
CESAM-PD-E       22 March 07 
 
 

DECISION DOCUMENT 
 
 
SUBJECT: Savannah Harbor Expansion Project; 
  Proposed revision to Model-To-Marsh linkage 
 
 
1. A problem has developed with use of the Marsh Succession Models (MSMs) on 
some of the mitigation scenarios.  The scenarios affected are those that substantially 
modify flows between the Front, Middle, and Back Rivers.  The problem results in an 
overstatement of salinity in the Middle and Back Rivers, rendering the MSMs unreliable 
to evaluate wetland impacts on those scenarios.  We’ve identified the Model-To-Marsh 
linkage (M2M) as the source of the problem. 
 
2. The following two courses of action are available. 
 
In Option 1, we would use the EFDC salinity model to identify wetlands that shift from 
fresh to brackish species.  We would do this by examining what marshes change from 
<0.5 ppt to > 0.5 ppt salinity.  We would apply that technique to both the “impact” and 
“mitigation” runs.  We would use the MSM to provide more detail on the vegetation 
changes on the “impact” runs, thereby checking the EFDC results and increasing our 
confidence in the EFDC results.  We would not use the MSM for “mitigation” runs.  This 
Option describes our present condition and plan for proceeding with the wetland 
evaluations. 
 
In Option 2, we would use the EFDC salinity model to identify wetlands that shift from 
fresh to brackish species.  We would apply that technique to both the “impact” and 
“mitigation” runs.  We would revise the M2M as described in the enclosed proposal and 
apply the MSM to both “impact” and “mitigation” runs. 
 
3. The Lead and Cooperating Agencies discussed this issue on 8 March 2007.  The 
MFR, which summarizes the discussions of the meeting, are attached. 
 
4. The USGS would lead the work to revise the M2M.  They estimate it would take 
$110,750 and 12 months to produce a final product (including internal review).  The 
work would include participation of an interagency team to identify flow paths from the 
rivers to specific locations in the marsh. 
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5. The following summarizes the pros and cons of proceeding with the proposed 
revisions (Option 2): 
 
PROS 
 

• The revisions would allow the Marsh Succession Models to be applied to all 
mitigation scenarios presently being considered.  At this time, the MSMs do not 
give reliable results when applied to mitigation scenarios that substantially alter 
flows between the three rivers (Front, Middle and Back Rivers). 

 
• The revisions would include the use of an interagency team, increasing the 

likelihood of those agencies approving the final product. 
 
 
CONS 
 

• The EFDC model in conjunction with spatial data can acceptably be used to 
identify movement of the 0.5 ppt contour, allowing predictions of change between 
freshwater and brackish marsh.  Use of the MSM on the impact runs will provide 
a comparison of the EFDC and MSM impact predictions (without mitigation). 

 
• Revision of the M2M would cost roughly $110,000 and possibly delay decisions 

on the project by a year.  The 1998 Feasibility Report estimated project net 
benefits (benefits – costs) to be about $35,000,000 per year. 

 
• The effectiveness of the proposed revisions and the reliability of the MSM results 

will not be known until after the work is performed.  The proposal acknowledges 
substantial uncertainty regarding accuracy of salinity predictions even with the 
proposed revisions. 

 
• The revised M2M may have to be further modified if additional mitigation 

scenarios are developed.  The further modifications would require additional costs 
and possibly further delay decisions on the project. 

 
 
6. Conclusions. 
 
The project has one accepted method of identifying potential impacts to wetlands (using 
EFDC to identify movement of the 0.5 ppt contour). 
 
The accuracy of that model can be judged by use of the Marsh Succession Models for 
impacts from deepening scenarios without mitigation. 
 
Therefore, the revised M2M – and the Marsh Succession Models – are not required to 
identify wetland impacts from the various harbor deepening alternatives (with 
mitigation). 
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Implementation of the proposed M2M revisions would cost roughly $110,000 and 
possibly delay decisions on the project by a year. 
 
The additional information that may be obtained by revising the M2M does not appear to 
be sufficient to justify the cost of the modifications or delay to the project. 
 
 
7. Recommendation. 
 
Based on the information provided in this document and its enclosures, I believe that 
implementation of the proposed Model-To-Marsh revision is not warranted and 
recommend that the modifications not be pursued. 
 

