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EXHIBIT A: ATTACHMENT 2
PROPOSAL
1. Project Purpose
The CALFED Bay-Delta Authority (CBDA) has been charged with a daunting task – supplying a safe and stable supply of water to meet the needs of municipal, recreational, industrial and agricultural users, while at the same time safeguarding the ecosystems supporting the native species of the San Francisco Bay, the Sacramento-San Joaquin Delta, and their watersheds. This task is complicated by the responsibility to protect certain species, such as delta smelt and several species of Chinook salmon, under the Federal and California Endangered Species Acts (ESA and CESA, respectively). The requirements mandated by these acts have placed rigid constraints on the allocation of California’s limited water supply, as well as placing severe demands on the financial resources available for environmental protection. Given the natural limitations on the availability of water, the CBDA must work diligently to concurrently provide for each of the beneficial uses of California water supplies, without diminishing any one of them, and without encouraging invasive species.

In the last two years, it has become evident that ‘not all is well’ with numerous pelagic fish species in the upper San Francisco Estuary, primarily the Delta and Suisun Bay, as abundance indices for many pelagic species have reached record or near-record lows (IEP, 2006). Although some of these species, such as the delta smelt, have undergone long term declines in their abundance indices, the magnitude of the recent declines was unexpected (IEP, 2005). The Interagency Ecological Program (IEP) has been charged with investigating this ‘Pelagic Organism Decline’ (POD), and their team has made substantial progress in defining the suspected causes of these declines (IEP, 2005). 

Delta smelt, a small pelagic fish native only to the California Delta, was listed as a threatened species under the Federal ESA in 1993, and as such has received greater scrutiny in the POD investigations. Delta smelt generally live only one year and have a low reproductive capacity, and thus are more vulnerable than many fish species to extinction. Salinity is generally thought to be the key environmental feature defining delta smelt habitat and their fundamental ‘ecological niche’ (Bennett, 2005). Summer and fall delta smelt population indices have reached historic lows in the last two years (IEP, 2006). Concurrently, winter run Chinook salmon on the Sacramento River, which were listed as an endangered species in 1990 under the ESA, have seen resurgence in their numbers
. Is there a relationship between these observations?  

We suspect that changes in reservoir operations to help restore salmon runs – including temperature control releases in the upper Sacramento River in the summer and shifts in export timing - have contributed to changes in fall salinity patterns in the Delta. There has been a decrease in the fall ‘Environmental Quality Index’ (EQI) for delta smelt developed by the Department of Water Resources (DWR)
, and Contra Costa Water District (CCWD) has demonstrated a recent change in fall salinity patterns. These operational decisions may also be related to a shift in the habitat range of the invasive Asian clam. Because seasonal salinity changes have been implicated as a contributory factor in the recent decline of delta smelt, this proposal is motivated by the following hypothesis:

Hypothesis: The changes in upstream reservoir operations - including temperature control in the upper Sacramento River in the summer, spring operations on the San Joaquin River,  shifts in export timing, and other upstream uses - have changed seasonal salinity patterns in the Delta that have contributed to the decline of the Delta smelt.

The goals of this project are: to assess the consequences of actions taken to protect threatened or endangered Chinook salmon species relative to other upstream and in-Delta water management actions that have changed seasonal salinity in the Delta, potentially reducing the ability of delta smelt to survive as a species; and, to investigate with modeling scenarios the potential to mitigate for this trade-off through specific operational actions, such as changes in the timing and/or amount of reservoir releases or exports. Although there are clearly many factors influencing the survival of each of these species, we focus in this proposal on two main factors – seasonal salinity changes in the Delta plus the relative importance of operations for temperature and flow control – which we suspect may, in combination, be related to the decline of the delta smelt. As these are factors over which we can exert considerable operational control, the results of the proposed study have practical significance as well. 

2. Background and Conceptual Model
Data analyses by CCWD (unpublished) have documented an increase in fall salinity in the western Delta in recent years, while salinity in the other seasons has remained unchanged (Figure 1). Research by DWR has similarly shown a recent decrease in the fall EQI for Delta smelt which is strongly linked to salinity. These changes in fall salinity may also be related to an observed expansion in the habitat range of the invasive Asian clam (IEP, 2006), as there has been a coincident shift in the timing of maximum clam counts and grazing rates to the fall
. Asian clams have been strongly implicated in the disruption of the Delta food web and as a contributory factory in the decline of several delta fish species since their establishment in 1987 (Bennett, 2005; IEP, 2006; Feyrer, 2003). Bennett (2005) presents evidence that an inadequate fall diet may be related to reproductive success for delta smelt, as energy may be allocated to gonad development during this season. If delta smelt experience food limitation in the fall due to Asian clam disruptions, reproductive success the following year may be compromised, a well-known side effect of insufficient nutrition. Bennett recently
 presented data showing smelt fecundity has decreased during the Pelagic Organism Decline (POD) years. 
In recent years, population indices for juvenile Delta smelt in the summer can be related in a statistically significant manner to western Delta salinity the previous fall. Linking fall salinity with the delta smelt Fall Midwater Trawl (FMWT) population index is a strong predictor of the population of juvenile smelt in the subsequent Summer Townet (STN) Index after the invasion of the Asian Clam, 1987 – 2005 (Figure 2). Natural year-to-year variations in water supply, frequently defined as a ‘water year type’, show similar strong statistical links to this population index, with a high correlation and significance since 1987 (r^2 = 0.41, p = 0.003) particularly for a biological variable (Figure 3). Changes in flow patterns in the western and central Delta, such as a shift in the predominant direction of Old and Middle River flow, have similarly been statistically linked to delta smelt population indices (Pete Smith, USGS, private communication), although it is not clear if this is a link between delta smelt population and flow, or if the relationship simply reflects the correlation between salinity and flow. Although exports have frequently been cited as the main culprit in the decline, CCWD statistical analyses comparing seasonal and annual export rates over varying time spans (1967, 1980, 1987, 1995 – 2005/6) with FMWT and STN indices found no statistically significant relationships. 

Along with salinity, decreased turbidity (increased water clarity) is another water quality measure that has been linked to delta smelt decline via DWR’s EQI for the fall. The spread of the aquatic vegetation, Egeria densa, has also been linked to decreased turbidity and to a reduced abundance of native fishes where it proliferates (Nobriga et al., 2005). Temperature is critically important for delta smelt when they are spawning, February through June (Bennett, 2005), which has been problematic when water temperatures near the export pumps reach suitable values early in the spawning season. Spawning begins first in warmer waters (Bennett, 2005).

