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INTRODUCTION
This sampling plan for collection of sediment cores from San Francisco Bay and chemical analyses of these cores for pollutants and radiodating has been prepared for efforts following up the RMP/ CEP Project 4.26 (Multi-Box Contaminant Transport Model and Multi-Year Sediment Sampling Strategy). Lessons learned from that study, remaining information needs, and priorities from mercury, PCB, and modeling strategies have been used to refine the approach for work planned following that study.

Technical oversight/peer review for the project is being provided by the Contaminant Fate Work Group (CFWG) of the RMP, a group of local and national experts in estuarine modeling and sediment analysis. With the advice and review of the CFWG, project plans and reports are delivered to the RMP Technical Review Committee for approval..

BACKGROUND


In development of the previous RMP/CEP coring study, the CFWG agreed that the scarcity of data on sediment processes and pollutant distributions in deeper estuarine sediments represent gaps in our knowledge that lead to large uncertainties in our ability to predict future pollutant concentrations. The available data includes detailed analysis of two cores taken from depositional locations in the Bay (Hornberger, Venkatesan, and Fuller, 1999), with limited data on selected pollutants for a number of other sites. Another depositional core has been analyzed in the South Bay for mercury (Watson et al 2004). There also have been pollutant core data collected for specific contaminated sites (e.g. Hunter’s Point). Pollutant concentrations in cores taken for dredging projects also are measured, but samples are composited, so changes in concentration with depth and information on deposition history and sediment processes are lost. Another CEP project collected pollutant cores in nearshore locations that were expected to be highly contaminated, and these cores were similarly composited. 
The CFWG also concluded that budgetary limitations would prevent the previous coring study from achieving a statistically robust sampling program. It is costly to collect cores and then conduct chemical analyses on many sections. Given the high variability in chemical concentrations documented by the RMP in surficial sediment samples collected in the Bay during the last decade, it seems reasonable to expect similar variability in the results from cores. That has been borne out by results of the RMP/CEP coring study; although cores within a segment were often qualitatively similar (e.g. suggesting net erosive or depositional histories in recent decades), differences in concentration among sites within each segment were of a similar magnitude as for surface sediments. The CFWG previously noted that although a few cores collected in each segment would likely not be adequately representative of the Bay, it would be a step towards improving our understanding..

Given the limited number of samples that could be collected and analyzed within the budget, the CFWG recommended a hybrid sampling plan, in which some sites are selected to verify or refine key model assumptions or predictions, with the remainder of sites distributed geographically in segments with differing sedimentation regimes (i.e., depositional v. erosional) to improve the relatively poor characterization of pollutants with depth in the sediments of the Bay. This hybrid approach builds anecdotal but useful understanding of past and current environmental processes in the short term, while moving towards a more statistically robust characterization of the ecosystem for the future.

The RMP/CEP core collection effort sampled two sub-tidal Bay sites and one (inter-tidal) wetland site per segment.  Radiodating results from subtidal cores generally followed our expectations, with only Lower South Bay cores showing clear evidence of rapid net deposition.  Cores from other segments showed either no/low net deposition, or net erosion in recent decades.  Chemical analyses also generally followed expectations in Bay cores, with metal pollutants somewhat uniformly distributed and showing few large peaks in concentration, and PCBs and other organic chemicals only found in the upper sections of each core.
SAMPLING PROGRAM OBJECTIVES


Results from the RMP/CEP coring study have helped in confirming and refining our conceptual understanding of Bay sediment processes.  Those data have not fundamentally altered our underlying conceptual model of processes, so objectives for future core sampling remain the same as in the previous effort.: (1) provide a more comprehensive characterization of contamination with depth that can be used to assess future changes, (2) verify the historic loading of pollutants to the Bay and how those loads have changed in the last several decades, and (3) provide valuable data for parameterization and evaluation of modeling efforts.