       
      William Bailey 

Physical Scientist 
Mobile/Savannah Regional Planning Center 

 
 
8. Concurrence: 
         CONCUR  NON-CONCUR  INITIALS 
 
Joseph Hoke 
Hydraulic Engineer                                                                          
USACE Wilmington/Savannah Engineering        
 
T. Alan Garrett 
Project Manager 
USACE Savannah District                                                                                      
 
Ed EuDaly 
Senior Biologist 
USFWS Charleston                                                                                            
 
Ted Bisterfeld 
Ecologist 
EPA Region 4                                                                                               
    
 
Kay Davy 
Fishery Biologist 
NOAA Fisheries Charleston                                                                            
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CESAM-PD-E        20 Mar 07 
 
 
MEMORANDUM FOR RECORD 
 
SUBJECT: Savannah Harbor Expansion Project; 
  Lead & Cooperating Agency meeting, 08 March 07 
 
 
1. The meeting was called to learn more about a proposal (attached) to revise the 
Model-To-Marsh (M2M) component of the Marsh Succession Models.  Alan Garrett, 
Corps Project Manager, chaired the meeting.  A list of attendees is attached. 
 
2. Bill Bailey provided an overview of the problem. 
 
The Corps has successfully run the Marsh Succession Models to identify changes in 
wetlands from the various channel deepening scenarios.  These are the “impact” runs.  As 
we applied the models to the mitigation scenarios, we observed unexpected results.  For 
some mitigation scenarios, the EFDC runs predict a decrease in salinity but the MSMs 
show shifts to more saline wetland species.  Upon further inspection, we observed that on 
those runs the M2M component was providing higher root zone salinity values than were 
occurring in nearby rivers.  The M2M extrapolates riverine salinity values from seven 
sites to root zone salinity values across the entire marsh surface.  Apparently the limited 
number of points from which the M2M is starting its extrapolation leads to inaccuracies 
in mitigation scenarios that substantially alter flows between the three rivers (Front, 
Middle and Back Rivers).  The M2M takes higher salinity levels on the Front River and 
uses them as a basis for incorrectly predicting higher salinity levels in portions of Middle 
and/or Back Rivers. 
 
3. We described two avenues through which the project could more forward. 
 
In Option 1, we would use the EFDC salinity model to identify wetlands that shift from 
fresh to brackish species.  We would do this by examining what marshes change from 
<0.5 ppt to > 0.5 ppt salinity.  We would apply that technique to both the “impact” and 
“mitigation” runs.  We would use the MSM to provide more detail on the vegetation 
changes on the “impact” runs, thereby checking the EFDC results and increasing our 
confidence in the EFDC results.  We would not use the MSM for “mitigation” runs.  
 
In Option 2, we would use the EFDC salinity model to identify wetlands that shift from 
fresh to brackish species.  We would apply that technique to both the “impact” and 
“mitigation” runs.  We would revise the M2M as proposed and apply the MSM on both 
“impact” and “mitigation” runs. 
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4. Paul Conrads and Ed Roehl provided an overview of the proposed SOW to revise 
the M2M.  This write-up is only a small part of the description Paul and Ed provided. 
 
The present M2M starts with river flows and tidal conditions.  It adds to that foundation 
riverine salinity values from the EFDC model.  The present M2M could be considered 
more a far-field approach since it uses a limited number of riverine salinity values and 
extrapolates them across the entire marsh surface.  It determines a relationship between 
river salinity and the well gages through time-delayed input signals and moving window 
averages between river salinity and pore-water salinity.  The M2M was designed to 
primarily identify changes in root zone salinity that occur longitudinally in the estuary 
(along the length of the river). 
 
The proposed revisions would allow the M2M to better identify lateral changes in root 
zone salinity that occur across the estuary (between different rivers or away from a single 
river).  These revisions would start with a more detailed network of river salinity stations.  
It would then extrapolate those values to nearby areas of marsh.  This could be 
considered more of a near-field approach.  Additional marsh well data would be obtained 
to establish strong relationships between river and marsh root zone salinities.  The Q-
zone approach would be used as a starting point for the river to marsh flow paths.  An 
interagency panel would be used to identify those pathways and guide the model 
revisions. 
 
Uncertainty in the results of this M2M revision include three components:  (1) Quality of 
the original data, (2) Quality of the data used to forecast or hindcast to fill in missing 
data, and (3) Quality of the data from EFDC.  These are the same sources of uncertainty 
with use of the present M2M.  This revision will require development of additional 
synthetic data to fill in records for the extra river sites that will be used. 
 
