July 1, 2005

Joseph T. Hoke, Jr., P.E.
U.S. Army Corps of Engineers
Savannah District
P.O. Box 889
Savannah, GA 31402-0889

Dear Mr. Hoke,
We have reviewed the Savannah Harbor hydrodynamic and water quality models
presented in Development of the Hydrodynamic and Water Quality Models for the
Savannah Harbor Expansion Project (SHEP) prepared by Tetra Tech, Inc. on May 20,
2005. The purpose of the review was to determine whether or not the present models are
suitable to evaluate impacts resulting from proposed harbor deepening. The review
included an interim meeting of the model review group in Atlanta on June 16-17, at
which model performance was discussed in detail. The model review group identified a
number of issues and concerns that should be investigated and resolved before the models
are used for final project impact evaluations (see meeting summary attached below).
Depending on the results of these investigations, model re-calibration may be necessary.
Our position is final impact evaluations should wait until these investigations are
complete, the model review group has the opportunity to consider the results, and any
required model adjustment is performed. In the near term, the Department is not opposed
to the use of the present models for preliminary screening purposes.
In addition to the concerns listed in the attached document, the following items would
need to be addressed before the Department could accept the models for use in final
impact analysis:
1. The hydrodynamic model projects too little salt water up the Middle River (see
report figures J-21, J-23, K-21, and K-23). We understand that the neural
network modeling linking the river segments to the marshes depends on salinity
predictions at USGS-gaged locations on the Front and Little Back Rivers and not
on the Middle River. However, stations MR-10 and MR-12R (and by extension,
MR-12) were identified by the Federal agencies as important locations for the
salinity calibration. We also note the model predicts Middle River is well mixed,
so the model under-predicts salinity in Middle River in the mid-depth and bottom
layers as well as the surface layer.

2. The report does not adequately account for the occasional, dramatic differences
between predicted and observed dissolved oxygen which occur primarily in the
1997 confirmation simulation but also to some degree in the 1999 calibration
simulation (see report figures P-1, P-3, P-11, P-5, Q-1, Q-2, Q-3, Q-4, Q-5, and
Q-6). We understand that, in some cases, these differences are thought to reflect
instrumentation problems with the dissolved oxygen monitoring equipment rather
than inaccuracies in the water quality model. We understand that the dissolved
oxygen dataset is currently being screened and possibly corrected when sampling
error is identified. This effort should be concluded and documented, and the
model and report should be modified as necessary. Finally, any significant
differences between model and data that remain should be acknowledged and
explained to the extent possible.
3. The potential impact of oxygen demand loading from the dredge spoil areas has
not been identified. Loadings from the dredge spoil areas should be addressed by
the future Total Maximum Daily Load (TMDL) rather than the SHEP if project
alternatives do not increase loadings to the Savannah or Back Rivers. However, if
project alternatives are in fact expected to increase loadings above existing levels,
then any impacts on dissolved oxygen should be addressed by the SHEP.
4. Our acceptance of the hydrodynamic and water quality models for water quality
certification will depend on more than the ability of the models to evaluate water
quality impacts. In order for the Department to accept the models for certification
purposes, we would also have to determine that the hydrodynamic and water
quality models satisfy the requirements of the wetlands and fisheries impact
evaluations. It is our understanding that these requirements have not yet been
established. Until they are, we cannot give final acceptance of the hydrodynamic
and water quality models for water quality certification.
Overall, we find the model calibration results to be encouraging. The Savannah Harbor
system is complex, and the present models represent this complex system very well in
many respects. We anticipate the issues identified above and in the attached meeting
summary can be addressed prior to final impact evaluations. We appreciate the
opportunity to review and comment on the models and look forward to continued
cooperation on this important matter.

Sincerely,

Alton C. Boozer
Chief, Bureau of Water

ACB/wmc

Savannah Harbor Expansion Model Review Meeting
June 16-17, 2005
Savannah Harbor Expansion Interagency Water Quality Team Meeting
June 17, 2005
Tetra Tech, Inc. – Atlanta, GA
Attendees:
Roy Burke, GAEPD
Paul Lamarre, GAEPD
Wade Cantrell, SCDHEC
Bill Bailey, USACE Savannah District
Joe Hoke, USACE Savannah District
Jim Greenfield, USEPA Region 4
Paul Conrads, USGS (via phone)
Larry Neal, MACTEC
Margaret Tanner, MACTEC
Steven Davie, Tetra Tech, Inc.
Will Anderson, Tetra Tech, Inc.
Yuri Plis, Tetra Tech, Inc.
Agenda:
1. WASP model – consistency with enhanced grid and status of TMDL process
2. Status of calibration report from Tetra Tech
 Issues/concerns from Federal and State agencies
 Dr. Kim’s (ITR USACE) comments
 July 1, 2005 deadline for agency position
3. Application of the models for impact simulations (inputs and outputs)
 Comments from states and other users

I.









