatic pathogens (this is not specific to the hypothesis, but is a uniform higher level water quality mgmt and monitoring issue that the SWG should wrestle with improving, see WERF reports and literature).

· Pollutant speciation/phase change is likely important: input particulate P converting to soluble P over time in stagnant pool, which is then flushed out vs. the retrofit being applicable mostly to particulate P.

· If toxicity test fails, then some form of TIE would be prudent and may be required if study conducted under NPDES permit.

· Testing (data generated) should not jeopardize permit compliance, the type and nature of risk of proactively generating data is a general issue that may need consideration across all assessment questions.  Is there some immunity? Permission to try and fail?  Consider citizen suits and risk of data being used as evidence of standard exceedances and 303(d) listings.

· Suitability for type of retrofit: permits needed, retrofit assumes sufficient hydraulic head exists, because treatment systems for retrofit interest typically require a foot or two of head across the system, so cant test ponds with no head across.

· Socioeconomic values would be prudent to address

· Sampling methods and types are not part of this question but are extremely important, flow weighted composites are probably only suited to certain contexts and other methods would be needed. Stated design would rely mostly on continuous in-situ data for temperature.  

· Various loading estimation methods and summary metrics exist and appropriate choices need to be selected if loadings used as a metric. Certain methods may be allowed or restricted (use consortiums SOP?)

· These may not be all the relevant assumptions and caveats

Range of Cost

Low end to medium: $25K to $50K for simplest scope for one or maybe a couple more locations to be tested, based on simplest indicator (i.e., temperature) and maybe a few grab samples for nutrients, add $20K for using datasondes and added parameters.  Capital cost of retrofit in addition to this.  Broadening to larger scale and added inferential power adds cost quickly for more locations and logistics.

Table 2. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	WQ
	In-situ temp (+ pH, cond, DO, turb via datasonde)
	H
	H
	H
	H
	H

	
	Fecal coliforms
	L (highly variable)
	Low because of field variability, but

High in lab method
	Med

High for shellfish but shellfish not ben use in fw stream, except mussels
	Low: is not pathogen directly
	H (easy grab samples)

	
	Nutrients: SRP, TP,

TN, NOX, NH3
	H
	M
	M (depends on receiving water issue)
	M (depends on receiving water issue
	H

	
	Acute toxicity (48 hr daphnid screen)
	H
	H
	H
	M (may be other issues than due to retrofit, i.e. influent quality)
	H

	Flow
	Stage 
	H
	H
	H
	M
	H


Effectiveness 1B, Retrofitting Where No BMPs Exist

Lead: Scott Tobiason & Mark Ewbank

Type of monitoring: effectiveness

Definitions of special terms (as needed):

What is a retrofit?

Subbasin (scale)

What is redevelopment? Define specifics of redeveloping properties

Hypotheses to be Tested:

1. Retrofitting stormwater BMPs into built environment where no BMPs exist – scale of retrofit strategy to effect beneficial downstream effect. Look at neighborhood scale.

2. Null hypothesis: “There is no difference between WQ resulting from current practice vs retrofitting with effective BMPs”

Experimental Design

Paired subbasin comparison – unredeveloped control subbasin vs redevelop test subbasin

Pick subbasin where rapid redevelopment is expected as the test subbasin

Both test and control subbasins are adjacent - draining to same stream, and socioeconomic conditions are similar in both subbasins

Monitor at outlet of each redevelopment area

Data types & Indicators

WQ: temperature, TSS, pH, nutrients, bacteria, D.O., key metals, pesticide(s)?

Flow – peaks and volumes (continuous data to use for whatever flow indicator desired)

Habitat indicators – B-IBI, stream sediment characteristics

Rationale

Redevelopment is major avenue for enacting beneficial stormwater change in the future. Results can be scaled to other areas of Puget Sound.

Can offer direct feedback for decision makers to constituency

Assumptions & Caveats

Similar soils, topo, etc. in subbasins

Similar demographics in each subbasin

Range of Cost

Relatively low (~$100,000/yr)

Table 3. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	WQ
	Various
	H
	H
	M
	M
	H

	Flow
	
	H
	H
	M


	M
	H

	Habitat
	
	
	
	
	
	


Effectiveness 2, Stormwater Management and New Development

Are our Stormwater management actions preventing and reducing future disruption of natural hydrologic conditions and minimizing pollutant loads in areas of new development in Puget Sound?

· What is the effectiveness of subbasin-scale to watershed-scale combinations of stormwater management actions (techniques) at reducing impacts?

Lead: Bill Taylor

Type of monitoring: Effectiveness

Definitions of special terms (as needed)

· 1.  What is a new development:   Does not include retrofits.  

· 2.  What BMPs are captured by this question:   

· 3.  LID:  permeable paving, bioretention, rain gardens, etc. also conserving land (managing land, reducing soil compaction.)

Hypotheses to be Tested

Ho: Natural Drainage Systems do not moderate hydrology.  

Ha:

Ho: 1.  Numerous wet ponds distributed across  landscape over time will export/generate nutrient sources rather than reduce

Ha

Ho: Outflow from a stormwater pond will not mimic the regime of a natural system.  

Ha

Ho:  End of pipe WQ treatment versus reducing flow is a better water treatment tool.  

Ha:

Ho:  An LID policy in new developments does not improve water quality and reduce peak discharge in a subbasin scale.  

Ha:

Ho: Individual LID practices do not improve water quality.  

Ha:

Ho: 2.  Use of ponds with filter media rather than “wet, dead” storage in detention ponds is more effective at:  reducing temperature of discharged water, removing nutrients from pond discharges over time, removing other pollutants.  

Ha:

Note: Pose hypotheses linking indicators to beneficial uses.  

Ho:  Our conventional stormwater flow control practices (i.e., ponds and vaults/tanks per “the manual”) are not preventing adverse hydrologic and geomorphic effects in streams - based on long-term evaluation data 

Ha:

Ho: Stormwater BMP policies do not influence public opinion

Ha:

Experimental Design

· Apply pond hypotheses 1 and 2 to paired watershed design to address cumulative incremental impacts (input from Bill Taylor)

· Assess available data to address some of these hypothesis 

· Extrapolate (model) the sub basin interventions to a larger scale.  

· Paired watershed study.  

· Instead of a paired watershed design, compare data results to an expected (modeled result)

· Test individual BMPs

· Test combinations of BMPs

· Testing BMP performance for different design criteria

· Long term study of flow changes (i.e. ,20 yr)

· Begin at larger scale (receiving water) to determine extent of hydrologic change (i.e., flow reduction) needed to mitigate adverse impacts, then translate to local scale to determine level of flow control needed at individual development sites (a la TMDL approach). 

Spatial and temporal scale assumption

Want to address or state level of confidence or scale of signal, you want to derive the amount of data needed.  

Data Types & Indicators

· Hydrology statistics (peak flow, durations, mean flow, etc.)

· SRP, TP, temp, TSS, dissolved metals

· Turbidity can be used as surrogate for pollutant concentrations if focused testing is done at many locations to establish local “rating curves” with TSS for those relationships.

Rationale

Stormwater runoff is adversely affecting aquatic life

To date BMPs haven’t been effective enough - understanding of what makes BMPs effective is needed for applying at regional scale

Indicator parameters are surrogates for effects on biology and beneficial uses - a strong connection is needed between indicators and beneficial uses

The change in hydrology is important (change in the indicator).  

These indicators are being used as a surrogate to identify a negative impact on beneficial uses. 

Paired watershed approach could yield good bang for the buck

Modeling and monitoring of development site runoff cannot currently be scaled accurately from site scale to basin/watershed scale to enable determination of hydrologic and water quality performance of different site-scale stormwater flow control and treatment BMPs on the downstream receiving water. More research is needed to refine legitimate/accurate scaling of site-scale effects to watershed-scale effects using modeling methods.