The Sacramento River winter-run Chinook salmon species was listed as Endangered under the CESA in 1989 and under ESA in 1990 (NMFS, 1997). The listing process began in 1985, but was completed only after a series of lawsuits, an extended drought in the late 1980’s, and lower than expected returns in 1989 raised the level of concern (NMFS, 1997). They are presently mainly found in the Sacramento River below the Keswick Dam
, and most spawning is limited to the main stem of the river
. The major factors implicated in their decline are elevated water temperatures in the upper Sacramento River and impediments to migration at the Red Bluff Diversion Dam (RBDD) (NMFS, 1997). In 1997, a Temperature Control Device (TCD) became operational in Shasta Dam, allowing better temperature management while simultaneously allowing releases for power generation (CDFG, 2004b).

Two of the actions considered necessary to avoid extinction of this species, i.e., not just to prevent further decline or to provide for recovery, are the provision of suitably cold water temperature in the upper Sacramento River and the improvement of fish passage to and from the Sacramento River and through the Delta at various life stages (NMFS, 1997). Winter-run Chinook salmon return to fresh water in the winter, spawning in the spring and summer when they mature reproductively. The majority of the returning adults pass the RBDD January through May, peaking in mid-March. Juveniles remain in the Sacramento River and the upper estuary for five to nine months. Emigration back to the ocean occurs September to June, with pulses coinciding with high precipitation and increased turbidity (NMFS, 1997). 

The ‘Sacramento River Temperature Task Group’ has adopted a flexible strategy to hold temperatures below 56°F from May to October at ‘Balls Ferry to Bend Bridge to the extent controllable’ to comply with the Sate Water Resources Control Board’s order WR90-5 (USBR, 2004)
. Closure of the Delta Cross Channel (DCC) and modifications export in timing are also used to manage winter-run, and other, Chinook salmon populations. DCC closure ‘steers’ juvenile salmon away from the interior of the Delta where survival is relatively poor, with closure allowed for up to 45 days from November to January (CBDSP, 2001). Although DCC closure improves salmon survival, it leads to an increase in salinity in the interior of the Delta.

There are other Chinook salmon species whose populations have been severely diminished in the Sacramento-San Joaquin watershed (NOAA, 2006). The Sacramento spring-run Chinook salmon was listed as a CESA threatened species in 1999 - they are negatively affected at the local scale (CDFG, 2004). The Central Valley fall- and late-fall-run Chinook salmon have been considered ‘species of concern’ under the ESA since 2004. These fish enter the Sacramento and San Joaquin Rivers from July through March. San Joaquin River populations are severely depressed, with the main impacts being from agricultural and municipal water use activities (WCSBRT, 1999).  The strategies for managing these Chinook salmon species have relevance in the current proposal for actions taken on the San Joaquin River.

In addition to Shasta Reservoir releases for temperature control and use of the DCC to influence flow patterns in the Delta, a recent innovation is the use of the ‘Environmental Water Account’ (EWA) along with the Vernalis Adaptive Management Program (VAMP) flows in conjunction with the operation of the Head of Old River Barrier (HORB). The VAMP consists of pulse flows down the San Joaquin from upstream reservoir releases in the spring, combined with export modifications. When the HORB, at the confluence of the San Joaquin and Old Rivers downstream from Vernalis, is in place, flow from the San Joaquin River is routed away from the south Delta along the main stem of the river to the confluence with the Sacramento, producing strong flow effects in the interior of the Delta. The EWA is a water account used to compensate exporters for water lost to export reductions considered important for reducing ‘take’ of several ESA species at the pumps. The funding for EWA can be used to transfer, purchase, bank, borrow or convey water, or use ‘tools’ referred to as ‘variable assets’ to modify various operations or regulations (Poage, 2004; Swanson, 2001).

Conceptual Model and Objectives  

As discussed in previous sections, the conceptual model behind this project relates seasonal changes in Delta salinity that have degraded the quality of delta smelt habitat, and possibly encouraged invasive species in the fall, to the effects of all water management operations - exports, DCC and HORB, and reservoir operations – relative to those actions taken to protect winter-run Chinook salmon on the Sacramento River and other species of Chinook salmon on the San Joaquin River. These relationships, illustrated in Figure 4, cover three of the PSP priority topics (see Section 5, Relevance), and are closely related to CBDA’s goals of improving water quality while restoring and protecting ecosystem health, by managing Delta salinity and by protecting ESA species, respectively.
In the objectives and the scope of work, we have made several reasonable assumptions and have limited the analyses to specific variables to focus the study. Of the three limiting environmental factors for delta smelt habitat - salinity, turbidity and temperature - having sufficient delta smelt ‘salinity habitat’ is assumed to be the most critical factor for delta smelt year-round, although temperature distribution is critical while spawning, particularly when this occurs near the pumps. We also assume that the FMWT and STN population surveys for delta smelt are the best available population data series since, although admittedly limited in some respects (Bennett, 2005), they have the longest records. The factors limiting Chinook salmon habitat are different for different species and river systems – for winter-run Chinook the temperature of the upper Sacramento River from late spring through early fall is critical. For fall-run Chinook salmon on the San Joaquin and tributaries, spring river flow at Vernalis and operation of HORB are critical. The evidence for factors affecting the fall-run Chinook salmon population is somewhat controversial (SJRG, 2006; Jager, 2006; Baker, and Morhardt, 2001). Although the effect of Frank’s Tract on Delta salinity has been discussed as a source of salinity (CBDSP, 2004), we will not consider it here.