Status of TMDL (Jim Greenfield):
EPA will now use one model for the harbor – enhanced grid
WQ standard for dissolved oxygen still being developed, EPA headquarters is
going to talk to GAEPD about proposing the standard
SCDHEC will still have to develop a site specific criteria for SC waters
Recruitment (fish) model will be used to develop the criteria values; being used in
the Escatawpa River Estuary for the dissolved oxygen criterion (3.0 g/L); using
daily dissolved oxygen values and comparing to acute and chronic limits
2004 loads being used to update the TMDL – using July, August, and September
average DMR data – Jim send to MACTEC for review
Riverside Power Plant decommissioned
Kerr McGee immediate oxygen demand load is now removed
Need to check heat loads with GA Power (MACTEC to verify this with GA
Power)
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II.
Issues and Concerns on Final Report on Hydrodynamic and Water Quality
Models:
1. Discussed Dr. Kim’s comments and went around the table discussing issues and
concerns from each agency/group represented.
2. Larry Neal summarized his organization’s concerns in a handout.
3. The group then had a wide-ranging discussion of that included a number of issues.
These are summarized in the next two sub-sections. The first paragraph is the group’s
attempt to develop categories for the comments that describe the amount of effort
expected to address a concern. The second paragraph states the concern and the category
of future effort (in bold) expected to address it. These issues should be considered further
before using the models to identify impacts of the recommended plan.
Ways to address concerns with the models and the reports
The group categorized the concerns according to the level of action that is appropriate to
fully address each concern. The following four categories were developed, roughly in
order of the effort expected:
A
B
C
D
(note:

Explain better in the report, no modeling action needed.
Keep in mind when interpreting the model results.
Additional sensitivity model runs are needed.
Recalibrate / revise model.
a “C” action could turn into a “D” action depending on the results)

Summary of issues and concerns and actions to address each concern [option from
above]:
1.
[B] Marsh water quality loads:
a. [A] Inclusion in the enhanced grid
b. [A] Equal comparison between the TMDL and enhanced grids
c. [C] Is the CBODu too high?
d. [C] Mass exchange – flows and concentration
e. [C] Surface to bottom – CBODu vertical differences are a function of how
marsh areas were loaded into the enhanced model
2.
[C] Offshore boundary:
a. Salinity 34 to 36 ppt versus 32.5 to 35 ppt
i. Mass flux surface to bottom – may need to re-distribute at FR-26
b. Dissolved oxygen saturation 95 to 105% versus 90%
c. Temperature
d. Larry Neal gave info “World Ocean Atlas 2001” with data
e. CBOD decay rate – confirmed 0.5 multiplier on ocean cells
3.
[C] Surface salinity:
a. Model appears to under predict surface salinity on the Front River. How
does this impact the marsh succession modeling? The EFDC will output
salinity for the neural net application, which feeds the marsh succession
model. Right now, the neural net is using the USGS gages located
between the Talmadge Bridge and I-95, located on Front and Back Rivers.
These gages are considered to be mid-depth. The EFDC model is
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predicting salinity well at the bottom and at mid-depth but under
predicting salinity at the surface.
4.
[A & B] Ebb flows and currents:
a. Under prediction of the ebb flows and currents on the Little Back and
Back Rivers
5.
[A] Water level at SR-17 on the Upper Savannah River
a. Potential of adding marsh storage areas upstream of I-95 Bridge
b. Show comparisons at the USGS Hardeeville gage (show plot)
6.
[C & A] Global versus source-specific BOD decay rates
a. Sensitivity of calibration
b. Sensitivity on allocation scenarios (more for TMDL)
7.
[A] Check all point sources and heat loads, especially Plant MacIntosh
(MACTEC to verify)
8.
[none] BOD loads from Corps’ confined dredged sediment placement sites in SC
and potential impacts on dissolved oxygen (future TMDL issue)
9.
[A] Grid convergence test:
a. Show results of the TMDL grid with the same depth;
b. Show results on TMDL grid, enhanced grid, and convergence grid on the
same plots;
c. Show comparisons on the Middle and Little Back Rivers;
d. Perform moving average of results to reduce tidal noise; and
e. Quantification of grid convergence test results.
10.
[B & C] Delay in EFDC model salinity results at US FWS Dock comparisons of
model versus data
11.
[A] Clearer description of 1999 versus 2002 bathymetry and why the 2002
bathymetry data is representative of 1997 through 2003 conditions in the harbor
12.
UA/SA Analysis: The group concluded that the inability to run the models over a
7-year duration was the result of synthetic data that was developed to fill in a data gap
around December 2000. The group concluded that the inability of the model to run
over the entire 7-year period of data does not reflect on the structure of the model or
its performance, and should not be a consideration of the model’s usefulness for its
intended purposes of predicting impacts of the Savannah Harbor Expansion Project,
developing a dissolved oxygen TMDL, or permitting point source discharges.