(Note related to rationale described above: Need to state level of confidence or scale of signal desired because it drives amount of data needed)

Assumptions & Caveats

Some of these hypotheses can be answered using current data.  

There is going to be a regulatory movement to get away from traditional management practices to LID.  

We are choosing these indicators because we are assuming they are important to biology and beneficial uses.  

Modeling will necessarily be needed as basis for management decisions.

Altered hydrology and resultant geomorphic changes are important to biology and beneficial uses even if, in some cases, not exactly known how

Level of confidence for management action is dependant on strength of correlation / indicator variance

Range of Cost

No cost estimates were generated at the workshop

Effectiveness 3, Source Control and Programmatic Practices

How effective are source control and other programmatic stormwater management practices in reducing pollutant loads from existing development and from specific land use activities such as agriculture.

Lead: John Lenth

Type of monitoring: Effectiveness

Definitions of special terms (as needed)

Source control can be regulations or educational outreach efforts for the prevention and/or removal of pollutants.  Examples include product bans, IDDE programs, and community education programs on pesticides use.   

Source control can also involve the physical removal or sequestering of pollutants near their source.  Examples include street sweeping, crop management practices that prevent soil erosion, and low impact development stormwater treatment systems (e.g., rain gardens).

Hypotheses to be Tested

Ho:
Source control activity X is not effective at reducing pollutant loads/concentrations.

Ha:
Source control activity X is effective at reducing pollutant loads/concentrations.

Ho:
Source control activity X is not effective at reducing the peak flow rate and volume of stormwater runoff that is discharged to receiving waters.

Ha:
Source control activity X is effective at reducing the peak flow rate and volume of stormwater runoff that is discharged to receiving waters. 

Ho:
Source control activity X is not effective at improving biological integrity within receiving waters for stormwater runoff.

Ha:
Source control activity X is effective at improving biological integrity within receiving waters for stormwater runoff.

NOTE: If the source control activity will we implemented over a large scale, it will be impossible to directly test these hypotheses.  In such cases, it might be possible to quantify the mass of pollutant removed and then infer a benefit within the receiving water.

Experimental Design

Evaluating the effectiveness of source control and programmatic stormwater management practices might be performed using one of two approaches depending on the circumstances:

1. Develop a hypothesis for the expected response within the receiving water and then conduct monitoring to test that hypothesis.  For example, it might be hypothesized that a ban on fertilizers within a watershed will result in decreased phosphorus concentrations within a particular waterbody.  A monitoring program would then be implemented to test that hypothesis.

2. Instead of looking for a response within the receiving water, the amount a pollutant removed from a system through a particular practice would be quantified and the corresponding water quality benefit inferred.  For example, street sweeping effectiveness might be evaluated based on the mass of pollutant removed from streets as opposed to a reduction in pollutant concentrations and/or loads within the receiving water.  This approach would be used if the response within the receiving water is expected to be subtle and/or difficult to detect.      

If the source control action will be implemented on a small scale with relatively localized impacts, than option “1” should be considered.  If the source control action will be implemented on a large scale with broad impacts, then option “2” must be utilized.

When implementing option “1”, it will likely be difficult to detect an expected response within the receiving water amongst all the background “noise”.  Due to this consideration, one of the following controlled experimental designs will likely be required:  

· Paired “treatment” and “control” basins with and without the source control action, respectively.

OR

· Baseline monitoring in a single basin followed by a phased implementation of the source control action.   

Data types & Indicators

The nature of the source control practice will drive data type and indicator selection.  For example, if the source control measure were a ban on phosphorus containing fertilizers, the following data types and indicators might be appropriate for monitoring:

	Data Type
	Indicator

	Water Samples
	Phosphorus concentration

Chlorophyll a concentration

	Algae
	Algae density and species composition


Rationale

Source control practices are often the most cost-effective means for reducing pollutant loads.

Assumptions & Caveats

· Monitoring should focus on source control measures that are anticipated to be the most cost effective.  

· When monitoring source control practices that involve human behavior (e.g., educational efforts to encourage pet waste management), the measure of success must be chosen carefully.

· Source control practices that involve legislative action must be conducted at appropriate scale.  For example, a ban on fertilizer sales in a specific watershed will be ineffective if the fertilizer can be easily imported from a nearby area.  Too be effective, this type of source control practice would have to be implemented over a very large scale.

· Seasonal influences will need to be considered when monitoring the effectiveness of source control measures.  For example, the benefits of a pesticide or herbicide ban might only be observed during certain growing cycles within the year.

Range of Cost

To be determined.

Table 4. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Water samples
	Pollutant concentration and/or load
	Low/Med


	High


	High


	Med/High


	Low to Moderate Feasibility

	Stream gauging
	Peak flow and/or volume volumes reductions
	Low/Med
	High
	Med
	High
	Low to Moderate Feasibility

	Behavior measures
	Sales data
Opinion surveys
Compliance with regulations (e.g., business inspections)
	Low
	Low
	Low
	Low
	Moderate to High Feasibility


	Biological metrics
	B-IBI
F-IBI
Bioassays  
Freshwater clams
	Med/High


	Med/High
	Low/Med


	High
	Moderate Feasibility



	Satellite/GIS
	Landuse changes
	High
	High
	High
	High
	High Feasibility

	Existing Literature
	Pollution prevention data
Water quality improvement data
	Med
	Med
	Med/High
	Med
	High Feasibility


Impacts 1, Receiving Water Current Conditions

Where does storm water significantly impact receiving waters, resources, species, or beneficial uses in the lowland streams, lakes, rivers, ground, and marine waters of Puget Sound basin?

What is the current condition of streams, lakes, rivers, and nearshore marine waters, by representative land use? What are the worst spots, when, and why?

Lead: Bill Taylor

Type of Monitoring: Status

Comment: Baseline with focus on identifying land uses that produce the worst water quality

Many different indicators and defined differently

Focus on beneficial uses

Study controls make for more compelling studies

What is timeframe that we’re talking about with this question? 

Hypotheses should relate around biologic integrity

Special Terms

“Significantly impact” = significantly impair beneficial uses

Esthetics of beneficial uses

“Representative land use”

Hypotheses to be Tested

· Across the land uses tested there are no differences among B-IBI scores.

· Storm water discharge has no affect on the benthic community

· Different geographic areas affect Puget Sound equally

· All parameters will affect Puget Sound equally/of equal importance throughout Puget Sound. Also relates to location within a watershed. 

· Shellfish harvesting is impossible in urban embayments

· Conventional parameters remain stable and same across land uses

· Various land uses don’t affect hydrologic regime

· Is current Ecology treatment standard of 80 percent removal of TSS adequate

· Position or location within a watershed does not affect stormwater impacts to receiving waters. Proximity of certain land uses and development to marine waters has no affect on beneficial uses.

· Pollutant concentrations are the same no matter the dry antecedent period.

· Increased public education will lead to improved benefic uses within watershed.  

· Lakes in watersheds with a certain imperviousness are not more impacted by stormwater than those in lower impervious areas. 

· Stormwater does not affect swimming access (by land use, by contaminant). No correlation between land use and swimmability. 

· Degradation of certain beneficial uses is not correlated to certain land uses. 

Experimental design

Incorporate control into design is very important

Control sites need to be in proximity to test site

Trend tracking (ambient monitoring w/Ho: conventional parameters. Are not changing over time)

Data types/Indicators

Benthic invertebrates/B-IBI (index and indicator)


Trophic state

Macroalgae

Liver lesions in marine flatfish

Contaminants in sediments (nearshore and freshwater)

Stream flow

Habitat condition

Conventional parameters (temp, DO)

Rationale

Controlled study makes a more compelling study.  Control establishes benchmark.  B-IBI most sensitive measure available of support of aquatic life

Most important: TRENDS BEFORE AND AFTER

Assumptions & Caveats

Assume “beneficial uses” refers to protection of aquatic life

Biological function/Ecological function

Impact depends on pollutant

Focus on effects on small streams and Puget Sound

Tapping into historical datasets

Impacts 2, Where and What are Stormwater Impacts on Biota

 Where does stormwater significantly impact receiving waters, resources, species, or beneficial uses in the lowland streams, lakes, rivers, ground, and marine waters of the Puget Sound basin?  
· What are the impacts to biota?  