The project scope includes historical data analysis, salinity and salmon population modeling, and statistical analyses relating delta smelt population indices to water quality and flow parameters. These approaches will be used to investigate the extent to which changes in reservoir, export, HORB and DCC operations have contributed to the loss of ‘environmental quality’ in delta smelt habitat, and which changes in these operations can mitigate for the degradation of delta smelt habitat, particularly fall salinity, without harming Chinook salmon species.  Specifically, the objectives are to: 

· Define the source, relative magnitude and geographical extent of seasonal salinity changes in the Delta that are linked to the operation of reservoirs, export pumps, the DCC, and HORB for the protection of Chinook salmon species 

· Assess the contributions of operations taken to protect Chinook salmon species relative to other upstream and in-Delta water management actions that have changed seasonal salinity in the Delta, and determine the associated water costs

· Use spatially-explicit statistical methods and models to link fall and summer delta smelt population measures to select environmental variables, and to predict the effect of operational changes on seasonal salinity and on delta smelt populations

· Use the salinity and volume fingerprinting capabilities of the DSM2
 module, QUAL, to quantitatively assess, both historically and with hypothetical scenarios:

· the effects of individual operations on seasonal salinity changes to delta smelt habitat and population measures

· the potential for minimizing these salinity changes by altering the source (Sacramento or San Joaquin), quantity, and timing of reservoir releases

· Assess the effects of salmon-related operations on water temperature on the Sacramento and San Joaquin Rivers, and in the Delta by: analyzing historical data and models, and by modeling hypothetical scenarios using DSM2 and/or an equilibrium temperature model (WE, 2002)

· Use salmon population models on the Sacramento and San Joaquin Rivers to assess the effect of hypothetical scenarios on winter-run Chinook salmon (Sacramento River) and fall-run Chinook salmon species (San Joaquin River).

Because salinity is the key factor defining Delta smelt habitat, we will define statistically-relevant regions in the Delta for analyzing salinity data in conjunction with capture data from FMWT and STN datasets. These regions will be used in two ways: to analyze the results of DSM2 simulations on delta smelt salinity habitat due to changes in operations in hypothetical scenarios (see Tasks 6 and 7); and, to develop spatially explicit statistical models of the relationship between salinity patterns and delta smelt population measures (Task 9) and, if time allows, extending the analysis to turbidity and temperature.

The historical data analysis will quantify natural vs. managed flow influences on Delta salinity patterns, but will focus primarily on the consequences of actions taken to protect Chinook salmon species, especially winter-run Chinook, relative to other water management actions. DSM2 was selected to model Delta salinity for several reasons. DWR’s Delta Modeling section has developed a well-calibrated Historical simulation of Delta flow and salinity in DSM2, currently covering the period from 1991 – mid-2006. This period will have been extended to the period 1987 – end-2006 by January, 2007 (M. Mierzwa, DWR-DMS, private communication), which will be helpful in developing scenarios as it includes periods of low outflow. In addition, DSM2 is typically used in combination with the CALSIM II water operations model in operations studies. Although we do not plan to run CALSIM in the current proposal, the Delta Storage Study could be extended and modified to simulate the effect of hypothetical operational changes investigated in this proposal (Sanjaya Senevirante, private communication). DSM2 has a module that simulates temperature in the Delta (Rajbhandari, 2004). DSM2 is well-supported by DWR, it is well-documented, and it is in the public domain.

Using analyses derived from researching the amount water released for Chinook salmon temperature or flow objectives, scenarios based on the DSM2 Historical simulation will model the effect on salinity regimes in the Delta due to current operations and to hypothetical changes in operations. Reservoir operations for salmon species protection, as well as closure of the DCC, HORB operation, and changes in export patterns, typically occur from May through October for Sacramento River species, and in the spring and fall for San Joaquin River species. Using DSM2’s ‘fingerprinting’ capabilities, it is possible to track the salinity or volume contributions from individual sources, and thus to quantitatively assess individual effects on Delta salinity. Because temperature effects may be minimal in the Delta, the approach may be partly be qualitative, using either DSM2 or an equilibrium temperature model (WE, 2002).
Two models were chosen for investigating the consequences of hypothetical scenarios on Chinook salmon populations in this proposal, one for winter-run Chinook on Sacramento River and one for fall-run Chinook on the San Joaquin River. Each model is well-documented, is implemented in EXCEL, and has relatively simple boundary conditions. The DSM2 scenarios will be used to set boundary conditions for the IMF model (Cramer et al., 2004) to simulate the effect of operational changes on winter-run Chinook salmon populations on the Sacramento and for the SJR fall-run Chinook Salmon Population Model on the San Joaquin (CDFG, 2005). 

3. Scope of Work
Table 1 delineates the time frames and general timing for the nine Tasks described below, which appear in order of start date. Tasks 1 and 5 include Cost Share funds that are in-kind contributions from CCWD for staff time, for Dr.’s Briggs, Gartrell and Guerin. CCWD in-kind contributions represent 22% of the total budget. The Technical Advisory Committee will assist in keeping project direction on target, and review should help assure that results are unbiased. See Table 2. The data analyses in Task 3 broadly define the water management changes, and the synthesis of results from Tasks 4, 7 and 9 will provide data for testing the hypothesis.

TASK 1 – Project Management 
Investigator: Dr. David Briggs, Desiree Brun

Background – Dr. Briggs has an extensive background in project management (CV attached).

Definition of Work – Standard project management: coordinate periodic reporting and Technical Advisory Committee (TAC) meetings; co-ordinate the timing of major Tasks; administer contracts; communication and distribution of results. 

Staffing: Dr. David Briggs will manage the project and Desiree Brun will assist him. Dr. Briggs’ time on this task is an in-kind contribution from CCWD.
Output/Deliverable: - Production of semi-annual and final reports and coordinating communication of results to the IEP/POD and to other interested parties. 
TASK 2 – Statistical Analysis: Spatial 
Investigators: Statistician (TBD); Mr. Steve Cramer, Technical staff
Background - The FMWT (1967 – 2005) and STN (1959 -2006) delta smelt population surveys are composed of capture data and related metadata, such as volume of water sampled and water quality measurements, for 116 stations grouped into 14 regions in the Delta: 100 of these are used for calculating the delta smelt FMWT index. The mean monthly catch, September – December, for each area is multiplied by a weighting factor proportional to the volume sampled; these values are then summed to obtain a monthly index, and the monthly indices are summed to give the FMWT index. There are 32 stations used for the STN survey, which is taken at 2-week intervals. Each survey index is calculated by summing the catch at each station, multiplying by a volume-weighting factor, and then summing the weighted catches over the stations. The STN delta smelt index is the average of first two surveys (Bryant and Souza, 2004).

Many of the analyses of delta smelt population data for POD investigations have used some form of spatial aggregation of the raw capture data (Manly and Chotkowski, 2005; Miller et al., 2005) (Guerin et al., unpublished). When aggregated, the geographical regions have been sensibly but arbitrarily defined. Other researchers have used data from the individual stations without any form of aggregation, for example, to calculate capture probabilities
. What each of these approaches has neglected is the need to legitimately pool data from the sampled stations into statistically appropriate spatial aggregates. Task 2 will address this knowledge gap for both the STN and FMWT capture data. In addition, a simplified approach to temporal aggregation has typically been employed, for example, CCWD used seasonal or annual data. In many cases, seasonal data, for example using January – March for ‘winter’, did not overlap well with actual seasonal variability. Although this has produced some useful analyses, the obvious next step is creating a spatially and temporally aggregated dataset that captures the variability in the data. 