5. The group then asked questions of Paul and Ed Roehl about the proposed work. 
 
What will be the reliability of the results when using more synthetic data?  Would the 
public accept the use of more synthetic data?  RESPONSE:  The reliability will not be 
known until the model is produced.  However, data for the existing M2M show it is 
highly reliable for use with the present configuration of the estuarine rivers.  As with any 
model, the ultimate accuracy of the revised model’s predictions would not be known until 
after post-construction monitoring is performed. 
 
What will be the reliability of the results when using data from the GPA stations?  Those 
data were determined to be unacceptable in development of the existing M2M.  
RESPONSE:  Data from the GPA stations were not used in the existing M2M primarily 
because of their short period of record.  A much longer – and therefore more reliable – 
record exists for the USGS gages.  The GPA stations would be used in the model 
revisions to provide a finer grid of river locations from which to extrapolate salinity 
levels across the marsh surface.  The finer grid should increase the accuracy and 
reliability of the model predictions within specific marsh areas.  The additional stations 
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would also allow a more detailed quantification of the sensitivity of marsh areas to local 
riverine conditions.  The GPA stations also provide data obtained during 1997 – the flow 
conditions that are being modeled during the mitigation analyses.  The reliability of the 
revised models would not be known until they are developed. 
 
What are the differences between the GPA stations, marsh gages, and USGS gages?  
RESPONSE:  The differences include both duration and density.  The marsh gages 
provide salinity information in the marsh root zone at 7 sites from 1999 to 2005 and 10 
GPA sites from 1999 to 2002.  The GPA stations hare 14 riverine stations with data from 
portions of 1997 and 1999.  The USGS gages provide salinity information at 4 riverine 
sites for many years. 
 
What will be the reliability of the final predictions if the development of the revised 
model includes extensive synthetic data?  RESPONSE:  Models are regularly developed 
and applied when only limited actual data exists.  Synthetic data is an accepted technique 
in the modeling community when insufficient historical data exists. 
 
If new algorithms need to be developed for each mitigation plan, it could appear that we 
have developed a model just to show the results we want on the plan we want.  If the 
same model is not used to evaluate all plans, how can we ensure we are evaluating all 
plans to the same degree of accuracy?  RESPONSE:  The same procedures would be 
followed to evaluate all plans, even if the models differ. 
 
The existing M2M and its algorithms appear to work well with the present river 
configuration.  If new algorithms only are effective for the mitigation plans that 
substantially modify river flows, how can we ensure their accuracy?  RESPONSE:  The 
change from a “far-field” approach to a “near-field” approach increases the likelihood 
that the revisions would be accurate when flows are substantially modified.  The 
reliability of the results will not be known until the models are developed. 
 
The MSM provides more detailed information on expected wetland changes than does the 
EFDC model.  Do we really need those more detailed predictions for each mitigation 
scenario?  RESPONSE:  If reviewers want the detailed information, the revised M2M is 
the only way to obtain it. 
 
Although a provisional version may be available in 5 months, the project will need a fully 
accepted version before it could release a report containing results using this approach.  
The final report is scheduled to be available in 12 months.  If complications occur that 
delay the work, the date would extend further.  A 12-month delay in the project would be 
a major impact to GPA.  RESPONSE:  Reaching a timely decision on this project is a 
goal of all the Cooperating Agencies. 
 
The proposed revisions would likely extend the duration of the project.  That extension 
may decrease the reliability of other analyses, requiring they be updated.  That would 
require additional time and money.  RESPONSE:  Reaching a timely decision on this 
project is a goal of all the Cooperating Agencies. 
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Some of the mitigation scenarios appear to decrease the tidal range.  The USFWS may 
not be able to support those plans as a substantial decrease in the depth of flooding over 
the marsh may adversely affect nekton use of those areas.  The plans which have the most 
effect on tidal range are the ones that substantially alter flows between the three rivers.  
RESPONSE:  The proposed M2M revisions would not be beneficial if the final 
mitigation plans do not include measures that substantially alter flows between the three 
rivers. 
 
Have the status and trends of wetlands since the last harbor deepening been taken into 
account?  RESPONSE:  Both the M2M and the MSM are based on data obtained since 
the last deepening. 
 