· What areas should be targeted for protection? (note that our group never got to this bulleted question)

Lead: Derek Booth and colleagues

Type of monitoring: Status

Definitions of special terms (as needed): 

Stormwater is storm-generated runoff.  Receiving waters are surface water (fresh and marine) and groundwater.  Impacts to biota can be either direct or indirect and are reflected by biological response (physiological, population, behavioral).

Hypotheses to be Tested: 

1. Human populations that rely on fish and other seafood as a subsistence level of eating are impacted by stormwater-derived toxins in fish and shellfish.  Focus on resident species (to keep the influence local) and the concentrations of PCBs (because PCBs are stormwater input in contrast to e.g., mercury from air deposition).

2. Biota are impacted (as measured by changes in B-IBI) by changes to flow regime from residential land conversion on small streams (note biota come in many flavors, and not all of them will be necessarily tested).

3. Recovery in rural streams is much faster than recovery in urban streams subject to the same investment in rehabilitation (not really an “impact” hypothesis).

4. Stormwater washoff of pet and waterfowl fecal matter in residential areas is a significant cause of stream “closures” due to fecal coliforms. 

5. Fine sediment loads in urban streams mobilized by stormwater reduce spawning success in salmonids (or, reduce invertebrate community diversity).

6. PAHs in stormwater negatively impact developing salmonid embryos in urban streams.

7. Water-level fluctuations in wetlands due to stormwater inputs negatively affect amphibians.

8. Variability in channel geomorphology of small lowland streams is more important than variability in land use with respect to in-stream conditions of sedimentation.

9. Chemical contaminants in water bodies are directly affected by the immediately adjacent urban land use. 

Note that the following elements depend on the hypothesis being tested, not the overarching question being addressed.  Our group did not fill out each of these elements for each potential hypothesis.

Note also that in the list of hypotheses above, there is no particular order of priority (or even of need).  For example, #2 is probably sufficiently demonstrated already to require little or no additional study.   #3 is important for someone doing prioritizing of restoration efforts but is otherwise of little interest to most.  Most of these hypotheses would also need separate indicators of the “drivers” and the “response variables” (see write-up for C2), but this group didn’t get that far.

Experimental Design

We did not reach this level of specificity.

Spatial and temporal scale

Hypotheses are more difficult to test on larger scales.  Most of these hypotheses were conceived/conceptualized at the scale of a neighborhood or small watershed (~10 ha–a few km2), but there was little explicit discussion of this.

Data types & Indicators

See below.

Rationale  

The first two hypotheses and 4–7 are well grounded in the scientific literature of stormwater.  The third is speculative but has a reasonable basis, and it has significant consequences for management alternatives being discussed in the region.  Eight and 9 were late additions and their motivation was not well captured in the notes for our group.

Assumptions & Caveats  

We are focusing only on biota, assuming that broader issues of “beneficial uses” are covered under I1.  Our overall approach is broadly “representative” rather than “comprehensive” for any given impact and/or response—in other words, we make the assumption that significant variability in a given tested response will probably provide a reasonable proxy for a suite of other responses that do not all need to be tested or proven independently.

Those indicators with an “L” sensitivity are immediately suspect, and they suggest that they are products of a stuffed ballot box for favorite-vegetable voting.  What’s the point of an indicator that isn’t sensitive to the phenomenon being explored???

Range of Cost

Our group never reached this level of specificity.

Table 5 (incomplete). Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility.  
	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	
	Flow variability metrics
	H
	H
	L-M
	H
	H

	
	shellfish 
	H
	H
	H
	L (H for people)
	H

	toxics
	
	L
	H
	H
	H
	M (cost)

	metals
	
	M (little data)
	H
	L
	H
	M

	
	species diversity (wetlands, suburban-urban, flow)
	H
	L-M
	L-M (ESA-listed species)
	H
	M-H (cost)

	
	Total P (lakes, rural/ag, nutrients)
	L
	H
	M
	H
	H

	
	Total P (lakes, residential, nutrients)
	L
	H
	H
	H
	H


Impacts 3, Change in Beneficial Uses Over Time Due to Stormwater Changes

Over time, how effective are source control, prevention, and retrofit efforts?  Are beneficial uses improving in response to our stormwater management actions?

Lead: John Lenth

Type of monitoring: Implementation

Definitions of special terms (as needed)

Source Control: management activities that attempt to remove or sequester pollutants near their point of origin.  Examples include street sweeping, LID treatment technologies, and crop management activities that reduce soil erosion.

Prevention: management activities that prevent the release, distribution, or application of pollutants.  Examples include a ban on fertilizer use in a watershed or the removal of lead from gasoline.  

Retrofit: management activities that remove pollutants after they have entered the stormwater conveyance system.  Examples include “end-of-pipe” treatment systems such as wet ponds and proprietary stormwater BMPs. 

Hypotheses to be Tested

Ho:
Source control and/or retrofit efforts are not effective at reducing pollutant loads/concentrations.

Ha:
Source control and/or retrofit efforts are effective at reducing pollutant loads/concentrations.

Ho: 
Source control and/or retrofit efforts are not effective at reducing the peak flow rate and volume of stormwater runoff that is discharged to receiving waters.

Ha: 
Source control and/or retrofit efforts are effective at reducing the peak flow rate and volume of stormwater runoff that is discharged to receiving waters. 

Ho:
Source control and/or retrofit efforts are not effective at improving biological integrity within receiving waters for stormwater runoff.

Ha:
Source control and/or retrofit efforts are effective at improving biological integrity within receiving waters for stormwater runoff.

Experimental Design

Detecting improvements in beneficial uses can be difficult given the need to detect a subtle “signal” amongst all the “noise”.  Due to this consideration, one of the following controlled experimental designs will likely be required:  

· Paired “treatment” and “control” basins with and without stormwater management actions, respectively.

OR

· Baseline monitoring in a single basin followed by a phased implementation of stormwater management actions.   

Monitoring would need to take place in a large number of basins within different geographic areas to capture variability in the results stemming from differences in soils, climate, and land use.

To detect statistically significant patterns in the data, monitoring will need to occur for over a number years.

Efforts should be made to capture extreme and/or episodic events that may have large ecological significance (e.g., seasonal first flush, extremely large precipitation events).

When using a paired basin approach, monitoring should be conducted over a training/calibration period to evaluate the comparability of the control and treatment basins before the addition of stormwater management actions.

Data types & Indicators

Certain stormwater management actions will not target all parameters equally.  Specific indicators for monitoring will need to be derived by considering the expected benefit of each stormwater management action.  Example data types and indicators include:

· Flow: peak discharge, flow volume, flow duration 

· Water Quality: suspended solids; nutrients (phosphorus, nitrogen); metals (copper, lead, zinc); representative organic contaminants (PAHs, herbicides); fecal coliform bacteria; total dissolved solids; hardness; temperature; dissolved oxygen

· Biological Indicators: B-IBI; F-IBI; bioassay (in-situ trout embryos)

· Water Body Regulatory Status: 303d listings, shellfish closure listings

Rationale

Puget Sound is already impaired due to existing development; therefore, cleanup efforts will need to involve source control, prevention, and retrofit efforts in these areas in order to have any meaningful impact. 

Assumptions & Caveats

· Prevention efforts need to be implemented on a very large scale in order to be effective.  Due to this consideration, it is generally not practical to evaluate their effectiveness through a controlled experimental design.  Thus, monitoring efforts should focus on source control and retrofit efforts.  Improvement to beneficial uses from prevention efforts will need to be inferred. 