Definition of Work – Using the historical FMWT and STN data sets, define regions in the Delta where stations can be legitimately aggregated to capture sample variability. Determine if there are spatial patterns in the population data in comparison with salinity, and with temperature and turbidity, as indicators if time allows. Define delta smelt habitat boundaries seasonally, possibly as sub-regions. Investigate the possible time scales for temporal aggregation of the indicator data or flow measurements, in relationship to the aggregated population data. The data, defined regions, and analyses, if appropriate, will be stored in a GIS database.

Staffing: Statistician (TBD) will perform all statistical analyses. Mr. Cramer will provide biological support for issues such as trawl efficiency and CPUE (Catch per Unit Effort) calculation. Technical staff will assist the statistician as needed.

Input: Standard datasets of delta smelt capture data, available via Department of Fish and Game staff or via the BDAT website
, with associated parameters.

Output/Deliverable: - Documentation, GIS dataset, and analysis results:

1. Definition of a statistically and biologically-relevant spatial aggregation of delta smelt FMWT and STN capture data. 

2. Define delta smelt optimal ‘salinity habitat regions’ using these aggregations – optimal salinity for smelt is frequently quoted as (0.2 – 2.0) psu.

3. Temporal aggregation – develop an optimal temporal aggregation of salinity data that can be used for comparison with each of the indices.

4. If time allows, a similar analysis of temperature and turbidity data.

The regional and temporal aggregations will be used in Tasks 4, 6, 7 and 9 for further data analysis; regions and time spans will be used in Task 4 for delta smelt population analysis, and in Tasks 6 and 7 in DSM2 model scenarios. Technical staff is for GIS database data entry.

TASK 3 – Research Historical Reservoir Releases and Operational Data
Investigators: Dr. Richard Denton, Dr. Marianne Guerin, technical staff
Background – Dr. Denton observed (Figure 1) that there has been an increase in fall salinity in the western delta in recent years, but not in other seasons. To explain this observation, an initial hypothesis was formulated that a change in the schedule of reservoir releases along the Sacramento River watershed, perhaps combined with increased summer exports, might be the cause. This hypothesis seemed reasonable because the salinity changes appear to be coincident with winter-run Chinook salmon and delta smelt Biological Opinions. After 1993, take limits and conditions to protect winter-run Chinook salmon and delta smelt were applied, so project operations changed and water supply reductions occurred. Dr.’s Denton and Guerin have performed preliminary analyses of Sacramento River flow and Shasta reservoir releases, but they have not been conclusive. Although our initial hypothesis concerned Sacramento watershed operations, because there have also been major changes in San Joaquin operations for other Chinook salmon species, it seems logical to include these in the analyses of the relative effects of water management operations for fish and other uses. 

Knowles (2002) investigated natural vs. management influences on salinity in the San Francisco Estuary from 1967 to 1987. He found that management effects had their maximum influence in the spring, resulting in an increase in salinity, that year-to-year variations in the signal were very large and that they exceeded the range of management effects. Patterns in seasonal salinity, however, also reflected the limitations of management capabilities, such as late season releases needed to create flood control storage space for the upcoming wet season. Management impacts were greatest in moderate flow years (Knowles, 2002). If time allows, we will extend Knowles’ analysis from 1988 – present.

Definition of Work – This task consists of primary data analysis, and an extension of work started by other researchers. The time period covered, at a minimum, should be 1980 – 2005/6. The period 1987 – 1994 is a drought period, so comparisons are needed between two relatively wet periods, 1980 – 1986, and 1995 – 2005. 

1. Determine timing, source and volume of Chinook salmon temperature releases in the Sacramento watershed, and of salmon flow releases in the San Joaquin watershed

2. Examine other possible factors contributing to the fall salinity shift, such as HORB operations, shifts in export timing, or operational changes for flood management

3. Pinpoint the cause of Denton’s Fall Vivaldi salinity shift

4. Quantify the relative magnitudes and water costs of reservoir releases for the various uses. 

5. Extend Noah Knowles work to the period 1987 – 2006 by: disaggregating the various management flows, if possible, into source of water and timing (e.g., EWA water, exports,  temperature management, etc): and, determining, as closely as possible, seasonal salinity in the Delta due to both natural and the disaggregated management influences

Staffing: Denton will perform the majority of the analyses, with Guerin assisting. 

Input: In addition to published studies, there are publicly accessible datasets:

1. http://www.usbr.gov/mp/cvo/Temp.html daily averages of releases, reservoir  temperature, temperature at compliance locations, and number of gates open at outlet levels in monthly ‘Reporting Summary Required by Biological Opinion’ from 1996 – 2006. 

2. http://wwwoco.water.ca.gov/calfedops/ data generated by the CAFED Ops group, EWA accounting information, salvage information for winter-run Chinook salmon

3. Other websites have other water quality and flow parameters: the IEP website: http://www.iep.ca.gov/dss/;  the CDEC website: http://cdec.water.ca.gov/reservoir.html gives reservoir storage data for all reservoirs in the system; the MWQI website with water quality and other data, although the data time series tend to be rather sparse.