Would the proposed revisions be necessary for the post-construction monitoring and 
adaptive management?  RESPONSE:  The EFDC will be used to ensure that changes in 
riverine salinity that are predicted are not exceeded.  The existing M2M and MSM could 
be used to provide a perspective on what should have been expected in the wetlands with 
the observed flows if no further deepening occurs. 
 
 

 
 
William Bailey 
Physical Scientist 
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SAVANNAH HARBOR EXPANSION PROJECT 
 

LEAD & COOPERATING AGENCY MEETING 
08 MAR 2007 

 
ATTENDEES 

 
 
 
Ed EuDaly   USFWS – Charleston    (by phone) 
 
Ted Bisterfeld   EPA Region 4     (by phone) 
 
Kay Davy   NOAA Fisheries - Charleston   (by phone)   
 
Alan Garrett   USACE - Savannah 
Joe Hoke   USACE – Wilmington/Savannah  
Hugh Heine   USACE – Wilmington   (by phone)   
Elizabeth Godsey  USACE – Mobile    (by phone)   
William Bailey  USACE – Mobile/Savannah 
 
Hope Moorer   GPA      (by phone)   
Larry Keegan   Lockwood-Greene Engineers / GPA  (by phone)   
Morgan Rees   Rees Engineering / GPA   (by phone) 
 
Paul Conrads   USGS – Columbia    (by phone) 
Ed Roehl   Advanced Data Mining    (by phone) 
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Estimation of Pore-water Marsh 
Salinities for Harbor Reconfiguration Scenarios 

  
By 

Paul Conrads, U.S. Geological Survey – Water Resources Division 
Edwin Roehl, Advanced Data Mining, LLC  

Wiley Kitchens, U.S. Geological Survey – Biological Resources Division 
Zachariah Welch, Florida Coop Unit, University of Florida, 

 
INTRODUCTION 

 
Under sponsorship from the U.S. Army Corps of Engineers (USCOE) and the Georgia 
Ports Authority (GPA), the Lower Savannah River Estuary and the surrounding 
freshwater tidal marshes of the Savannah National Wildlife Refuge (SNWR) have been 
studied for years by a variety of governmental agencies, water users, universities, and 
consultants. Their interests are in maintaining water quality and predicting the potential 
impacts of a proposed harbor deepening on the estuary and tidal wetlands. Two major 
initiatives were the development of a three-dimensional hydrodynamic model (3DM) by 
a team of hydrologists, and the development of a marsh succession model (MSM) by a 
team of plant ecologists. The 3DM predicts changes in riverine water levels and salinity 
in the system in response to potential harbor changes. The MSM predicts plant 
distribution in the tidal marshes in response to changes in the water-level and salinity 
conditions in the marsh. A mechanism for linking riverine and marsh behaviors was 
needed.  

 
To support 3DM and MSM development, many disparate databases were created that 
described the natural system’s complexity and behaviors, but these databases had not 
been compiled into a usable form. Variables having particular relevance include those 
describing bathymetry, meteorology, streamflow (Q), water level (WL), specific 
conductance (SC), water temperature (WT), and dissolved oxygen concentration (DO). 
Most of the databases were composed of time series that varied by variable type, periods 
of record, measurement frequency, location, and reliability. Scientists recognized that 
data-mining techniques, which include artificial neural networks (ANN), could be used to 
link riverine and marsh behaviors. 

 
To link the riverine predictions of the 3DM to the MSM, a “model to marsh” (M2M) 
model was developed by the U.S. Geological Survey and Advanced Data Mining (ADM) 
using data mining techniques that included ANN models. The ANNs simulated riverine 
and marsh water levels and salinity in the vicinity of the SNWR for the full range of 11½ 
years of data from riverine and marsh gaging networks. With M2M, the 3DM and MSM 
comprise an integrated decision support system for use by various regulatory and 
scientific stakeholders. The development and application of the M2M is described in 
Conrads and others (2006). 
 
The M2M has been successfully applied to evaluate the effects of deepening the harbor 
by generating the inputs to the MSM from the outputs of the 3DM. The M2M also has 
been used to evaluate potential mitigation scenarios for minimizing the impacts from 
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harbor deepening. These mitigation scenarios included minor and major changes in 
channel configuration and flow distribution in the system. 
 