· Beneficial uses, as defined in the water quality regulations, cannot be directly measured.  Instead, improvements to beneficial uses must be inferred based on a limited suite of indicators (e.g., B-IBI scores).  However, these indicators may have low sensitivity to water quality and flow improvements that are realized through source control and/or retrofit efforts due to the influence of other limiting factors (e.g., impaired riparian habitat).  

· Large, regional stormwater treatment systems are difficult to build within existing developments due to limited land availability.  Therefore, monitoring efforts should focus on treatment systems having a small footprint (e.g., ultra-urban stormwater BMPs).  These systems will be more widely applicable for stormwater retrofits within the built environment. 

· To limit confounding influences on the monitoring data, spatial scale of monitoring will need to be carefully considered.

· In all monitoring of source control and retrofit efforts, a large n-value will be required to parse out the signal of interest from background noise. 

· Monitoring will need to control for potential changes in land use and/or human behavior over time.  Monitoring will also need to account for variability in the results that stem from differences in regional geology and climatic patterns.

· Source control practices that involve changes in human behavior (e.g., voluntary restrictions on pesticide use) are difficult to quantify; therefore, hypothesis related to these efforts will be difficult to test.  

· Modeling may be a useful tool to compliment monitoring.

Range of Cost

To be determined.

Table 6. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Water samples
	Concentration and load reductions (TSS, nutrients, metals, representative organics, fecal coliform bacteria, TDS, hardness, temp, DO)
	Med


	Med/High


	High
	Med


	Low to Moderate Feasibility



	Stream gauging
	Peak discharge, flow volume,  and/or volume duration
	Med


	High
	High
	High
	Low to Moderate Feasibility

	Biological metrics
	B-IBI
F-IBI
Bioassays  
Freshwater clams
	Med/High


	Med/High
	Med


	High
	Moderate Feasibility



	Regulatory Status
	Shellfish closure listings
303d listings
	Low


	Low
	High
	Med


	High Feasibility


Characterization 1, Stormwater Variability by Land Use and Area at Different Spatial Scales

C1. How does land use influence pollutant concentrations, flow volumes, and loadings?  What land uses or land use combinations are of greatest interest for applying and improving our stormwater management actions? 

· What is the variability in stormwater pollutant concentrations and flow volumes by land use and geographic area? 

· What is the variability within and among WRIA level basins for similar land uses?

Lead: Scott Tobiason

Type of monitoring: Diagnostic

Definitions of special terms (as needed):

· Land use, 

· Activities as distinct from types of impervious surfaces

· intensity of uses and activities

· materials and finishes (types of impervious surfaces)

· different types of assessor/tax basis for land use characterizations, which are different than photogramatically determined cover classes

Hypotheses to be Tested:

3. Ho: Landuse 1= landuse 2 = landuse (i) for concentrations of pollutant X (for loads of pollutant X) and flow volumes, based on landuse characterization method X (remote sensing vs. tax parcel basis and lumping/splitting schemes).

4. Ho: Model X does not predict  pollutant X from landuse Y within a certain factor of observed

Experimental Design

a. Literature review (there has been a ton of work pursuant to this question over the past few decades: NURP, BURP, NSQD, gray literature and so certain aspects of the question may have sufficient answers, while certain land uses or activities at certain scales in certain regions may indeed really need to be assessed).

b. Calibration check (landuse verification, model calibration)

c. Paired watershed approach

d. Segregate watershed into discrete landuses and assign identity to each (polygons, but size is often an issue)

e. Randomly select landuses using appropriate mesh size and shape

f. Or, pick known locations with existing good study factors (access, data set, etc) in a targeted approach (harder to infer)

g. Or could pick very discrete landuses and scales not likely to change

h. Water quality measures could be simplified by using surrogates established, i.e. turb=TP=TSS via correlation equations, which would need to be established and used only where statistically significant.

Spatial and temporal scale

· Space and time scales depend on number of variables to be controlled and not controlled in studies. 

· Could be very large scale and very long time to get enough data to characterize variability

· Scale should be tied with actionable outcomes

Data types & Indicators

How roads are connected to receiving environment

(see table, a wide range is possible and hard to pin down given the available time and without a clear study scope and context)

Rationale

· Mgmt actions can be focused on most important landuses, biggest bang for the buck, match treatment to landuses.  

· Landuse and impacts could be the basis for enforcement and utility fees.  

· Responsibilities can be assigned and changes affected

· Can lead to predictive model for future growth (which improves on what we already have? There are lots of models)

Assumptions & Caveats

1. What level of lumping and splitting of land uses is best? What methods exist and are best suited?

2. Toxicology characterization is not part of this question and is covered in other questions

3. Outcomes should be actionable for scale and landuse

4. Assumes land use definitions can be discretized and characterized accurately and sufficiently

5. Need to reduce noise from unmeasured variables

6. Spatial variability can be high so may need many replicates within landuses and within WRIAs/watersheds

7. Spatial scale will limit studies

8. Social context: outcome of mgmt decisions should be anticipated and different (urban vs rural): can’t be all stick (need some carrot)

9. Age of infrastructure can be important variable, can it be characterized and tested?

10. Key assumption of this question is that we don’t know enough already from regional/national experiences (NURP, BURP, NSQD) and that we need a local calibration, that we can get enough data in time to inform decisions that make a difference in lieu of taking on actions now for well known land use derived water quality and flow impacts. A lot of relevant data sets exist and can be used in lieu of sample collection, see NSQD and NAS/NRC report

11. Landuse and activities are static during monitoring/modeling period

12. Could be a large data set over long time

13. Permission and access to desirable sampling locations will be granted

14. Many variables within a landuse can determine impact, not just a lumped landuse category, i.e. medium density residential.

15. Materials and finishes vs activity (i.e. road with same ADT but different  amounts of galvanized infrastructure)

16. Water quality fate and transport not characterized so findings at limited scales may not be relevant to beneficial uses unless the scale tested is related to the receiving waters (i.e. nodes high in the watershed vs entire watershed at “pour point”).

17. Multiple means of characterizing landuses exist and several may need to be tested: e.g. “Anderson” method, etc. 

18. Concentrations may be similar among similar landuses for given storm depth/duration but annual loadings will be function of hydrographic situation: parking lot in Sequim vs parking lot in Olympia may have same concentrations of pollutant but loadings higher in Olympia because of higher rainfall.

19. Credibility of hypothesis decreases with scale because of complexity added from confounding variables.  To be robust, the power should be sufficient to draw inferences to useful scales of development (amendable to management).
20. enough storm and baseflow samples will need to be collected and appropriately representative, sampling methods and types are not part of this question but are extremely important, flow weighted composites are probably only suited to certain contexts and other methods would be needed.

21. various loading estimation methods and summary metrics exist and appropriate choices need to be selected, used and allowed or restricted (use consortiums SOP?)

22. parameters would depend on stream/lake/estuary and be prioritized by watershed/impact/risk. Concentrations would need to be measured over appropriate time periods (e.g. acute and chronic exposures vs non-toxicants like nutrients, sediments).  Appropriate instruments/detection limits used. Precision and bias need to be known and appropriate for each measure. Pollutant phase/state depends on issue at hand for landuse and impact (dissolved vs total vs particulate)

23. Appropriate spatial scale for rainfall needs to be used/available (Thiessen polygon),. Concentrations and loads for un-characterized landuses may or may not be assumed to be similar to those that are characterized, based on rainfall regions/isohyets.