Output/Deliverable: - In addition to documentation of the analyses, this work will be submitted to the IEP Newsletter, or, the peer-reviewed journal ‘San Francisco Estuary and Watershed Science’. The output will also be used to define boundary conditions for the DSM2 modeling scenarios (see Tasks 6 and 7). In addition, the initial stages of testing the hypothesis will be documented. Note that data will be entered in the GIS database via Task 9.
TASK 4 – Statistical Analysis: Delta Smelt 
Investigators: Dr. Marianne Guerin, Mr. Brian Pyper, (Technical staff from Task 2 or 9)
Background – The current statistical work developed by CCWD is ‘zero-dimensional’, i.e., all of the regression relationships, correlation analysis, and Principle Components Analysis were performed using salinity or flow monitoring stations at a single point in the Delta, and compared to either the FMWT or STN indices, both of which are aggregated spatially. In addition, a simplified approach to temporal aggregation was employed, using seasonal or annual data. In many cases, seasonal data, for example using January – March for ‘winter’, did not overlap well with actual seasonal variability. Although this has produced some useful analyses, the obvious next step is to perform similar analyses using the spatially and temporally aggregated dataset from Task #2. CCWD has found statistically significant relationships between the adult FMWT and subsequent juvenile STN indices, as have other researchers. For example, r^2 = 0.43 and p = 0.002 over the period 1987 – 2005. In addition, there is a relationship between the juvenile STN index, weighted over the catch volume, to the subsequent Dec FMWT index, r^2 = 0.6 and p = 0.008 for the period 1995 - 2005. This observation may be significant, as it indicates a potential for developing a statistical model for predicting delta smelt populations from simple environmental data and the indices themselves. 
Definition of Work – Using the historical FMWT and STN data sets, and the regions defined in Task 2, perform statistical analyses to develop regressions between the two smelt indices and regional salinity and perhaps flow data. These analyses will replicate the strategy of previous ‘zero-dimensional’ analyses, but in two dimensions, for example, using generalized linear models. If reasonable relationships are developed, they can be applied to the salinity patterns calculated from the DSM2 model scenarios. In addition, an attempt will be made to develop a relationship between juvenile (STN) and subsequent FMWT indices, possibly disaggregated to yield a simple statistical predictive model between fall and summer delta smelt populations. 

Staffing: Mr. Pyper will act as a statistical consultant to assist Dr. Guerin in these analyses and to ensure statistical rigor, and perform or define more difficult analyses if needed.  The overlap in time means that technical staff from Task 2 or 9 can add any relevant data to the GIS database.

Input: The regionalized dataset developed in Task 2, and other water quality data if required.

Output/Deliverable: Spatially explicit regression models relating delta smelt population indices to salinity, or perhaps to flow variables. All statistical analyses will be documented. Results with statistically significant relationships, will be submitted to the IEP newsletter or for peer review, or included in the Final Report if negative. If indicated, results will be entered in the GIS dataset.

TASK 5 – Concept Development and Synthesis of Results

Investigator: Dr. Greg Gartrell, Dr. Marianne Guerin, (Dr. Richard Denton)
Definition of Work – Dr. Gartrell will lead the task of synthesizing research results to develop a clear picture of the trade-off between delta smelt salinity issues and salmon protection measures. 

Staffing: Dr. Gartrell will lead the effort, with Dr. Guerin assisting as needed. The time budgeted for Dr.’s Gartrell and Guerin time on this task is an in-kind contribution from CCWD.
Background – Dr.’s Denton, Gartrell and Guerin have been investigating POD issues since they became apparent in 2005. Their analysis of the relationship between western delta salinity in the fall and delta smelt population indices has generated numerous discussions, including a serious proposal to increase reservoir releases to decrease fall salinity in the Delta with the intent of increasing the likelihood of adult delta smelt survival and successful reproduction. They have also investigated the link between recent increases in fall salinity and the spread of the invasive Asian Clam, as discussed previously in this document. This hypothesis is currently open, and is being investigated in the current IEP/POD workplan (IEP, 2006) and via other funding for USGS and academic researchers. A primary driver behind this proposal is the need to extend CCWD preliminary analyses spatially and temporally, and to pin down the cause behind the increases in fall salinity. The main hypothesis in this study was proposed as a leading contender responsible for the changes in seasonal delta salinity patterns. If the preliminary data investigations falsify the hypothesis, an alternate conceptual model will be developed. Dr. Denton will be available to provide input to concept development and synthesis results during the entire project (pers. com.).

Input: Interim results from each of the tasks. 

Output/Deliverable: - Synthesis of results to be documented in writing in the semi-annual and final reports; preparation of technical papers to be submitted either to the IEP Newsletter or to journals such as San Francisco Watershed and Estuary Science; other documentation as required.
TASKS 6 and 7 – DSM2 Modeling and Temperature Analysis 
Investigators: Dr. Marianne Guerin, Dr. Mike Deas 
Background – The most important DSM2 model capabilities for this research are the salinity and volume fingerprinting options. Using these options, it is possible to track the salinity or the volume of water contribution from any source in the model domain. The DSM2 Historical simulation is currently used to simulate historical flow and salinity conditions in the Delta. Model results for salinity and Dissolved Organic Carbon (DOC) appear in the MWQI Weekly Water Quality Report. The current model dataset of boundary conditions replicates flow and salinity conditions in the Delta for the period 01/1991 – 06/2005, with a one-year spin-up period in 1990. By January, 2007, the model will be extended back to 01/1987 – 12/2006, with a one year spin-up period in 1986. DSM2 is remarkably well-calibrated for salinity (and for DOC).  DSM2 also has the capability of modeling temperature (Rajbhandari, 2004).

Although the focus on water temperature is not as detailed as for salinity, there are model studies and field data that are available.  These efforts include flow and temperature modeling and monitoring on the Sacramento River and San Joaquin River, as well as within portions of the Delta (AD and RMA, 2002; Deas et al., 1997).  Although temperature control in the Delta from reservoirs on the Sacramento and San Joaquin Rivers is largely impractical, these operations may have an effect on Delta conditions so historical data will be investigated to determine the potential magnitude of such effects. If the DSM2 temperature module turns out to be impractical for modeling in the Delta, an equilibrium model based on local meteorological conditions is an alternative.  For example, by calculating temperature on a daily basis then aggregating up to larger time steps, we may be able to get a representative average at a few points during several time periods to test practicality of the task.  
Definition of Work – Using the historical DSM2 model and results from Tasks 2 and 3 to develop boundary conditions, we will run a series of scenarios, sketched below, and analyze the resultant salinities in the regional aggregation from Task 2, and in the delta smelt ‘salinity habitat regions’. If possible, we will determine the temperature effects in the Sacramento and on the San Joaquin and in the Delta (if any) under each of these scenarios based on existing studies, field data, and/or using the methods outlined above. The DSM2 Historical Model will be used as a Base case, covering the period 1986/7 – 2006. Using the regions defined in Task 2 and DSM2 volume and salinity fingerprinting, modeled salinities will be aggregated over the resultant regions using either monthly time periods or the temporal aggregation from Task 2. The source of the salinity in each of these regions will be determined using fingerprinting output, and used to calculate the costs of water associated with salinity reductions as appropriate. One set of scenarios will investigate releasing additional ‘Hypothetical EWA Water’ down both the Sacramento and the San Joaquin Rivers to create a more favorable ‘salinity habitat’ for delta smelt in the fall. Depending on the results of Task 3, there may be up to nine scenarios. DSM2 is easy to run, and the main DSM2 tools for analyzing output have already been developed, so this work will be relatively straightforward.