PROBLEM STATEMENT 
 
Eight mitigation scenarios that involve major structural changes in the vicinity of the 
SNWR, such as the installation of flow diversion structures and the cutting and filling of 
channels, have been proposed for evaluation. The M2M was not designed to 
accommodate mitigation scenarios that involve major structural changes. Currently 
(2007) there is not a mechanism for reliably estimating pore-water salinities in the marsh 
from riverine inputs for these major mitigation scenarios. 
 
The responses of the SNWR to major changes are very likely to be different from any 
behaviors ever manifest in the historical record. While the 3DM can be configured to 
estimate riverine WL and SC with the major changes, it is limited to riverine estimates 
and cannot be credibly configured to estimate pore-water salinities in the marsh. Using 
data mining techniques, Conrads and others (2006) found that pore-water salinities 
integrate riverine WL and salinity variability over several months and often there are long 
time delays between riverine salinity conditions and marsh pore-water salinity response. 
A new tool similar to the M2M, hereafter referred to as M2M.2, needs to be developed to 
estimate pore-water salinity concentrations to evaluate mitigation scenarios involving 
major structural changes. To provide the necessary technical input and agency review, it 
is proposed that a multi-agency and multi-disciplinary technical working group be 
formed of the USGS-S.C. Water Science Center (USGS-SCWSC), the USGS-Florida 
Coop Unit (USGS-FCU), U.S. Fish and Wildlife Service (USFWS), U.S. Army Corps of 
Engineers (USACOE), and Advanced Data Mining (ADMi). 
  

OBJECTIVES 
 
There are three objectives for this project.  
 
1. Develop new marsh salinity estimation models - for estimating pore-water salinities at 

marsh gaging sites for various mitigation model scenarios, using either measured or 
predicted river water level and specific conductance data at gage locations. It is 
possible that algorithms would have to be developed for each mitigation scenario. 

 
2. Develop new salinity spatial interpolation scheme(s) – that estimate salinities 

throughout the SNWR from the USGS marsh gaging sites. The current scheme is 
embedded in the M2M’s two-dimensional visualization and gridding application 
(2DVG). The new schemes must reflect greater lateral variation in the pore-water 
salinity than the current scheme. It is possible that new schemes would be created for 
each mitigation scenario.  

 
3. Develop M2M.2 2DVG and Simulator Applications – to deploy the work products 

from Objectives 1 and 2. This includes adapting the 2DVG and the M2M Simulator, 
which estimates salinities at the USGS marsh gages.  
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SCOPE 
  
The scope of this study is to address the relation between the riverine salinity and the 
pore-water marsh salinity for harbor deepening mitigation scenarios. The study’s major 
tasks are described below.  
 
Task 1  Develop Pore-water Estimation Matrix – that defines the usable permutations of 

input USGS or GPA river gages to estimate salinities at each marsh gaging 
station for each mitigation scenario. Consideration will be given to the 
proximities of gages and flow diversion structures, and the overall quality of 
input gage measured, forecasted, and hindcasted data used for developing or 
generated by the M2M. 

 
Task 2  Develop predictive models - for each permutation defined in Task 1. This 

involves determining optimal time delays and moving window averages between 
river salinity and pore-water responses through correlation analysis. ANNs 
provide the best possible correlations in terms of the process information they 
provide and their prediction accuracy. The number of models to be developed 
depends on the permutations defined in Task 1. 

 
Task 3  Define area of influence and spatial gradient of the USGS marsh gages - for the 

new salinity spatial interpolation scheme. 
 
Task 4  Develop M2M.2 2DVG application - to reflect findings from Task 3. It is likely 

that multiple visualizations and grids will need to be developed to accommodate 
all of the mitigation scenarios. 

 
Task 5  Develop M2M.2 Simulator – like M2M, it will integrate the 3DM with the MSM 

using the models from Task 2 and the M2M.2 2DVG application from Task 4, 
but tailored for the mitigation scenarios involving major structural changes.  

 
Task 6  Document the approach and results. 
 