III.

Model Application for Identifying Impacts to Water Quality.

The Interagency Water Quality Team then discussed application of the models for
identifying impacts to water quality from the Savannah Harbor Expansion Project.
1. The impact evaluation runs should use a varying flow, rather than the uniform flow
that was previously proposed by Savannah District.
2. Dissolved oxygen should be reported at increments of 0.1 mg/L, rather than the 0.5
mg/L that was proposed by Savannah District.
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3. Model results in hourly outputs will be sufficient.
4. BOD loads should use the loads reported in 2004, rather than what was reported in
1999. The loads should be averaged over the entire summer. The loads should be run
through both the RIV1 model and WASP.
5. Potential impacts to the assimilative capacity of the harbor would need to be
identified. This should be performed with the following model inputs:
• August 1999 tides, flows, temperature, and salinity
• Loads from upstream sources should include CBOD and ammonia
NOTE:
A. flows would be varying, rather than uniform as previously proposed
B. flows measured at Clyo are considered representative of the critical
conditions and the 7Q10 flow did occur during 1999
6. Natural condition runs would need to be performed. This should be performed with
the following model inputs:
• Without point sources – no heat and BOD loads in harbor and upstream
• Without nonpoint sources – no stormwater loads, but marshes should be included
• Existing bathymetry (as expressed in calibrated model)
7. Further identification of potential impacts to temperature would be developed as part
of the impact runs for Fisheries, which will include runs over January,
8. For water quality impact evaluation runs, the following scenarios would need to be
evaluated:
A. Natural condition without deepening
B. Natural condition with deepening
C. 2004 point source loads with deepening
D. 2004 point source loads without deepening
9. The Corps expects to perform the following runs to evaluate potential effects of
deepening the navigation channel:
1. existing = 42 feet
2. 44 feet
3. 45 feet
4. 46 feet
5. 47 feet
6. 48 feet
10. The team recognized that the various scenarios and model outputs that had been
requested will require a great deal of effort and would produce a very large quantity of
information. The team also recognized that some of that information may, ultimately, not
be useful. To minimize the time spent developing, presenting, and interpreting model
outputs, the team recommended they meet again as soon as the initial water quality model
runs had been completed. The hope is that the initial outputs would show what type of
information is truly needed to identify impacts from the proposed actions and
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differentiate between the plans. This would allow other information to no longer be
developed, presented or interpreted. The team recommended that the initial runs consist
of (A) 2004 point source loadings, (B) natural conditions, and (C) maximum permitted
loadings. Each of these three scenarios should be run for both the existing channel depth
and the maximum deepening being considered.