The scenarios are expected to answer the following questions, or similar ones, about the relationship between delta smelt salinity habitat and changes in reservoir operations, DCC and HORB operational changes, and changes in exports:

1. Base case – What is the source of the fall salinity shift? Reservoir releases, changes in the timing of exports, or, something else? In addition, what are the flow conditions on Old and Middle Rivers during HORB operations? One scenario.

2. Scenario ‘Shift’ – Given the answer to the Base case questions, does shifting Sacramento temperature releases to the fall decrease salinity enough to improve delta smelt habitat, and, does it increase salinity enough in other months to degrade smelt salinity habitat? One Scenario: Run DSM2 by SHIFTING reservoir releases for winter-run Chinook salmon temperature protection, or some other operation if indicated, to the fall.

3. Scenario ‘Add EWA’ – As in the previous scenario, if we ADD an equivalent amount of release down the Sacramento during the Fall to decrease salinity in the smelt ‘salinity habitat’, how much effect would this have on fall salinity? What would happen if we send the equivalent amount down the San Joaquin River in the fall instead? In each case, can we then increase fall base case exports and decrease exports in the summer without hurting fall smelt salinity habitat? Four Scenarios: Run DSM2 by ADDING extra reservoir releases down each of the rivers. Shift the timing of exports in each case.

4. Scenario ‘Change Operations’ – Using information from Task 3, what is the effect of operational changes on flow near the export pumps and on delta smelt regional salinity from: keeping the DCC always open or closed; or, not installing HORB in spring or fall? Two Scenarios – Conditions TBD pending results of the base case scenario and the analysis in Task 3. Compare each change with the Base Case.

5. Scenario ‘Change Exports’ How much of decrease would it take in export operations to create an optimal delta smelt salinity habitat all year? One scenario.

Note that the salinity (and flow) effects will be determined regionally and temporally over each scenario, and fingerprinting results will be analyzed to quantify the magnitude of each of the changes by source location, and to quantify the potential ‘water cost’ for relevant operations. MATLAB tools will be developed in Task 9 to automate the analyses.

Staffing: Dr. Deas will be responsible for all temperature-related analyses. Dr. Guerin will perform and analyze DSM2 models and scenario output. 
Input: Using the DSM2 Historical model as a Base case, the DSM2 salinity modeling input is the regionalized dataset from Task 2, and operational and boundary conditions for hypothetical scenarios from Task 3. For the temperature analysis, raw data input will be meteorological data and historical temperature data in the Delta (this is sparse). Much of the data needed will have been organized in Task 3, or is available from previous analyses (Deas et al., 1997). 

Output/Deliverable: The main output from this work will be an analysis of contributions to seasonal salinity from various sources or operations using the regional and temporal aggregations, i.e., the delta smelt ‘salinity habitat’, developed in Task 2. In addition, the water costs to change salinity for delta smelt habitat improvement will be calculated. For the Historical model, this work will quantify the source of seasonal salinity changes noted by Denton. For hypothetical scenarios, this work will quantify the operational changes and reservoir releases that contribute to salinity changes, as well as reservoir releases or operational changes needed to optimize delta smelt salinity habitat. The DSM2 modeling has value independent of this research – the scenarios could also be used to determine the movement of pesticides, real or hypothetical, through the Delta. CCWD currently has a beta-version of a MATLAB visualizer that is capable of visualizing DSM2 flow and salinity output, as well as the difference between two model outputs (See Task 9). DSM2 analyses will be included in the semi-annual reports and the final report. Boundary conditions for the salmon population models in Task 8 will be developed from each of the hypothetical scenarios. Results will be entered in the GIS dataset.

TASK 8 – Salmon Population Modeling 
Investigators: Dr. Marianne Guerin, Mr. Steve Cramer
Background – The purpose of this task to assess potential changes to two Chinook salmon populations, winter-run on the Sacramento River and fall-run on the San Joaquin, from the flow or operational changes used in the hypothetical scenarios developed in Tasks 6 and 7. In addition, the cost of water for salmon protection will be calculated.

The Winter-run Chinook Salmon Integrated Modeling Framework (IMF) model (Cramer et al., 2004) was developed by a team of fisheries consultants to predict the change to winter-run Chinook population by changes in water management, harvest regulation, hatchery augmentation, and stream habitat alteration. The model, implemented in EXCEL, is intended to be used to understand probable responses of fish populations. Specific parameters that will be varied in this proposal include reservoir release water temperature, DCC operation, export flow, and Sacramento River flow at Freeport or salinity at Collinsville. The San Joaquin River (SJR) Fall-run Chinook Salmon Population Model (CDFG, 2005) is also implemented in EXCEL. Specific parameters that will be varied in this proposal include the daily position of HORB in each of the years simulated and the maximum flow level HORB will operate within, and San Joaquin River flow at Vernalis on a daily basis. The model predicts salmon escapement abundance from various tributaries (Stanislaus, Tuolumne, Merced and San Joaquin Rivers), and several water accounting tables, such as the amount of water used for fishery beneficial use as a percentage of October through July run-off.

The IMF and the SJR Chinook salmon population models have each received positive and negative reviews (SJRG, 2006; Jager, 2006; Smith, 2004). The strength of these models in the context of this proposal is that they are simple, and the boundary conditions needed to run the models are variables being tested in our scenarios. Other conceptual models have been developed with more complex formulations (Jager and Rose, 2003; Newman and Rice, 1997), but they are not suitable for our purposes.

Definition of Work – Run the two salmon population models to predict populations on the Sacramento and the San Joaquin Rivers using the DSM2 hypothetical scenario boundary conditions and operations. Compare these populations to the base historical salmon population predictions, and document the changes. Calculate the costs of water associated with population improvements. The winter-run Chinook salmon has a higher ESA-value, so changes that improve or degrade this population naturally have higher significance.

Staffing: Mr. Steve Cramer will assist Dr. Guerin in setting up and interpreting the output from the Chinook salmon models, to ensure biological rigor and appropriate usage. 
Input: Flow, operations and salinity conditions from the DSM2 modeling scenarios will be used as the inputs to the two salmon models. The conditions on salmon age structure, etc. are included in the database for each of the models, and will not be varied unless necessary.