RELEVANCE AND BENEFITS 
  

An important part of the USGS mission is to provide scientific information for the 
effective water-resources management of the Nation. To assess the quantity and quality 
of the Nation’s surface-water, the USGS collects hydrologic and water-quality data from 
rivers, lakes, and estuaries using standardized methods, and maintains the data from these 
stations in a national database. Often these databases are under utilized and under 
interpreted for addressing contemporary hydrologic issues. The techniques used to 
develop the M2M and models of the Cooper River (Conrads and Roehl, 1999), the 
Beaufort River (Conrads and others, 2003), and the Pee Dee River (Conrads and Roehl, 
2006) demonstrate how valuable information can be extracted from existing databases to 
assist local, state and Federal agencies.  
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The project benefits the Georgia Ports Authority and the Army Corps of Engineers by 
providing data analysis needed by water-resource managers to make decisions concerning 
mitigation of the Savannah River Estuary to accommodate potential deepening of 
Savannah Harbor. The project builds on previous studies relating river salinity to marsh 
pore-water response. This is consistent with primary USGS activities that include 
providing knowledge and expertise to assist various levels of government in 
understanding and solving critical water-resources problems.  
 

TECHNICAL APPROACH 
 
The historical data do not contain information explicitly about the impacts of the 
proposed mitigation scenarios involving major structural changes. For these 
circumstances, the best available data, tools, and human expert knowledge and 
experience must be brought to the problem. The development and use of the M2M.2, and 
related findings will provide the best possible resources for evaluating the major 
mitigation scenarios. 
 

Available Data and Utilities from M2M Study 
  
The M2M is based on river and marsh WL and SC ANN models for the USGS and GPA 
gaging stations in the river and marshes. These are empirical models and for a system as 
complex as the Savannah River estuary, it was critical that measured, not estimated, data 
were used that cover the greatest range of hydrologic and tidal responses. For making 
predictions of pore-water salinity, the most valuable data for M2M development were 
from the long-term USGS river and marsh gaging stations, which covered over 11 years 
and 5 years respectively, and comprise a range of flow conditions from drought to floods. 
Of lesser value were the GPA river and marsh data, which were limited to short 
measurement periods and a small range of hydrologic conditions. The USGS river data 
are the major inputs for the final pore-water salinity models and a few of the GPA 
stations are used to reduce the error in the pore-water models. 
  
The M2M Simulator and 2DVG applications will be valuable for estimating pore-water 
salinity for the major mitigation scenarios. The Simulator integrates a collection of 
individual models of the GPA and USGS river gages with the various field databases, 
such that all of the WL and SC data from the river gages were individually modeled. By 
hindcasting and forecasting the short-term data collection periods at the GPA sites, a 
complete database was generated for the 11½ year period from 1994 to 2005. This feature 
was incorporated to allow scientists and managers to simulate any period from the last 
deepening and analyze system responses at any gage location. The 2DVG provides 
spatial interpolation-extrapolation and visualization of the marsh responses across the 
marsh wells. It is easily modified to accommodate new pore-water estimates at the USGS 
marsh sites and new interpolation-extrapolation schemes across the marsh. 
 

Pore-water Estimates for Mitigation Scenarios 
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The MSM models use the growing-season average pore-water salinity as input. The 
measured, forecasted, and hindcasted SC records at the GPA river sites can be used in 
conjunction with the USGS sites to determine the best estimates of the average pore-
water salinity during the growing season. Estimates will be based on the assumption that 
a marsh gage responds to nearby river gage(s) and that the candidate river gage(s) may 
vary by mitigation scenario. Often good correlations between two time series, such as 
river and marsh SC, can be obtained by adjusting the time delay and moving window 
average of the explanatory variable (river SC) to achieve the highest correlation with the 
response variable (marsh SC). For highly dynamic SNWR, trend information proved 
invaluable for estimating inertia-driven behaviors. Representing trends requires at least 
two input variables whose values represent two different times or two different locations 
at the same time, or both. 
 
To estimate pore-water responses to mitigation scenarios, river sites will be selected as 
candidate explanatory variables for each mitigation plan. For example, the schematic for 
Mitigation Plan 5 is shown in figure 1. In this scenario, it is believed that salinity 
intrusion occurs further up the Front River and that freshwater flows increase down the 
Little Back River. The riverine gages closest to the Middle River 1 (M1) for estimating 
its pore-water salinity are GPA12 and GPA12r. For Back River 2 (B2), gages 8979, 
89784, and GPA15 appear to be good candidates. Final river site selection will be based 
on the quality of the measured, hindcasted, and forecasted GPA data. 
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Figure 1. Locations of river and marsh gages and schematic of Plan 5 mitigation 
scenario 
 
The Pore-water Estimation Matrix will be developed of mitigation plans, marsh gages, 
and candidate river sites. It is anticipated that some of the plans will share configurations 
of river gages to marsh gages. Pore-water estimates will be determined for each plan and 
the estimates will be compared with the predictions made with the original ANN models 
of the M2M. 
 