24. Land use types derived from landsat/airphotos: resolution and interpretation need to be consistent, sensitive enough within a cover class. Landuses may or may not be segregated/aggregated in a few finite groups for testing. Stormwater practices within land uses may or may not be uniform. Land cover relationships to beneficial uses will be different (i.e. bull trout vs other salmonids) 

25. drainage patterns/connectivity will need to be characterized for road density classes

Range of Cost

Likely very high to overcome time and space variability to discern differences

Table 7. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Land use
	Age of infrastructure
	Med
	Med
	Med
	Med
	Med

	
	Density of development
	Low
	High
	High
	Med-high
	high

	
	Impervious surface type (road, roof, parking lot, etc)
	High
	High
	med
	med
	High

	
	TIA (total impervious area)
	High
	High
	High
	High
	High

	
	Effective impervious area (EIA)
	High
	Med
	High
	High
	low

	
	Activity & intensity of activity
	Med
	Med
	Med
	High
	High

	
	landcover-remote sensing/satellite/air photo
	med
	med
	med, because zoning, GMA & politics determine not water quality
	high
	high

	
	assessor data
	high
	Low
	high
	med
	high

	
	Tax collector data
	High
	
	
	
	

	
	actual land use
	high
	med
	med
	med
	med

	
	road density
	high
	high
	high
	high
	high

	Flow
	15 min Q
	high
	med, depends on hydraulic sections
	high
	high
	high

	
	Qdaily avg
	
	
	
	
	

	
	Qbaseflow
	
	
	
	
	

	
	Qstormflow
	
	
	
	
	

	
	Qpeak
	
	
	
	
	

	Weather
	rainfall
	low
	high
	med
	med
	high

	
	rainfall intensity-1hr
	
	
	
	
	

	
	rainfall intensity-other summary periods
	
	
	
	
	

	Water Quality
	in-situ measures (pH, temperature, DO, turbidity, conductivity, etc)
	high-low depends
	high
	high
	high
	high

	
	lab measures (phys/chem)
	high-low depends
	med-low
	high
	high
	high-low depends

	
	toxicology
	
	
	
	
	

	
	surrogates (e.g. continuous turb for TP, TSS)
	
	
	
	
	


Characterization 2, Factors Within Land Use Controlling Stormwater

What factors within a land use control pollutant concentrations and flow volumes? 

· How do differences in stormwater infrastructure (i.e., pipes versus ditches, developments built at different times under different standards) affect pollutant loads and flows from similar land uses?

· What proportion of the pollutant loads reach receiving waters and what are the explanations for the differences (i.e., due to losses)?

Lead: Derek Booth and colleagues

Type of monitoring: Diagnostic

Definitions of special terms (as needed)

Land use—characterization of human activities on the land surface.  Stormwater infrastructure—the system that conveys stormwater, stormwater control measures; these include pipes, ponds, ditches, LID components.

Hypotheses to be Tested: 

1. Under the same land use (e.g., road drainage in a residential land use), there is a significant difference in the load of dissolved metals pollutant(s) (or toxicity) when conveyed in a pipe vs. a ditch.

2. Pervious pavement results in “significant” (in a statistical sense, not a biological one) decreases in PAHs and high-flow durations compared to a conventional detention pond.

3. In a residential development, the redirecting of runoff from impervious areas onto unpaved ground (or permeable pavements, or bioretention) results in a reduction in flow volumes and/or pollutant concentrations and/or toxicity 

4. Impervious area close to a receiving water body does not have a significantly different influence on flow volumes and pollutant loads relative to impervious areas far from the receiving water body. 

Experimental Design (by hypothesis)

1. Review existing literature—this has been done many times over.  Pipe and ditch on the same system; have pipe upstream of the ditch, and measure at top, junction, and bottom.  Need to characterize multiple soil types (4?) to capture natural variability in the landscape.  Veg coverage and type (4 classes?), gradient (3 classes?).  Replicates x 3; result is ~100 sites.  Maybe meta-analysis of existing data would show that much of this is already done.

2. Large enough size to require R/D (e.g., a Costco parking lot); probably need 3 soil types to fully characterize PS-wide conditions.  Do need to characterize subsurface water.  Measurement of surface flow out of the pond is easy.  For permeable site, still just look at the surface runoff.  However, some subsurface monitoring (well) would be prudent to add additional information.  Only needs one “typical” year’s rainfall to achieve the goal of characterization.  Longer would be better for effectiveness monitoring.  

3. Consider neighborhood scale of application, not single-site.  Needs to be pre/post, or new development, or paired development.  Paired is quicker but more expensive.  Need to evaluate both flow volumes and loads, since if most of the pollutants are coming from the roads then lot disconnection is irrelevant. 

4. Pared watershed study with different sizes and distances from the receiving water body—big & distant vs. small and close: measure flow and pollutants to get loads, and compare statistically.  Note, however, that pipe exfiltration could look like “losses” but are rather just a shifting of impacts.

Note that the following elements depend on the hypothesis being tested, not the overarching question being addressed.  Our group did not fill out each of these elements for each potential hypothesis.

Note also that in the list of hypotheses above, there is no particular order of priority (or even of need).  #4 could also be part of I2.

Spatial and temporal scale

4. 1000’s of feet scale

Data types & Indicators

2. Flow and PAHs

3. Flow volume and metals 

Rationale  

Within the general category of landscape classification, these 4 hypotheses seem to be significant and commonly recurring in the scientific and management literature.  Issues of pipe-vs.-ditch have been debated since the late 1980’s, and a team member noted that ongoing studies are happening in the region.  H’s 2 & 3 are testing major tenants of LID design principles that could be applied to large-scale landscape characterization as a function of differing land-use treatments.  H4 is an effort to evaluate both the current regulatory approach to imperviousness, namely that a patch of pavement “close” to a waterbody (but outside the buffer) is of equal significance and requires equal regulatory attention as an equivalent patch “far” from that waterbody.  It would also inform current (ill-defined) speculation in land-cover models that, somehow, close-in imperviousness should be “weighted” more than far-flung imperviousness.

Assumptions & Caveats.  

We took the classification of this question literally, i.e. as a question of landscape “categorization” rather than a test of SCM (stormwater control measure) effectiveness.  The scale/designs were recommended in that light.

We are assuming that pollutant concentrations and flow volumes depend on the amount of connected imperviousness; disconnected imperviousness results in significantly lower levels of pollutant concentration and flow volumes.  These assumptions are not further tested by the experimental designs; indeed, they are implicit in particularly H3.

Range of Cost

We did not address this in our group.

Table. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility.  Some of these variables apply only to certain hypotheses, but they were not discriminated in this table.

For this question and associated family of hypotheses, the task is to evaluate the statistical relationship between two very different types of variables, “drivers” and “dependent variables.”  (Note this is probably true of most of the other questions, too!)  However, the choice of particular pair-wise comparisons between variables is guided by prior scientific study as expressed by the hypotheses—this is not a recommendation to test every conceivable combination of variables.

Those indicators with an “L” sensitivity are immediately suspect, and they suggest that they are products of a stuffed ballot box for favorite-vegetable voting.  What’s the point of an indicator that isn’t sensitive to the phenomenon being explored???

Table 8. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility.

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Driver
	impervious area
	M
	H
	H, rarely, or L
	H
	H

	
	proximity of source to receiving water
	L
	H
	M
	M (variable)
	H

	
	conveyance substrate type 
	L
	H
	H
	H
	H

	
	vegetation
	L
	H
	H
	H
	H

	
	land use
	H
	M
	H/M
	H
	H

	
	topography
	L
	H
	M
	H
	H

	
	SCM (structurals)
	L
	H
	H
	L
	H

	
	SCM (nonstructural)
	L
	L
	H
	M
	M

	Dependent variables
	
	
	
	
	
	

	
	phthalates
	L
	M
	H
	H
	H

	
	macroinvertebrates
	H
	M/H
	L
	H/M
	H

	
	flows
	L-H
	H
	H
	H
	H


Characterization 3, Proportion of Pollutants from Various Sources

What proportions of the pollutants in stormwater are from various sources such as air deposition and transport, spills, erosion and resuspension?
Leads: Rob Plotnikoff and Jill Brandenberger

Type of monitoring: Characterization (Diagnostic)

Definitions of special terms (as needed)

Wet Deposition

Dry Deposition

Gas Phase

Erosion-mobilization of terrestrial particles

Hypotheses to be Tested

1. Ho: Atmospheric deposition (wet, dry, and gas phase) from urban areas contributes detectable levels (percentages?) of contaminants to receiving waters. 