Objective #1: Provide a more comprehensive characterization of contamination with depth that can be used to assess future changes
After decades of accumulating sediment as a result of hydraulic gold mining and other activities in the watershed, many areas of the Bay have transitioned into an erosional regime (Cappiella 1999; Foxgrover 2004; Jaffe et al., 1998). Buried contamination would thus be a possible “source” of pollutants to biota in the future, as described in various TMDLs for contaminants in San Francisco Bay (Looker & Johnson, 2004).  However, the depositional pollutant profiles found by USGS researchers (Hornberger et al, Venkatesan et al, and Fuller et al 1999) are likely atypical for the Bay, even for the segments from which they were taken (San Pablo and Central Bay), which have shown mostly neutral or erosional sedimentation trends.  Because neutral or erosional sediment trends occured during the period of maximum loads for many contaminants (e.g. PCBs), large distinct maxima in subsurface pollutant concentrations are unlikely in most cores; even for the cited USGS work, screening level analyses of a handful of other cores collected showed no distinct profiles and were not further analyzed.
Results from the first round of sampling (~2 cores per segment) mostly confirmed our expectations.  However, in initially recommending that study, the CFWG noted that obtaining data from one or two dozen additional cores, although an improvement, would likely still not be representative of the Bay given the variability seen in surface grab samples.  The CFWG therefore suggested the sampling plan also should further the long-term goal of representatively characterizing the Bay. The plan outlined here describes an approach to achieve the latter, collecting cores periodically to complement those taken in previous efforts, generating a spatially distributed long-term data set valuable for characterizing the Bay and assessing trends and fate processes.

While the multi-box model provided satisfactory results, the CFWG encouraged consideration of the field sampling independent of any particular model. Because a majority of sites in the first coring effort and in the approach proposed for the future are not tied to any particular model, much of the data generated will be useful regardless of model selection. Future model refinements could lead to poorer performance (e.g. increasing model complexity and data needs without appreciably reducing uncertainty or even increasing uncertainty), and model sensitivities to some parameters may arise from limitations in model structure and assumptions. In that instance, the field measurements from the cores would themselves be vital technical information for use in policy development and identifying remaining information needs.

Objective #2: Verify the historic loading of contaminants to the Bay and how those loads have changed in the last several decades

The multi-box model used national historical estimates of PCB production and use (Breivik 2002), scaled proportionally with population data to generate estimated historical loads for watersheds. While providing a useful starting point, large uncertainties arise from the use of global data to estimate local pollutant sources and transport. These uncertainties could explain a significant fraction of the difference between model predictions of pollutant distribution and ambient measurements (over-predicting South Bay concentrations, under-predicting North Bay concentrations).  The model predictions could be improved by adjusting historic loads in model boxes to better fit available data (e.g. surface contaminant concentrations), but whether and to what degree such adjustments are justified is unknown.
Although depositional cores could be taken in either deep-water areas or wetlands, sediment cores from deep-water depositional areas are subject to various disturbances that are not easily observed prior to or after sample collection, confounding interpretation of chronology and sediment processes. Depositional sediments in deeper Bay cores will integrate sediment processes unrelated to changes in loading, because redistributed in-Bay sediments will contribute to deposited material. 
To reduce the influence of mixing seen in sub-tidal Bay cores, wetland cores from areas with consistently depositional histories were collected. Cores from selected wetlands along the margins of an estuary segment will represent material transported from nearby tributaries, combined with nearby bottom sediments resuspended by wind, wave, and tidal action. The relative contribution of tributary loads compared to reworked Bay sediments within any particular wetland core is not easily resolved, but the linkage to local sources almost certainly would be greater than for deep-water sediment cores from the Bay.  This was borne out by results from the first set of wetland cores, in which maximum copper concentrations corresponding to ~1980 and mercury maxima around 1940-1960 were found.  In contrast, nearby Bay cores showed either neither of those peaks, or much broader and lower peaks in concentration.
Wetland areas, especially vegetated wetlands (tidal or seasonal) that are less subject to scouring and erosion than tributary channels and banks, might also provide a record of historical changes in pollutant loads for specific watersheds. These data would be valuable for tracking the past changes in loading of PCBs and other pollutants from watersheds and in making predictions of future changes in loads. Prediction of future loads is an important input to the model for predicting future Estuary response.  
Although in the RMP/CEP coring study a core was collected from a wetland area along the bank of Alviso Slough, a peak in mercury concentration was much more evident in the core from the wetland adjoining the Bay near Coyote Creek.  This suggests that either 1) the peak in mercury found at Coyote Creek did not come from the Guadalupe River via Alviso Slough, 2) much of the mercury load traveled via but never deposited in Alviso, or 3) previously deposited mercury had eroded away to deposit further downstream or in the Bay.  Although there may be fluvial deposition zones upstream of tidal influence (and thus upstream of Bay sediments), such zones may be difficult to find or may be upstream of areas with significant pollutant loads given restricted flood plains and/or armored channels in many developed areas.  Channel maintenance dredging to prevent flooding of urban areas also lowers the likelihood of finding such persistent pollutant deposits.