Pore-Water Salinity Projections Across the Marsh 
 
The time-series data of the individual marsh gages depict the longitudinal gradient of the 
system to various hydrologic and tidal conditions. The time-series data do not support the 
lateral gradients in the system. The M2M’s 2DVG is based on estimates of the 
longitudinal variations from model predictions at the marsh sites. A simple interpolation 
scheme is used to estimate the lateral gradients.  
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For the mitigation scenarios, marsh wells will be assigned to the vegetative zones (Q-
zones) depicted in Figure 2 and added to the Pore-water Estimation Matrix. Lateral 
variation across the marsh will be based on field experience and limited data taken during 
transect studies by the Florida Coop Unit (FCU) at the University of Florida. 
 

 
 

Figure 2. Locations of Q-zones in the tidal marsh in the vicinity of the Savannah 
National Wildlife Refuge 
 

Integration of Hydrodynamic Model and Marsh Succession Models – M2M.2 
  
Like M2M, M2M.2 will integrate output from the 3DM and generate the marsh salinity 
grid for input to the MSM. Linking the 3DM is accomplished by reading in a file of 
simulated differences in SC values for the river for the mitigation plan scenarios. The use 
of differences, or deltas, from the 3DM increases the prediction accuracy of the model. 
Mechanistic model, such as the 3DM, typically are better suited from predicting relative 
differences between two conditions rather than making absolute predictions for one 
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scenario. The differences (deltas) from the 3DM are added to the historical time series for 
the scenario and then used in the M2M.2. The application estimates pore-water salinity at 
the marsh gages and the salinity grid is generated for input to the MSM applications.  
 
Figure 3 describes the data and workflow from the 3DM, through the M2M.2 Simulator 
and 2DVG applications, and to the MSM. Here, the eight mitigation scenarios are 
handled separately, providing each with completely customized solution bearing the best 
ideas of the multi-disciplinary team. At left the 3DM is run for each scenario and separate 
output files are generated. Next at top center, in the M2M.2 Simulator the user selects the 
scenario to be run, the appropriate 3DM output file is loaded, the appropriate prediction 
models are engaged, a simulation is run, and an output file of marsh specific 
conductivities is generated. Next at right, in the M2M.2 2DVG the user selects the 
scenario to be run, the M2M.2 Simulator output file is loaded, and an output file of 
spatially interpolated marsh salinities is generated, which can be loaded into the MSM. 
  

 
 

Figure 3. Schematic of data and workflow through the M2M.2. 
 

UNCERTAINTY OF OUTCOME 
 
In this technical approach, each scenario will have a custom solution developed by a 
multi-disciplinary technical team composed of the USGS-SCWSC, the USGS-FCU, the 
USFWS, USACOE, and ADMi personnel that are most knowledgeable in the issues, 
history, and science of the harbor deepening. As with the M2M, the behaviors and 
predictive performance of the new “local” models of the M2M.2 will be fully described 
to the technical team. The performance of the models is expected to be comparable to 
those of the M2M, with the major sources of uncertainty to be associated with the quality 
of the data collected from the GPA sites, the quality of the SC hindcasts and forecasts at 
the GPA sites, and the accuracy of the 3DM predictions. 
 
Generally, the 3DM prediction accuracy of flow and salinity throughout the model 
domain are better on the Front River and lower portion of the system. The prediction 
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accuracy is not as good in the vicinity of the SNWF and farther inland in the system. This 
can be seen in the summary statistic of the model performance for the 50 percentile and 
the coefficient of determination for the 1999 calibration data and the 1997 validation data 
set (Tetra Tech, 2006). The accuracy of estimates made by the 3DM for scenarios 
involving major structural changes is unknowable a priori, but very likely to be less 
accurate that the calibration and validation prediction. The used of differences from the 
3DM will reduce absolute prediction error by the model. The 3DM’s performance will be 
the primary source of uncertainty, but significant reliance on its estimates inside the 
SNWR is unavoidable.  
 