Ha:

2. Ho: Decreasing concentrations of pollutant “x” decreases with increasing source control (minimizing erosion with adsorbed contaminants and effect of spills from reaching the stream). (remove from list; addressed by another question)

Ha:

3. Ho: Current and legacy contaminants (from spill and airborne sources) are introduced into receiving waters are correlated with stormwater intensity.

Ha:

(Reducing stormwater volume/flow decreases the load of particle-bound contaminants.)

Ho: Atmospheric deposition is not a significant source for Hg/PCBs from stormwater conveyance. 

Ha:

(How does atmospheric deposition vary spatially across Puget Sound?)

Ho: Intensity of storm events effects level of particle-bound contaminants introduced of 

Ha:

(Additional Notes: Should intensity be dropped as part of the hypothesis?)

Experimental Design

· Paired watershed design

· Undeveloped watershed

· Minimal Erosion

· No spills

· No obvious sources

· Measure atmospheric deposition

· Developed watershed

· Spills

· Erosion

· Measure atmospheric deposition

1. Settings would need to be similar.

2. Storm intensities would need to be assumed identical.

a. Loads from each of the sources/processes need to be calculated at response reaches.

b. Inventory localized sources (roll up at base of the watershed)

c. Express yield as a contaminant per unit watershed area.

d. Further test these results in other areas of the landscape to validate your original results.

Data types & Indicators

· The nature of the source control practice will drive data type and indicator selection.  For example, if the source control measure were a ban on phosphorus containing fertilizers, the following data types and indicators might be appropriate for monitoring:

Rationale

· Measuring/identifying the endpoint influences questions asked about potential pollutant effects.

Addresses Hypothesis No. 1

· Partitioning pollutant sources: important for determining management actions

· How to spend money

· How to expend effort

· How to measure effectiveness of management measures

· Ability to measure true change

Addresses Hypothesis No. 3

· Reducing stormwater vol./flow decreases the load of particle-bound contaminants.

· Assists in prioritizing the sources where they can be most easily controlled

· Legacy pollutants can be mobilized by stormwater runoff

· Factors that influence pollutant introduction from stormwater

· Population density

· Intensity of storm events

· Contaminant source from air deposition and spills are measureable

· Quantification of pollutants from air and spills are transferred to load estimates

· Will inform on source control efforts

· Information will inform decision-makers on where and how to spend resources

· Effort should define how to identify contaminants that are controllable versus those that are not controllable.

· Important to understand atmospheric deposition because control actions are different than other stormwater management actions.

· Available data shows that urban areas produce greater levels of airborne contaminants than non-urban area.

Assumptions & Caveats

· Relative contribution of pollutants from global sources is less than from regional sources.

· Global pollutant contamination is consistent across the region of interest.

·  This question refers to other sources not traditionally evaluated.

· Erosion hypothesis should be applied at the sub-basin scale (not micro-scale of individual sources of erodible particulate-bound pollutants).

· Testing is being done on global contaminants and is the basis for estimation for these contributions.

· Reducing stormwater flows reduces particle-bound pollutants.

· Erosion is the mechanism for pollutant delivery.

· Concentration for particles includes current and legacy pollutants.

Range of Cost

Table 9. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Water samples
	Pollutant concentration and/or load


	Low/Med


	High


	High


	Med/High


	Low to Moderate 

	Stream gauging
	Peak flow and/or volume volumes reductions
	Low/Med
	High
	Med
	High
	Low to Moderate 

	Behavior 

measures
	Sales data
Opinion surveys
Compliance with regulations (e.g., business inspections)
	Low
	Low
	Low
	Low
	Moderate to High 

	Biological 

metrics
	B-IBI
F-IBI
Bioassays  
Freshwater clams
	Med/High
	Med/High
	Low/Med
	High
	Moderate 

	Satellite/GIS
	Landuse changes
	High
	High
	High
	High
	High 

	Existing Literature
	Pollution prevention data
Water quality improvement data
	Med
	Med
	Med/High
	Med
	High 


Characterization 4, Seasonal Variation and Long Term Trends in Loads

What are the seasonal variations and long term trends in pollutant loads and what variables influence the temporal distributions?
Leads: Rob Plotnikoff and Jill Brandenberger

Type of monitoring: Characterization (Trend)

Definitions of special terms (as needed)

Group 1

1. Define temporal scales (e.g., seasonal, annual, longer-term, etc.)

2. Wet Season (further partitioned)


a. first flush


b. later in the wet season

3. Dry Season

4. Quarterly partitioning of the calendar year?

Group 2

High Density Residential (6-8 dwellings/acre)

Load – as measured in receiving water and not in the conveyance system.

Hypotheses to be Tested

Group 1

Ho: There are no seasonal variations with parameter class (e.g., PAHs, metals, etc.)

Ha:

Ho: Land use does not influence distribution of contaminant loads seasonally. 

Ha:

Ho: The load (concentration) of pollutant “x” is higher during the “wet” season than during the dry “season”

Ha:

Ho: The concentration of pollutant “x” increases with increasing storm intensity.

Ha:

Ho: Seasonal pesticide and fertilizer use does not affect water quality.

Ha:

Ho: Annual loads are not driven by large storms (smaller storms contribute a greater portion of the pollutant loads than the large storms).

Ha:

Ho: Are load and concentration equally representative for demonstrating trends in water quality.

Ha:

Group 2

Ho: Seasonal variation of metal loads in high density residential areas of Puget Sound is unaffected by rainfall amount and distribution.

Ha:

(Construct additional hypotheses using each of the land use/land cover classes; also hold LULC constant and compare differences in rainfall amount/distribution)

Experimental Design

Group 1

· Tiered monitoring program initially used and then program is modified (drop some monitoring activities) to gain efficiency in cost and effort.

· Precipitation characteristics important for detecting trends and pattern over time.

Parameter Class: Metals (Cu)

Rationale:  Cu is contributed by coal-fired power plant source (aerial deposition)

Sampling Strategy:

a. Measured under differing flow conditions as influenced by storm events (in each of wet season and dry season).

b. Composite sampling over longer periods of time, including outside of the actual storm period when inflow from the storm event influence.

c. Focus on sampling of receiving water to detect long-term trends.

d. Select targeted sites and partition receiving water types so that mitigating effects on results will explain variation in observations.

e. Duration of frequency for sampling will be dependent on variability of indicator parameter.

f. Storms will be targeted based on probability of distribution of storm volume (e.g., 50% of storms that represent 90% of the volume of contribution).

g. When do we target sampling/do we randomize sampling?

h. Focus on total metals

Scale for Sampling:


Wet versus Dry


Quarterly Sampling


First Flush Sampling

Additional Parameter Classes:

Include: pesticides, surfactants (windshield fluid), PAHs, PCBs, metals, TSS, nutrients, bacteria.

Must be able to isolate environmental factors:

a. Rainfall distribution

b. Identify additional variables that influence introduction of contaminants.

Site Selection:

a. Representation of different land uses/land cover in various locations around the Puget Sound.

b. Incorporate random-stratified sampling, where possible.

c. At stormwater outfalls, concentration is inversely proportional to storm size while instream concentration is directly proportional to storm size.

Group 2

Scale: one stratum within the watershed (high density residential)

Point of Sampling: Receiving water stream that drains only the high density residential land use.