Objective #3: Provide data for parameterization and evaluation of the multi-box or other models
Data from cores collected to meet the previously mentioned objectives also can be used to parameterize models and/or evaluate their performance. Pollutant concentrations in cores from erosional areas combined with projected erosion rates provide estimated inputs of future pollutant loads from Bay sediments for modeling. Information from Bay and watershed wetland depositional cores provides evidence for past loads, to verify or refine estimates derived from the data of Breivik (2002). Depositional cores, particularly from watersheds, also provide evidence of recent trends in loads that can be used to project baseline loads in the future. Finally, characterization of the distribution of pollutants with depth throughout the Bay provides data to compare with model hindcasts and to use as initial conditions for model forecasts.

SAMPLING PLAN
Sample Site Selection

In order to achieve the objectives discussed above, sites should be distributed geographically in the Bay. Sedimentation rates within the Bay are not constant within a geographic region, however, but will vary over time and in space due to factors such as climatic regime or differences in water and land management practices. Net sedimentation regime can be inferred from recent bathymetric changes where that information is available, although limitations in bathymetric resolution may not capture small scale variability in depositional history that would only become apparent after a sample is collected and analyzed (e.g. a particular core might be more eroded within a generally depositional area).
Jaffe et al. (1998) have documented bathymetric change over time in the Bay, and as a first approximation, bathymetric change in recent decades can be expected to continue in the near term. USGS has developed this information for Suisun, San Pablo, South, Lower South Bay, and a portion of Central Bay (south of Hunter’s Point to Oakland Harbor).  Bathymetric change in northern Central Bay is likely be evaluated by USGS in the future, so all Bay segments can be targeted for coring (Figure 1).
The CFWG previously expressed concern that existing surface sediment data suggest small scale spatial heterogeneity in surface pollutant concentrations, which would be mirrored by heterogeneity in sediment depositional histories on a similarly small scale.  The workgroup recommended avoiding only anomalous areas within the segments (e.g. maintained channels, dredge disposal piles, borrow pits) and stratifying post-analysis, without any other a priori expectations for the collected samples.
The previous effort required coring in all segments of the Bay at once due to the dearth of information in many areas and the extended period since previous coring (15 years). This follow-up coring (~5 years later) and subsequent work can be done on a more frequent but smaller scale, e.g. sampling one segment with 2 cores each year, we would cover all segments within 5 years with about the same number of Bay cores as in the first RMP/CEP effort. Fewer but more frequent cores have the added benefit of a workflow more suitable to the analytical labs.  The radioisotope lab in the previous study  (USC) needed 1.5-2 days per sample section just for gamma counting, i.e. a full year not including sample preparation.   The chemical analysis labs were met with 170 samples, equivalent to over 3 years of RMP sediment samples, which required some labs to prioritize either the core samples or the RMP sediment samples, as we generally used the same labs for both.  
With a plan for high resolution hydrologic, sediment transport, and contaminant fate modeling in planning (under the Modeling Strategy), coring should be performed on the spatial scale for which the model is being calibrated.  E.g., if model development focuses initially on Lower South Bay, the first year (or two) of additional cores should be placed to obtain higher resolution data in that segment. Within each segment, 