Prepared by:
Steven Davie
Tetra Tech, Inc.
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South Carolina Water Science Center
Stephenson Center, Suite 129
720 Gracern Road
Columbia, SC 29210-7651
Phone: (803) 750-6100
FAX: (803) 750-6181
February 28, 2006
Mr. Ed EuDaly
U.S. Fish and Wildlife Service
Suite 200
176 Croghan Spur Road
Charleston, SC 29407
Dear Mr. EuDaly,
I have completed my review of the report “Development of the Hydrodynamic and Water
Quality Models for the Savannah Harbor-Final Report January 30, 2006” prepared by Tetra Tech
(Tt) for the U.S. Army Corps of Engineers – Savannah District. This report and its appendices is
the final report from the draft report we commented on in July 2005. The emphasis of my review
focused on the predictive ability of the model in the vicinity of the Savannah National Wildlife
Refuge (SNWR). Changes to the model since the review of the previous draft have improved the
model. Water-level predictions in the upper reaches at Station SR17 have significantly improved
and demonstrate the model appropriately simulates the riverine and tidal influences on water level
in this area. The salinity predictions in the Middle and Little Back Rivers also have been
improved.
I assumed that the comments from the previous review of the draft report would be
addressed in this report. Four of our comments were not addressed. Two of the comments were
requests for results from the convergence testing and sensitivity analysis to be shown for
locations in the vicinity of the SNWF. The other two comments were a request for clarification of
the source of Fort Pulaski data and a figure summarizing the relative contribution of loading of
oxygen-consuming constituents for the model. Addressing these comments would not have
required significant resources. For the convergence testing and sensitivity analysis, the request
was only to present results for additional sites rather than additional testing and analysis. For the
clarification of data sources, rewording of a sentence would have be sufficient to address the
comment. For a summary of the loading to the system, one additional figure needed to be
presented. It may be that my assumption that all the comments would be addressed in this report
is incorrect and the comments will be addressed in a separate or subsequent document.
There are two areas where I have concerns about the predictive ability of the model and
using model results for various mitigation scenarios. The flow simulation for the Middle and
Little Back River often do not simulate reversing flows although the data from 1999 show
reversing flows. Similar concern is expressed for the ebb current flows on the Front River. These
concerns also were communicated in our previous review of the model. The latest version of the
model does not make any significant improvement in these areas. Also of concern are the
simulations of dissolved-oxygen concentrations from the model. The predictions will need to be
used with great caution. The ability of the model to capture the overall trend of the dissolved

oxygen, as represented by the coefficient of determination (R2), indicated that only three of the 17
sites evaluated were able to explain over 50 percent of the variability in dissolved-oxygen
concentration (Table P-2). The majority of sites (9 of 17) explained 25 percent, or less, of the
variability. The results for the Savannah River Estuary Model are not atypical of water quality
models of other Southeastern Estuarine system and reflect the difficulty in modeling these types
of system. The challenge is in determining how to interpret and utilize results from a model with
known limitations to its predictive ability for certain parameters.
The Savannah River Estuary is a complex system to measure, analyze, and ultimately, to
predict. The data collection and modeling effort, by both Applied Technology and Management
and Tetra Tech, over the past ten years has demonstrated the difficulty of the monitoring and
modeling the system. The model and the report demonstrate there is a limited understanding and
modeling ability of the flow/velocity dynamics in the Middle, Little Back, and Back Rivers and
of the dissolved-oxygen dynamics for the system as a whole. These limitations demonstrate the
need for continued monitoring and analysis of the system to improve on our understanding of the
system. The limitations also demonstrate the need for an adaptive management approach to
accommodate further understanding of the system.
The model development and review for Savannah Harbor Expansion Model has been a
long process. The goal of all of the participants has been to produce the best tool for determining
future impacts of the Savannah Harbor Expansion Project on Savannah River resources. Despite
the limitations of the model, the model presented in the report is the best currently available
model of the system. Please call me at (803) 750-6140 if you have any questions or need
additional information.
Sincerely,

Paul A. Conrads
Hydrologist

Enclosure

Review Comments
by Paul Conrads, U.S. Geological Survey, Columbia, SC
On
“Development of the Hydrodynamic Model and Water Quality Models for the Savannah
Harbor Expansion Project FINAL January 30, 2006”
prepared by Tetra Tech (Tt)
for the U.S. Corps of Engineers–Savannah District

1. From our previous review (June 28, 2005), the following comments do not appear to
have been addressed:
a. Comment 1 on the convergence testing: “Additional documentation

should include results for sites in the Middle, Little Back, and Back
Rivers.” Only results from the original three sites on the Savannah and
Front River were shown in latest report.
b. Comment 2 on the sensitivity analysis: “For the sensitivity of the waterquality model, additional sites in the Middle, Little Back, and Back
Rivers should be shown.” Only results on the Savannah and Front
River sites are either presented in the tables or in the figures. No
results are presented for sites on the Middle, Little Back, and Back
Rivers.
c. Comment 4. It is still unclear whether NOAA or USGS data is used for the
approximation of the offshore boundary.
d. Comment 16. “It is difficult to get an appreciation of the relative

contributions of the BOD and nitrogen loading input to the system. A
bar or pie chart the average or total load from point sources, storm
water, ocean, upstream, and marsh loading would be helpful.” The
relative contribution of the loading from various sources is not
summarized is a table or figure.
2. Sensitivity analysis shows that the sites near the SNWR are sensitive to small
(10 percent) changes in flow. Flow information below Clyo, such as the
contribution of intervening basins/tributaries, for example Union Creek, has
not been measured and documented. The model assumes a 10-percent increase
due to change in the drainage area and a constant inflow from Union Creek.
These assumptions should be kept in mind when evaluated mitigation
scenarios and future monitoring needs.
3. The water-level simulations in the latest version of the model have been much
improved. Specifically, the simulation at SR-17 (figure B-14) in the previous
model showed too much tidal influence and not enough riverine influence.
The latest calibration shows an appropriate balance between the two forces.
4. The model still generally under predicts the ebb-tide currents and flow in the
system. It was previously speculated (Comment 8, previous review) that the
under predictions may be due to the model not satisfactorily simulating the
riverine dynamics in the system. The improvements in the riverine dynamics