Data types & Indicators

· The nature of the source control practice will drive data type and indicator selection.  For example, if the source control measure were a ban on phosphorus containing fertilizers, the following data types and indicators might be appropriate for monitoring:

	Data Type
	Indicator

	Total Rainfall/Event 
	

	Flow Rate
	

	Flow-weighted sampling (Group 2 Hypothesis)
	

	Antecedent Rainfall
	

	Contaminant Concentration
	


Rationale

· Loads for contaminants are higher during some seasons than others.

· Load estimates versus concentration estimates have varying uses; concentrations are more important for determining toxicity to aquatic organisms. 

· Must identify elements for monitoring (e.g., concentrations, parameters, loads, etc.) that will be useful ten years into the future.

· Loading of pollutants occurs over a short-duration of time.

LULC will affect the contributions of pollutant loads and will be influenced by season in which human activity occurs.

Can analyze particulate and dissolved forms of metals in stormwater contributions and the significance to receiving water conditions.

Assumptions & Caveats

· Define LULC in order to determine contributions from each and by season.

· Appearance of contaminants (e.g., pesticides) may appear at different times within a “wet” season.

· Recurrence interval of contaminant introduction may influence the level of toxicity presented to the biological community.

· Toxic “slugs” of pollutants may be rare in receiving waters during storm events (western Washington) because rainfall in more constant than in other areas of the country where dry periods a extended over longer periods.

· Load estimates require a different monitoring design than using concentration estimates when attempting to detect trends.

· Detecting trends using load may take a longer period of time based on smaller changes due to variation.

· Holding time for dissolved metals that influences concentration estimates; an issue that may influence results.

· Concentration is important; loads are driven by large-scale events.

· Land cover can change seasonally (and land use) and can affect contribution of contaminants.

· Is load a better indicator than concentrations for detecting trends?

Range of Cost

· Group 2: High and Higher

Table 10. Data types, indicators, and their properties including sensitivity to changes in resource condition, reliability, whether linked to a management decision, ecological relevance and feasibility. 

	Data type
	Indicators
	Sensitive to Change
	Repeatability and Reliability
	Linked to Management Decision
	Ecological Relevant
	Feasibility

	Water samples
	Pollutant concentration and/or load


	Low/Med


	High


	High


	Med/High


	Low to Moderate 

	Stream gauging
	Peak flow and/or volume volumes reductions
	Low/Med
	High
	Med
	High
	Low to Moderate 

	Behavior 

measures
	Sales data
Opinion surveys
Compliance with regulations (e.g., business inspections)
	Low
	Low
	Low
	Low
	Moderate to High 

	Biological 

metrics
	B-IBI
F-IBI
Bioassays  
Freshwater clams
	Med/High
	Med/High
	Low/Med
	High
	Moderate 

	Satellite/GIS
	Landuse changes
	High
	High
	High
	High
	High 

	Existing Literature
	Pollution prevention data
Water quality improvement data
	Med
	Med
	Med/High
	Med
	High 


Conclusions

These summary statements were derived from a group discussion at the end of day 2.

What We Did in the Sprint

· Engaged a large group of scientists with diverse expertise who worked cooperatively to articulate hypotheses

· As a group, made a mid-course correction from a tabular approach to indicators to a narrative approach to hypotheses and experimental design

· Controlled chaos; the complexity of the process matched the complexity of the problem

· Started to deal with scale issues; moving from small to large scale informed the process of hypothesis development

· Many different sets of eyes looking at questions; new information generated diverse perspectives on the same questions

· Took a step back from pure science and tried to come up with something relevant to management

· Gave all ten assessment questions our full attention providing the breadth needed for an integrated monitoring plan

What We Didn’t Do in the Sprint

· Prioritize hypotheses and assessment questions, e.g., pick the top 10 hypotheses

· Resolve overlap in Assessment Questions

· See how other groups approached their Assessment Questions

· Identify the audience for the sprint documents; coordinate an ongoing scientific review for protocols, sampling, analyses, interpretation, etc.
· Look at where we’ve been, i.e. critique the Phase I permit requirements or evaluate utility of past data and efforts to answer assessment questions

· Talk about costs

· Discuss uniform sampling protocols appropriate to each hypothesis and assessment questions

· Might not have gotten “the” hypotheses

· Adequately address spatial scale issue: how to develop an integrated, holistic monitoring program with some wildly different issues at different scales

· Address or contrast sampling needs in different regional habitats, e.g., Puget Sound marine, estuary, small stream and river 

Next Steps

June 23 Stormwater Work Group meeting – share this document

Monthly Stormwater Work Group meetings

Goal: Draft monitoring and assessment strategy before October 31, 2009 
Goal: Monitoring and assessment strategy approved by SWG on December 15, 2009
Questions remain about transition to Puget Sound Partnership

· Be ambitious – now is the time!

· This document is fairly technical, need to identify the next circle of interested people for review

· Refine and crosswalk hypotheses with indicators, then figure out the experimental design; prioritize questions

· Bring Puget Sound Science Panel members along with this process sooner rather than later

· Get on agenda for Science Panel, Leadership Council and Ecosystem Coordination Board

· Be clear as to our expectations for PSP: Do we need a briefing, a decision, dialogue?

· Action item for SWG: Be specific on regarding our priorities, what pieces we are missing

· Translate science to public language

· Engage May 19 Renton workshop attendees

· Consolidate and reorganize the assessment questions

· Make explicit the link to beneficial uses

· Identify our partners; educate others about the new model

· Compare with other regional programs, lessons learned

· Don’t let perfection be the enemy of success

Other Issues to Consider

1. Relationship between Stormwater Work Group and Puget Sound Partnership: Many participants expressed concern regarding the role of the Partnership Director and staff, the Leadership Council, the Ecosystem Coordination Board, and the Science Panel in the development and implementation of the monitoring and assessment strategy.  There was strong interest in having enhanced dialog with these entities to ensure that final products of the Stormwater Work Group are accepted.

· be specific on what we need from PSP.  We need to be clear on what we want from them.

· Need to have dialog with PSP, not throw out report for people to poke holes in

· have discussion of what they think is missing and why decisions were made (they weren’t here, so mutual understanding process).  

2. Prioritization process: Of the multiple assessment questions, hypotheses, and experimental designs, it will be important to understand how prioritization will occur and will be vetted among this group and others.

3. Peer review: Two main concepts were discussed regarding obtaining peer review: having outside people review a finished document. OR have outside people provide input each step of the way to provide review and guidance.  There was general discussion that there are three levels of participation and review: 1) people who should see it early,  2) people who should see early and often.  3) people who should see it after it’s done.

4. Communication Methods: There was a desire expressed to have more and more updated information distributed on this project.  Ideas expressed were to have the website be more of a blog, to have the website more easily found, to use SharePoint, to send out prompts when new information is available, and to not use sequential e-mails.

5. Approach for preparing Draft Monitoring and Assessment Strategy by the end of October: There was a general desire expressed to understand the process for completing the draft strategy by the end of October.  It was understood that state budget uncertainties were causing a delay in developing the process, and that budget issues will be resolved by mid-July.  Some group members suggested that a smaller number of individuals, possibly the leads, could take the lead in writing the document, and having a larger number of participants review and provide input.  It was recommended that key milestones be identified for broader input.

6. Prioritization, Identifying Resources, and Scale Issues: There were concerns raised by the Sprint participants that prioritization of hypothesis, identifying resources, and scale issues were not adequately addressed in the Sprint Workshops.  More technical work may be warranted on these issues than other issues.   So seems for first step need to put hypotheses and ancillary information, like resources/protocols, still need to prioritize, so then in position to look at hypotheses (some may not be part of long term monitoring) go to committees and presenting, prioritize, pulling them together in monitoring program.  Timeline ambitious to get there by November.   