the core locations will therefore be distributed randomly, selected from among the RMP S&T sediment sites for that year (arbitrarily the first two non-repeat stations each segment, excluding those falling in maintained channels), so that comparable data on pollutants from adjacent surface samples will be available, equivalent to a 0-5cm surface section for the core. The collected cores would not necessarily have to be from the same segment in a given year, but should be coordinated with the Modeling Strategy to obtain cores from locations most needed for modeling, within the constraints of sites already allocated for RMP S&T sediment sampling.
Wetland coring can be continued to meet informational needs for particular modeling or monitoring efforts, but can be scheduled independently of RMP sediment cruises. Less total area suitable for coring is available in wetlands as compared to the Bay; many areas have been diked for extended periods and thus are not suitable for capturing long term depositional histories.  Wetlands selected for coring should correspond to those with other informational needs, e.g. in an area with particularly high contaminant accumulation in fish, at the mouth of a small tributary with load monitoring, or near known point sources of concern.  Because there is less of a need to “representatively” sample wetlands (as load indicators) for use in modeling, we can plan for those samples to be collected periodically with frequency adjusted for budgeting and workflow purposes, selecting from among a list of candidate sites, prioritized based on other RMP studies’ needs (e.g. for a Bay Margins model) and timelines.

[image: image1]
Figure 1: Areas of Deposition, Erosion, and No Net Bathymetric Change in Suisun, San Pablo, South, and Lower South Bay.  From Jaffe et al. 1998, Capiella et al. 1999, and Foxgrover et al. 2004.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
















For obtaining cores with a recent history of watershed loads, continuously existing wetland areas near the mouth of key tributaries could be used. However, these sites can be difficult to identify, as many have been modified (e.g. dredging, levee construction, channel modification). This assessment of past loads is best made in a watershed where current pollutant loads are well characterized, and where historical information regarding wetlands extent is available. Small wetland areas adjacent to the channel have were theorized to have remained unmodified, providing a depositional history of pollutants from the Guadalupe.  However, the core at Alviso Slough showed a less pronounce maximum than in nearby Coyote Creek, so we may need to revise our assumptions and/or approaches to site selection, subsampling, and analysis when attempting to discern trends in loading history.  
Core Collection

Changes in bathymetry for Bay sites within a 3-4 decade period (e.g. 1950s to 1980s by Jaffe et al. 1998) range up to 3-4 m, with some of the larger changes the direct result of human activities (channel deepening, borrow pits for fill material, dredge material disposal). Short to mid-term needs for coring data can usually be covered by sampling the top 1m of sediment; few areas other than those dredged or used to sidecast dredged material accrete or lose sediment faster than several cm per year (3cm/year for 40 years = ~4 feet bathymetric change in Figure 1).  Since one aim of modeling efforts is to reconstruct and then predict the long-term fate of pollutants over periods of decades to a century, the top 1m of sediment would suffice in most areas of the Bay, representing  30-50 years or more of deposition or erosion. Any modeling of sediment fate beyond ~1m of net bathymetric change would likely best be served by newer cores collected for validation of past predictions (i.e. including any measured 1m of net bathymetric change) as well as for projecting further into the future.

With a smaller number of cores to be collected on more frequent sampling events, and co-location of cores with RMP S&T surface sediment sampling sites, a sampling method that can be performed on the S&T sediment cruise with a minimum of additional staff and equipment would be ideal. The previous RMP/CEP coring effort employed “vibracoring”, electromechanically driving a plastic lined metal coring tube into sediments.   Its advantages are capabilities of driving large diameter, long, and deep cores, even into hard substrates.  Is disadvantages are major equipment requirements (a large electrical generator and associated cables, electromechanical hammering head), cost (disproportionately higher per sample for small jobs), and high vibrational energy of coring, which resuspends the top few cm of sediment.  