The technical team will leverage the tools in hand to formulate a process of mitigating 
deepening-related problems. The process may employ a succession of structural changes 
of varying impact severity. It is likely that each change will have surprising results that 
can only be determined post priori by continued field monitoring and data analysis. This 
suggests a conservative, iterative mitigation approach composed of these steps - 
hypothesize, change, test, review, and most importantly, learn will be required. 

 
PROJECT COORDINATION 

 
In making estimates of system responses to the structural changes in the SNWR, it is 
essential that the appropriate technical resources from the agencies be involved. It is 
proposed that periodic meetings of the technical working group (USCOE, USF&W, 
USGS-SCWSC, USGS-FCU, and ADMI) be scheduled to review interim products such 
as the pore-water estimation matrix, pore-water estimation models, and prototypes of the 
M2M.2 2DVG and M2M.2. Many of these meeting could be accomplished by 
teleconferencing.  
 

REPORTING 
  
The project will be documented in a USGS Open-File Report, tentatively titled 
“Estimation of Tidal Marsh Pore-water Salinity in the Vicinity of Savannah National 
Wildlife Refuge for Savannah Harbor Deepening Mitigation, Coastal South Carolina and 
Georgia.” A provisional copy of the report will be available for colleague/cooperator 
review 3 months after the completion of the project. The review process will require an 
additional 5 months. A limited number of paper copies of the report will be provided to 
the cooperating agencies; however, the primary outlet for the publication will be the 
Internet. A link to the report will be posted on the USGS South Carolina Water Science 
Center web sites. 
 
BUDGET AND SCHEDULE 
 
The Project will be collaboration between the USGS-SCWSC, the USGS-FCU, and 
ADMi. The project will take approximately 4-5 months to complete the technical analysis 
and develop the provisional M2M.2 from the start date. The final documentation of the 
project will be complete approximately 10-12 months from the start date. The total cost 
of the project will be $110,750. An itemized description of the tasks and required hours 
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are listed in Table 1 and a timeline for completion of the project from initiation is 
presented in Table 2. 
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Table 1. Tasks, description, notes, hours, and costs. 

 
 
Table 2. Timeline for completion of project. 
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Keegan, Larry/SAV


From: Mueller.Heinz@epamail.epa.gov
Sent: Monday, April 02, 2007 11:19 AM
To: Bailey, William G SAM@SAS
Cc: Welborn.Tom@epamail.epa.gov
Subject: RE: Savannah Harbor Expansion Project - Decision on Model-To-Marsh proposal


Bill, per our earlier e-mail, R4 concurs with your proposed approach.
Heinz


                                                                        
             "Bailey, William                                           
             G SAM@SAS"                                                 
             <William.G.Baile                                        To 
             y@sas02.usace.ar         Heinz Mueller/R4/USEPA/US@EPA     
             my.mil>                                                 cc 
                                                                        
             04/02/2007 11:12                                   Subject 
             AM                       RE: Savannah Harbor Expansion     
                                      Project - Decision on             
                                      Model-To-Marsh proposal           
                                                                        
                                                                        
                                                                        
                                                                        
                                                                        
                                                                        


Did you hear anything from Water Mgt Division?


BB
-----Original Message-----
From: Mueller.Heinz@epamail.epa.gov
[mailto:Mueller.Heinz@epamail.epa.gov]
Sent: Thursday, March 29, 2007 11:47 AM
To: Bailey, William G SAM@SAS
Cc: Hamilton.John@epamail.epa.gov
Subject: Re: Savannah Harbor Expansion Project - Decision on Model-To-Marsh proposal


Yes Bill, the way Ted left it that unless I hear from the W ater Div to the contrary by COB today, we will 
send you a concurrence e-mail tomorrow morning. HM


             "Bailey, William
             G SAM@SAS"
             <William.G.Baile                                        To
             y@sas02.usace.ar         Heinz Mueller/R4/USEPA/US@EPA
             my.mil>                                                 cc
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             03/29/2007 10:42                                   Subject
             AM                       Savannah Harbor Expansion Project
                                      - Decision on Model-To-Marsh
                                      proposal


Ted Bistereld said he would be out of the office this week and next.  Is someone continuing actions to 
obtain an EPA position on my recommendation concerning the USGS proposal to modify the Model-To-
Marsh linkage?


BB
--------------------------
Sent from my BlackBerry Wireless Device