7. Ambitiousness: It was agreed by all that now is time to be ambitious in our attempt to develop an integrated stormwater monitoring and assessment strategy.  It was acknowledged that the time has never seemed so ripe for making changes in stormwater management. Media, elected officials, state and federal agencies, and local jurisdictions all appear dedicated to implementing a coordinated monitoring program. 

8. Education: It was acknowledged that public education is critical to ensure success.  Public support is needed to develop new financing and organizational model.  Puget Sound strategy has recognized education and large part in partnership. 

How Sprint Participants Want to Stay Involved

· Frequent endorsement of working sessions to make progress – better than making drafts and sending out for review
· See feedback from others and help address it

· Willing to do this again – we are making progress here

· Get updates along the way

· Blog on Stormwater Work Group webpage

· Make webpage more interactive, easier to find, more up to date 

· Use sharepoint to share data and draft materials

· Use listserv for interested parties, prompt them on updates

· Who will write the monitoring and assessment strategy? A team with lots of input

· Use a small number of people to write and a larger number to contribute and review

· Synthesize sprint work, do crosswalk, review, bring folks back together

· Put hypotheses together with ancillary information and prioritize

· Easier to respond to a straw document

· Key milestones where ask for input

· Get help before next sprint to set it up and clarify objectives and desired outcomes

· Plan a social gathering following the next sprint

Appendix A. Peer Review Strategy

Participants made recommendations about how to proceed with peer review of this and subsequent documents.

When

Next opportunity is after SWG review of sprint products and before next sprint workshop

External opportunity for review of iterations between tech experts and SWG

Also review of final strategy

Who

List of “who’s not here” from Sprint Day 1 early
Attendees at May 19 Renton Workshop early and often
Puget Sound Science Panel early
Ecosystem Coordination Board more developed
Salmon Recovery Group at PSP more developed
Ecology’s Muni Stormwater NPDES permit implementation team early and often
Authors of PSP1.0 stormwater discussion paper (edited by Joan Lee) early
Regulated Community early and often

Local governments (AWC, WSAC, APWA SW mgrs)


Business (AWB, Boeing, other manufacturing


Ag and forestry – WSCC, CMER

Political decision makers more developed
UW, WSU early
Use SWG caucuses early and often:

Tribes

Environmental groups

Business Groups

Citizens

State agencies

Federal agencies

Non-Puget Sound groups more developed: 

SFEI

SCCWRP – Steve Weisberg

CA sustainable conservation brake pad partnership

Bob Pitt – U Alabama

Michael Stenstrom – NPDES data analyses in So Cal.

USGS Nat’l urban stormwater study

NRC Panel

Approaches

Another “May 19 Renton Workshop” venue

Dialogue with the Science Panel

Look at peer review approach for Urban Waters Program

Establish a technical advisory panel

Where else has this been done? Would they review our plan? Bring their folks (from other consortiums) here or send our folks to them?

Discussion

Types of peer review: scientific, political (decision makers plus regulated community); public

Regional vs. national review

Role of PS Science Panel: 

Provide the ecosystem context 


They are picking indicators of ecosystem health

Review draft plan after it’s developed

Review reports and data – different levels and timing of review

Stakeholder review – need an understandable schedule

Should ECY review so can be used in stormwater permits?

How do we identify and capture research questions: on methods, etc.

Appendix B. Additional issues 

These were ideas that arose during discussion but were not resolved.

· How will each/any monitoring element(s) help us manage stormwater?

· Must incorporate robust lab (common) and field (uncommon) QA/QC elements & record keeping to assess uncertainty.

· Research needs: grab samples – are they needed for oil/grease analysis and fecal coliform analysis or can autosamplers be used?

· Less emphasis on storm event based Event Mean Composition sampling.  Instead collect random samples in 24hr periods?  Could be stratified seasonally.

· Use time-paced composites to characterize toxicant concentrations.  Loadings could be estimated by applying volume sampled to measured concentration of the time-paced sampling.

· General suggestion:  for improvement per 11:30 discussion, need research into how clean is clean enough to achieve beneficial uses for many parameters and combinations thereof.

· Link each piece of this monitoring strategy back to the bullets in the PSP stormwater issue paper.

· General suggestion:  what are problems to solve?  What actions are effective?  How will this particular action address the problem?  Hypothesis?  How to test?

· For future studies, if businesses are to be asked to collect non-compliance data, there needs to be legislative protection to businesses from risks. Otherwise businesses will not participate.  Provide protection to collect research data.

· Will monitoring program be governed by permit compliance or scientific investigations? E.g. tox testing using EPA certified test can cause cascading infrastructure fixes to remove causes in MS4 systems.  This would severely inhibit scientific investigation.

· If/when this work is vetted through the Stormwater Workgroup leads and their caucuses, the charge should be not only to ask “what’s missing,” but what the priorities are and most importantly, “why?” for both of those questions. Link back to decision-makers.

· A general hypothesis:  Indicators/parameters in stormwater have no effect on beneficial uses.

· How we ensure a science-based big picture rationale for selection of indicators and activities and policy choice? 

· What about endocrine disruptors?

· How do we get out of our boxes of traditional stormwater monitoring?

· Are we measuring what we think we are?

· Direct vs indirect – example bacteria vs human pathogen; copper vs toxicity

· Did we factor out erroneous items?

· Feasibility – is it easy to measure or site monitoring feasibility?

· How do we monitor and address new chemicals of concern?

· How to address adaptability?

· What’s the difference between indicators & parameters?

· Helpful to look at existing monitoring strategies/review other programs; identify components/elements we need, and what we need to add.

· Monitoring strategy vs testable hypotheses: Is LID the place to start? Lots of testable hypotheses verbalized, not necessarily the same as a monitoring strategy.  Some hypotheses will be of more regional interest.  

· What’s next?  Edits? Volunteers? Parking lot? Right monitoring and assessment strategy?  What is budget? What is timeframe?  Design is relative to context.

· Are there gut-level most important hypotheses?  How will we set priorities?

· Not just timeline for decisions, but at what point are sufficient data available to make policy decisions? Establish baseline/criteria for policy makers to make decisions.

· Before we spend more money on monitoring dissolved metals and rely on these data, we need a study of the effect of holding time on dissolved metals concentrations.

· How does our new monitoring design take into account data collected under current NPDES permits?

· How do we house the data collected from the new design? Do we share it with everyone?

· Education: have until June 2010: list of hypotheses, approaches, prioritization

Appendix C. Features of a Successful Integrated Monitoring and Assessment Strategy for Stormwater

Three sources for these ideas: 1) “Essential functions and characteristics” from PSMC report to Legislature December 2008, 2) “Mutual Interests” from Exploratory Committee report to Jay Manning March 2007, and 3) workshop participants

· Holistic, rolls up to a compelling message

· Hold more meetings that have a variety of people at them (beyond scientists, i.e. attorneys, decision makers)

· Focus on assessment and analysis

· Use a good process to decide what the priorities are

· Meaningful beyond permit compliance

· Efficient

· Address scale issues and use scale to address the questions

· Define impacts and context

· Keep tweaking and improving approach

· Identify new issues and problems in stormwater

· Look at synergies and evaluate effects

· Integrate across all relevant agencies

· Institutional place to define social and political context for the science – needs dedicated staff to bridge the work

· Citizens get it

· Social change is supported and people’s lives are better – brings us together

· Gives us answers about what’s working and what’s not

· Implements recommendations of past efforts

· Encourages changes in science approach

· Address uncertainty and meaningfully communicate the uncertainty

· Provide a timeline to decision makers to support policy decisions – actions 

· Make sure today’s data is useful in the future

· Assure that the permit-required monitoring is about science, not just compliance

· Know what resources are available before you design the monitoring and assessment strategy

· Can’t do scientific design in isolation: need the context, need WHY

PAGE  
Working Draft
Page 41 of 48
June 21, 2009