Unpowered methods with lower equipment needs include push, gravity, or hammer corers, which are often essentially the same equipment with slight modifications to enable different methods of driving the core into the sediment (Figure 2).  The push coring method is suitable for shallower waters, with a handle and extension rods attached to the coring tube allowing an operator at the water surface to push the corer into the sediment using a combination of body weight and rotation.  The depth of water over the coring location is limited by the length of the extension rod and the ability of the operator control the assembly (due to weight and pole flex) over a distance.  Gravity corers use the force of weights on the corer (sometimes adding momentum from a short free-fall drop) to drive the coring tube into the sediment. They can operate at much deeper water depths than push corers, but with only a long rope or cable to the surface, the operator has less control over the angle of entry into the sediment and cannot drive the corer deeper into the sediment beyond what the corer weight and momentum allows.  A hammer corer is lowered by cable or rope much like a gravity corer, but in addition to or instead of just a large weight, a smaller sliding “hammer” weight is repeatedly lifted by cable and dropped on the coring tube to drive it deeper into the sediment.

The base unit coring head shown in Figure 2 includes the needed tools and connectors to attach a 68mm (inner) diameter coring tube.  Weights, extension rods, and sliding hammers can be purchased to configure the corer.  For example, four 4kg weights combined with a slide hammer  would yield a hybrid gravity/hammer corer.  Two 2.4m extension rods and one 1.2m extension  would allow push coring in water up to about 5-6m deep.  Such a setup is suitable for suitable for sediments with high silt and clay content; sandy samples may require a core catcher to contain the sample on retrieval.  Although they can be reused, to avoid cross contamination among samples, polycarbonate coring tubes will be treated as consumable supplies (~$150-250 per site with 3 cores each site to obtain sufficient material for multiple analyses).

Vessels used in the past for the RMP S&T sediment sampling cruise have always had a boom arm or A-frame and powered cable winch/pulley system, which could be used to assist in extracting the coring tube from cohesive sediments, regardless of the selected (unpowered) coring approach chosen.  Time on station to collect 3 cores would likely be 1-1.5 hours, depending on the experience and skill of the sampling crew, the sediment substrate characteristics, and the coring method chosen.  This would be in addition to the time for collecting the surface grab samples if the same staff are used to collect both sample types.   

Core Sectioning

Collected cores will be kept vertical to minimize disturbance of surficial layers until after overlying water can be drained. Although in the previous RMP/CEP study the cores were frozen, with sections subsampled by sawing the core at fixed intervals, cores may also be subsampled by extrusion while in the field, or on shore/in the laboratory after return of the ship.  Assuming a 1m coring depth and 2.5cm sections, sectioning (whether by sawing frozen cores or extruding fresh cores) and subsample bagging/labeling likely requires a minimum 1-2 hours processing (2-3 minutes per subsample) per site.  The preferred method would depend on various logistical factors (parameters to be analyzed, cleanliness of workspace, staff availability), but the default option would be to repeat the previous protocol (freezing in the field, sawing frozen sections).

If cores are to be subsampled as frozen sections, the cores as needed will be cut into the maximum lengths that will fit into a large cooler, capped and frozen upright in a rack large enough to hold the core sections and dry ice. After they are frozen, cores will be transferred into standard coolers with dry ice.  If  instead cores are to be subsampled by extrusion, subsampling can be performed on board the vessel, or the unfrozen core should be chilled (to ~10-15C, the in situ temperature) until return to a laboratory for subsampling.