Output/Deliverable: Salmon population predictions from the Base Case model simulations will be compared to changes in salmon populations from each of the scenarios, and the associated water costs for improvements calculated. Results will be documented in the Final Report, and possibly in the IEP Newsletter if interesting. 

TASK 9 – Visualization and Regional Analysis of DSM2 Output

Investigators: Dr. Guerin, Technical staff
Background – CCWD currently has a beta-version of a DSM2 output visualization tool developed in MATLAB for visualizing flow or salinity output, as well as the ability to calculate and visualize the difference between two model outputs. This tool will be refined for this project. For the spatial analyses, the intent is to use results of Tasks 4, 6 and 7 to develop a statistical, spatially-explicit predictive delta smelt population model. If in Task 4 spatially-explicit statistical relationships can be developed, similar to the zero-dimensional relationships developed from delta smelt population indices, then additional work will be done in this task to apply the model developed from historical data to the output from the hypothetical DSM2 scenarios.

Definition of Work – Produce visualizations of each of the DSM2 runs, as well as the salinity differences between the scenarios, i.e., ‘residual models’. Use MATLAB and/or GIS statistical tools to analyze spatial delta smelt regressions and other results developed in Task 4.  These analyses will be combined with the results of the hypothetical DSM2 scenario models in the event a statistical model predicting fall and summer delta smelt populations can be developed using flow and salinity variables from Task 4. Two types of specialized software packages will be purchased for use – MATLAB statistical tools, and GIS Arcview tools.

Staffing: Dr. Guerin will perform the more complex data analysis tasks. Technical staff will perform routine programming or GIS database tasks. 
Input: DSM2 model output from Tasks 6 and 7. Regional and temporal aggregation analysis from Task 2, and data from Task 3.

Output/Deliverable: The MATLAB visualization tool will be documented, and the resulting visualizations exported as ‘movies’. This task will develop, populate and finalize the GIS database. Statistical population models developed from the spatial analyses and DSM2 output salinities will be prepared for publication in either the IEP newsletter or in a refereed journal.

4. Feasibility
This is an exploratory proposal, with a short time frame (15 months) and focused objectives to quickly produce results and analyses relevant to water management issues for Chinook salmon species and POD issues, particularly delta smelt. We have limited our focus to ESA species whose survival exerts the greatest influence on operations. We will analyze historical data to tease apart some of the relationships among the main operational factors controlling Delta flow and salinity regimes and upstream temperature control. The principal investigators for the data analysis tasks are each expert in their fields, and/or are intimately familiar with the associated datasets and issues. We will then use numerical models to investigate how these factors relate to delta smelt habitat, salmon population measures, and management options at intermediate time and spatial scales – kilometers and months, respectively. Each model used is well-known to the researcher responsible for the Task, and each model is already calibrated for the base case – existing conditions. None of the work proposed here has any contingencies, or any dependence on the outcome of other projects. 

Dr. Briggs will coordinate the overall management of the project, while Dr. Gartrell will coordinate the conceptual and data synthesis aspects. The smaller tasks within each task are prioritized, so time constraints can be managed without impacting other tasks. The intent is to select an appropriate academic statistician for Task 2, but there is a fall-back option available – U.C Davis has a statistical consulting service available at reasonable rates.
5. Relevance
The focus of the project includes all aspects that the topic Selection Panel regarded as adding high value: analysis and synthesis of existing information (Tasks 2, 3, 4 and 5); modeling (Tasks 7, 8 and 9) which serves to integrate the data and analyses in this project; and, an interdisciplinary nature, as the proposal includes biological, water management and statistical components. The intent of the modeling is to clarify and quantify system level responses, such as changes in salinity and fish populations, to changes in water management, and to calculate the associated water cost. This proposal is also cross-cutting, addressing key components within three research topics – Environmental Water, Trends and Patterns of Populations, and Habitat Availability – and several questions within each topic as follows: 

Topic 1 – Environmental Water  

· Question: What effect could a different amount of environmental water have on fisheries? 

Answer: Four of the hypothetical scenarios in Task 7, concern the effect of changes in the release of EWA water on Chinook salmon species and on delta smelt ‘salinity habitat’; the salmon population modeling, Task 8, then uses the hypothetical conditions to predict population effects.

· Key components: An analysis to determine the most effective way to use environmental water to provide the largest benefits to at-risk fish populations, including an analysis of the most important factors that should be considered in managing environmental water. 

Answer: The proposal analyzes two Chinook salmon populations under different EWA-usage scenarios; and, predictions of salmon populations from each model simulation will be used to quantify the water cost per salmon produced. DSM2 output will be used to calculate the water cost to reduce salinity when appropriate, which effects delta smelt viability.

Topic 3 – Trends and Patterns in Populations and System Response to a Changing Environment
· Question:  What are the driver/response relationships of key species and/or structures or system water operations? How are these relationships best described? What are the implications for management strategies of the type of response of species or structures?

Answer: The drivers are reservoir operations, exports, and control structure operations, and the delta smelt and Chinook salmon respond to them, we will describe these relationships statistically and by using existing models; the proposal investigates the implications of management strategies on the amount of water needed to control delta smelt ‘salinity habitat’, and to protect ESA species such as winter-run Chinook salmon.

· Key components: Response variable selection; driver selection and justification; and, demonstration of heavy use and synthesis of existing information

Answer: The driver variables are upstream reservoir operations, exports, and others; the response variables are salinity and temperature physically, and Chinook salmon and delta smelt biologically; and, the driving intent behind this proposal is to combine data analysis with synthesis.

Topic 4 – Habitat Availability and Response to Change
· Question:  How will future scenarios affect abiotic and biotic drivers and how will these drivers, in turn, affect key species? How will key species respond to these changes? What are the implications for management strategies of the type of response of species or structures?

Answer: We address the question of how much water is needed for ESA species.

· Key components: This project includes an analysis of current habitat extent and condition, and spatially explicit data on delta smelt relative abundance and demographic characteristics Tasks 2 and 4, in which delta smelt ‘salinity habitat’ is defined, and justified statistically. In addition, the project develops and uses spatially explicit models and databases to he potential effects of anticipated stressors on existing habitats in Tasks 2, 4, and 9.