Cores can be obtained at wetland sites using a manual coring device. The RMP/CEP project used a Livingstone piston corer, but other types can be employed. Coring equipment will be taken to each sampling site either in a small boat or by wheeled vehicle, possibly carried short distances (up to ~200 meters as needed). Road access using a vehicle is preferred because of the weight of equipment that will be needed onsite. Livingstone corers typically are two inches in diameter and up to two meters long. The universal corer used in Bay sampling may also be usable for shallower wetland cores; any new equipment will be tested at nearby sites (e.g. San Leandro Bay subtidal and wetland locations) prior to use in collection of actual samples for the study. Samples will be handled and processed upon recovery using the same procedures as for the Bay cores.

Cores will be kept chilled or frozen until they are processed in the laboratory. Laboratory processing will consist of sectioning at the specified depth intervals to obtain sub-samples for chemical analyses (see description below). Chilled samples should be subsampled by extrusion and sectioning within ~48 hours but preferably as soon as possible, to meet holding time guidelines for the planned analyses. Sub-samples will be shipped frozen to the appropriate analytical laboratory for analysis. All shipping and analytical procedures will be consistent with those used by the Regional Monitoring Program. A duplicate core will be taken at each location and archived.

[image: image10.png]



Figure 2: Convertible “Universal” Corer Head Assembly in Various Configurations.  Top to bottom they are: 1) gravity corer with slide hammer 2) gravity corer 3) push corer 4) push corer with extension rod.

Chemical and Radioisotope Analysis
In the previous coring study, an attempt was made to estimate the age of various core depths through a combination of literature searching and preliminary radiodating prior to subsampling for chemical analyses.  As a result, the start of chemical analyses were delayed until the first round of radiodating was completed.  For future efforts, cores sections will be selected a priori for chemical and radiodating analyses to avoid such delays, e.g. in bay cores, 2.5cm sections starting from 10cm will be analyzed at regular 10cm intervals to 60cm depth, and at 20cm intervals below that, with one analysis reserved for the deepest section at a multiple of 10cm.  Ten sections will be analyzed per core (10, 20, 30, 40, 50, 60, 80, 100, 120, 140cm by default), with the extra analyses on cores less than 130cm long used to backfill analyses for 10cm intervals skipped, e.g. (10, 20, 30, 40, 50, 60, 70, 80, 100, 120cm), but only the multiples of 10cm will be analyzed for cores shorter than 100cm

Samples used for chemical analysis will be analyzed for the radioisotopes 137Cs and 210Pb, which will assist in identifying age for sediments of a century or younger in origin.  For radiodating, an additional sample, preferably the top core section (0-2.5cm), or alternatively a surface sediment composite (0-5cm from the S&T sample at the same site) will be used to establish the excess 210Pb signal, and/or to measure 234 Th or 7 Be activity, assuming the samples can arrive at the laboratory in a timely manner (234 Th and 7 Be have 24 and 53 day half lives, respectively).  The radiodating data will be used post hoc to help interpret the chemical pollutant measurements and further develop our understanding of loading and fate processes for use in conceptual and numerical modeling.  Gamma counting (for 137Cs and 210Pb) allows for non-destructive measurement of radioisotope signal, and can also be done by academic or commercial research institutions (e.g. Flett Research, USC). 

Chemicals to be analyzed can be adjusted to the highest priority concerns at the time, within the limitations of total sample mass available for analysis. Mercury and PCBs should be analyzed in all samples, as they have driven much of the development of contaminant fate and transport models to date for SF Bay, and it appears they will continue to contribute to Bay impairment for the near to mid-term future.  








For PCBs, the analytical laboratory performing sediment analyses for the RMP (East Bay Municipal Utility District) requires ~10g wet weight of sediment (about 5-7g dry weight). Laboratory requirements for total mercury are about 0.6-1.0 g wet weight.
Sediment pollutant concentrations often covary with sediment quality characteristics such as TOC and the percentage of fine-grained sediments due to physical and chemical partitioning, so analysis of these parameters will be included to aid interpretation of pollutant concentrations. 
The budget in Table 2 estimates the cost for two sites, radiodated, and analyzed for mercury, common trace metals by ICP-MS, PCBs, and PBDEs. Addition of a wetland core would add to the analytical costs proportionally. 


Data Analysis
Although eventually there may be enough core samples to make statistical comparisons between Bay segments, there will be a small number of samples and likely poor statistical power in the short term.  However, sample results can be used for the objectives described for the RMP/CEP Coring Study and this subsequent work. While it is not possible to predict exactly all the analyses that will be conducted until the data are available, the following discussion is meant to provide a description of how expected results will be analyzed to achieve each objective.

Objective #1: Provide a more comprehensive characterization of contamination with depth that can be used to assess future changes. 

Collecting and analyzing cores will improve the present characterization of pollutant distributions in the Bay.  Sediment pollutant distribution and age profiles will serve as important elements in characterizing the current condition of the Bay to supplement past and planned surface sediment sampling.  In combination with surface pollutant distributions, the core data serve as our starting point for evaluating changes, both in estimating the initial pool of pollutants, and in our understanding sediment processes (e.g., the range of mixing depths encountered, spatial differences in pollutant sources and sediment characteristics and processes).  Future work will collect and analyze surface samples and ideally cores from additional sites to continue improving our understanding of the Bay through more spatially representative sampling of the system.
 In addition to their use in pollutant mass balance modeling, the measurements from the cores could be useful technical information for policy development, e.g. for estimating risks posed to deeper residing benthic organisms by pollutants distributed in sediments below the surface 5cm typically sampled.

Objective #2: Verify the historic loading of contaminants to the Bay and how those loads have changed in the last several decades. 
Cores from wetlands in each segment on the Bay margins can provide historical trends of pollutants in near-shore sediments. These can be compared to deposited Bay sediments from the same time periods (i.e. core sections of similar age) where data are available to identify similarities or differences in pollutant distributions that may provide information on sources or transport processes. For example, in the RMP/CEP coring effort,  wetland cores had higher maximum pollutant concentrations than nearby Bay cores, suggesting either a nearby source, or partitioning and transport processes that fractionate pollutants preferentially in materials that deposit in wetlands (uncertainty in radiodating could make such comparisons difficult.) . Grain size and TOC data will provide further information that will help identify these possible confounding factors.

Pollutant concentrations and sediment accumulation rates in surface sediments from the Alviso  Slough / Guadalupe River watershed core did not show any major peak in mercury or copper concentrations seen in the nearby Coyote Creek site at the edge of the Bay, so near- or in- channel continuously depositional areas may not be simple to find or to interpret data from.  Methods for identifying and selecting appropriate near-channel areas to core should be reviewed before sampling another tributary site.

Wetlands core data also can be used to verify model expectations of pollutants in transported sediments for their depositional periods.  If wetland cores do not show pollutant concentrations that mirror quantitatively or qualitatively the historical expectations, then adjustments to refine the model may be warranted (e.g., introducing a time lag between use pattern changes and watershed loading signals, or reallocating historical loads among watersheds or bay segments based on differences in deposited sediments). For example, the Coyote Creek wetland core showed notable elevations in mercury concentration only in sections near or after World War II, despite a history of mining in the area dating nearly a century prior.  While there is always a danger of attempting to infer too much from a limited number of cores, the additional information will represent a large improvement over the current state of knowledge.  Obtaining supporting information (e.g., different periods of development in various areas around the Bay, or the presence of specific pollutant sources in some watersheds) would provide additional confidence that such model adjustments would be warranted through support by multiple lines of evidence.

Objective #3: Provide data for parameterization and evaluation of the multi-box or other models.
The information derived from analysis of the cores described above will serve also as data for inputs or as verification of various portions of the multi-box mass budget model (the data are not, however, constrained for use with any particular model). Data from erosional areas can be used in estimates of pollutants reintroduced by sediment erosion and resuspension. Data from depositional cores can serve to verify or refine historical pollutant concentrations and sedimentation rates in different areas of the Bay. The age and distribution of pollutants in individual cores can also be compared to those predicted in mass budget modeling for hindcast runs. Pollutant distributions with depth can be used to initialize the model for forecast runs, and anticipated trends in loading (extrapolated from past loads) are also important inputs to these runs.