In their recent Work Plan (IEP, 2006), the IEP POD work team detailed their working hypotheses. As the analyses in the current proposal address several of their spatial and temporal hypotheses for delta smelt, the datasets, analyses and results documented in the deliverables should provide additional value to the POD investigations. The results of this proposal will be widely distributed via IEP newsletters and through peer-reviewed journals if appropriate. In addition, the members of the TAC (see Table 2) will have access to all results for review if desired. Dr. Ted Sommer, who is on the IEP/POD team, and also on the TAC for this project, suggested that project results could be presented at internal POD work group meetings.
6. Qualifications 
Dr. Gartrell’s extensive and detailed knowledge of Delta hydrodynamics and water management history clearly provides the expertise and experience needed to synthesize the results from this proposal into a coherent picture of the relationships between seasonal salinity and delta smelt decline, Chinook salmon survival, and water management. He has held leadership positions in the California Bay-Delta Public Advisory Committee (BDPAC) and in various aspects of CALFED operation and roundtables.  Dr’s Gartrell, Briggs and Denton are recognized experts in Delta modeling and in Delta water management issues. Dr. Denton has been involved in many of the fundamental CALFED decision-making processes, such as the application of X2 as an operational criterion. Dr. Denton was Designated Chair of CALFED Operations and Fish Forum, and was recently replaced by Dr. Briggs.

Dr.’s Gartrell, Denton and Guerin have collaborated successfully in the POD problems, and are recognized for developing significant relationships between salinity and the delta smelt decline. Dr. Guerin has expertise in transport modeling at all spatial scales, with extensive practical and theoretical experience, and has managed or worked in numerous multi-disciplinary projects in academia and government research laboratories. Dr. Deas is an acknowledged expert in modeling temperature issues on the Sacramento and San Joaquin watersheds, and on temperature modeling in general. He directed a major proposal for the USGS on historic flow and temperature modeling on the Sacramento. Mr. Cramer is the author of the IMF model used in this proposal. He has been a fisheries consultant for 18 years after serving 14 years with the Oregon Department of Fish and Wildlife.  The focus of his research and consulting has been the population dynamics of salmon and steelhead. Mr. Pyper is a biometrician with expertise in fish population dynamics modeling, stock assessment, experimental design, time series analysis, Bayesian statistics, and risk assessment.

� http://www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-allspecies.pdf


� http://www.swrcb.ca.gov/agendas/2006/june/0607_03pres.pdf


� Estuarine Ecology Team Meeting, August 28, 2006, SFSU, Tiburon Center.


� Estuarine Ecology Team Meeting, May 17, 2006, U.C. Davis
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� http://www.fws.gov/pacific/planning/main/docs/CA/sacriver/Final%20CCP/Appendix%20F.pdf


� http://www.usbr.gov/mp/cvo/ocap/OCAP_BA_Apps/AppB/Tech_Memo_on_U_Sac_Temp_Anal.doc


� � HYPERLINK "http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/models/dsm2/dsm2.cfm" ��http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/models/dsm2/dsm2.cfm� 


� Matt Nobriga, Estuarine Ecology Team Meeting, August 28, 2006, SFSU, Tiburon Center.
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Figure 1. Variation of salinity at Jersey Point in the Western Delta with Sacramento Basin Outflow showing a recent increase in fall salinity. This increase is not seen in other seasons – spring salinity is shown for comparison.
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Figure 2. Western Delta salinity linked with the delta smelt FMWT population index is a strong predictor of the population of juvenile smelt the subsequent summer.
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Figure 3. Since the invasion of Asian Clam in 1987, the summer delta smelt population Index (STN) has shown strong statistical correlation, and visual relationship, with the San Joaquin Water Year Index. The timing of other significant events is shown for completeness.
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Figure 4. Conceptual model detailing the timing and physical and biological factors underlying the work proposed to test the hypothesis.  The salinity in the smelt ‘core habitat’ is under tension from various sources, as illustrated above.
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Table 1 – This Table shows the expected task timeline for the proposal. The Technical 


                 Advisory Committee meetings occur one month after the start of the proposal, 


                 and just before the semi-annual reports. Reports will be completed at months 


                 6, 12 and at the end of the project.
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Name and Contact information�
Expertise/Relevance�
�
Pete Smith


Research Hydrologist, USGS�Placer Hall �6000 J Street �Sacramento, CA 95819-6129 �Tel:   (916) 278-3125; Fax:  (916) 278-3070


Email: �HYPERLINK "mailto:pesmith@usgs.gov" ��pesmith@usgs.gov��
Delta modeling


Hydrodynamic analysis


Tasks 4, 7�
�
Tara Smith


Chief, Delta Modeling Section, Bay-Delta Office�California Department of Water Resources�1416, 9th Street, Room 215-7�Sacramento, CA 95814


Email: � HYPERLINK "mailto:tara@water.ca.gov" �tara@water.ca.gov��Tel: (916) 653-9885; FAX: (916) 653-6077 �
DSM2 Modeling


Tasks 7, 9�
�
Ted Sommer


Chief, Interagency Program


Office of Water Quality


California Department of Water Resources


3251 S Street


Sacramento, CA 95816 


Tel:   916-227-7537  


Email: tsommer@water.ca.gov�
Fisheries Biologist


IEP/POD Team


Delta smelt


Tasks 4, 7�
�
Gary Bobker


Program Director, The Bay Institute


500 Palm Drive, Suite 200


Novato, CA  94949


Tel:   510-506-0150


Email: bobker@bay.org�
Ecosystem Restoration


Environmental issues


Tasks 5, 8


�
�
Mike Chotkowski


Fisheries Biologist, Scientific Support Branch 


Mid-Pacific Region, U.S. Bureau of Reclamation 


2800 Cottage Way


Sacramento, CA


(530) 753-1194�
Fisheries Biologist


IEP/POD Team


Task 2 �
�
David Fullerton


Principal Resource Specialist �Metropolitan Water District of Southern California �916-650-2616 office; 916-502-4737 cell �916-650-2625 fax


Email: dfullerton@mwdh2o.com�
Hydrodynamic analysis


Data Analysis


Delta modeling


Tasks 3,7�
�



Table 2- Technical Advisory Committee Members. The TAC will meet about one month 


               after project initiation, and again just before the six month and one year 


               proposal summaries are due.
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estimated by regression

STN = 7.6 - (3.8)*(Prev JP EC/1000) + 0.58*(Prev FMWT/100)

r ^2 = 0.65, p = 4.0 E-5
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