However, care must be taken not to over-interpret or attempt to fit the multi-box or other models too tightly to the core data, given their limited representativeness, and given simplifications used in the modeling that would not be reflected in the ecosystem. For example, the multi-box model subdivides Estuary segments into surface boxes that run shore to shore, whereas there likely are differences and asymmetry in loading sources, sediment processes, and bathymetry from one shore to the other within each of the model boxes in the Bay.  Failures of the model to fit the collected data could represent limitations of the model or of the data.  Members of the CFWG 
have suggested a number of statistical methods (bootstrapping, data/model melding) to overcome problems of limited representativenss of collected data combined with limitations arising from model assumptions and uncertainties.  These analyses can be used for reviewing and revising the existing multibox model, or for evaluating confidence in any new models employed in the future.

SCHEDULE

A timeline for the various study tasks is indicated below :

Table 1: Estimated Project Schedule

	Sampling and Analysis Plan Development
	Jun–Nov 2009

	Sampling and Analysis Plan Approval (RMP CFWG, TRC)
	Dec 2009

	Bay and wetland site field sampling
	Jul-Aug 2010

	Core sectioning 
	Jul-Aug 2010

	
	

	Radioisotope and Chemical (pollutant) analyses
	Sep-Dec 2010

	Data QC and analysis
	Jan-Mar 2011

	Draft technical report
	May 2011

	Final report
	Jun 2011



BUDGET

The budget presented is the cost per year for 2 Bay Sites and assumes RMP purchase of equipment for sampling, with sampling during the RMP S&T sediment cruise. Analytical costs are estimates based upon recent costs for other RMP projects. Adding one wetland/other depositional site to obtain a loading history would add ~50% to the total cost.
Table 2: Estimated (Annual) Project Budget. Budget includes same analytes as RMP/CEP coring project aside from organochlorine pesticides, for 2 Bay sites taken during RMP S&T sediment cruise.  Selected watershed/wetland sites would add 50% to cost but would not need to be on same years.
	Component
	Cost

	Sample Collection & Processing
	$5,500 

	Sampling equipment cost
	$1,500 

	Coring labor 2 bay sites during  S&T cruise (4 hrs x 3 staff)
	$1,500 

	Vessel cost (extra ½ day)
	$1,000 

	Core sectioning (4 hrs x 2 staff)
	$1,000 

	Consumable supplies (dry ice, core liners, etc)
	$500 

	Laboratory Analysis
	$34,250 

	Radiochemistry
	 

	Radiodating 210Pb, 137Cs ($300 x 2 sites  x 11 sections)
	$6,600 

	Organic Chemistry
	 

	PCBs ($600 x 2 x 10)
	$12,000 

	Optional PBDEs ($675 x 2 x 5)
	$6,750 

	Inorganic Chemistry
	 

	Mercury ($120 x 2 x 10 )
	$2,400 

	Metals by ICPMS ($200 x 2 x 10)
	$4,000 

	Ancillary
	 

	TOC ($50 x 2 x 10)
	$1,000 

	Grain Size ($75 x 2 x 10)
	$1,500 

	Reporting
	 $8,000

	Data QC and analysis
	$4,000 

	Data reporting & interpretation
	$4,000 

	Total
	$47,750 
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� Another CEP project (Analysis of Pollutants in Sediment Cores Near Storm Water Inputs [#4.10b]) collected pollutant cores in nearshore locations that were expected to be highly contaminated, and these cores were similarly composited. This project report is available at: http://www.cleanestuary.org/publications/files/CEP%5F4%2E10B%5Freport%2Epdf).


� Data on bathymetric change in the Central Bay have yet to be developed, and so depositional, neutral, or erosional areas in this segment cannot be identified for this round of sampling. 


�  Because sulfides in anoxic sediment layers inhibit methylmercury production, analyses will be of total mercury rather than methylmercury in cores.
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