(as seen in figure B-14) did not correspond to an improvement in ebb-tide
currents and flow predictions. Overall flow statistics have improved slightly in
the latest calibration.
5. Salinity simulations in the vicinity of SNWR have improved (compare figures
J-18, J-26, J-27 in both reports). The lag in salinity response noted in previous
review (Comment 11) still evident but significantly improved with latest
calibration.
6. The over prediction of BODu in the Middle River has been reduced but the
model still predicts two to three times too much BODu.
7. The complexity of dissolved oxygen dynamics in Southeastern estuaries are
difficult to simulate. Often dissolved-oxygen models are not able to make
absolute prediction and typically do not simulate the diel and diurnal
variability in dissolved oxygen, as seen in the differences in standard
deviations of measured and predicted data. Hopefully, the model captures the
overall trend. The coefficient of determination (R2) statistic measures the ability of
the model to capture the overall trend of the data. Fourteen of the 17 sites have
R2‘s of less than 0.5 and 9 of 17 have R2‘s of less than 0.25. Therefore, the
majority of sites could only explain 25 percent, or less, of the variability in
dissolved oxygen. The U.S. Fish and Wildlife Service should use caution
when evaluating impacts to dissolved oxygen based on model prediction.

March 1, 2006

Colonel Mark S. Held
District Engineer
U.S. Army Corps of Engineers
P.O. Box 889
Savannah, GA 31402-0889
Dear Colonel Held:

The Fish and Wildlife Service (Service) has completed a review of the report
“Development of the Hydrodynamic and Water Quality Models for the Savannah Harbor
Expansion Project” dated January 30, 2006 prepared by Tetra Tech, Inc. for the U.S.
Army Corps of Engineers, Savannah District. The U.S. Geological Survey (USGS) is
assisting the Fish and Wildlife Service (Service) in evaluating the hydrodynamic and
water quality models for the Savannah Harbor Expansion Study. Copies of the USGS
letter and review comments to the Service are enclosed for your review.
The three-dimensional hydrodynamic model selected for this project is based on the
Environmental Fluid Dynamics Code (EFDC), a physics-based turbulence closure model
that has been applied in a number of estuarine and riverine systems in the southeastern
United States. The Savannah Harbor expansion version of the EFDC is based on the
model originally developed by Tetra Tech for the Environmental Protection Agency to
determine the total maximum daily load (TMDL) for dissolved oxygen in the lower
Savannah River. This TMDL model has been improved with an enhanced grid and other
modifications.
The Service letter of July 5, 2006 and the USGS letter dated June 28, 2005 identified
concerns on the models and recommended approaches to address the concerns.
Recommended approaches included additional explanation in the final report, additional
sensitivity simulations, and recalibration/revision of the model. We anticipated that most
of these concerns could be addressed with additional documentation for the report and
sensitivity runs. At subsequent meetings and conference calls the Service reiterated the
need to address these concerns and document the outcome in the final report. We are

disappointed that several of the concerns were not addressed in the final report (please
see enclosed USGS letter).
The Service recommends that the following previously requested information be
provided in a supplemental report:
•

Convergence testing results at additional sites in Middle River, Back River
and Little Back River

•

Sensitivity analysis results at additional sites in Middle River, Back River and
Little Back River

•

Clarify whether NOAA or USGS data is used for approximation of the
offshore boundary

•

A chart providing relative contributions (from point sources, storm water,
ocean, upstream and marsh) of biochemical oxygen demand and nitrogen
loading input to the system.

Information in the final report indicates that water level and tidal and riverine dynamics
in the upper reaches of the model have been significantly improved. Salinity predictions
in the Middle River and Little Back River and Savannah National Wildlife Refuge have
also been improved. If the supplemental report does not disclose any unforeseen
significant model problems, we believe that salinity prediction performance is adequate
to use in project planning. However, we must caution that there continues to be a limited
understanding and modeling ability of the velocity and flow dynamics in the Middle
River, Little Back River and Back River. This limitation will cause some uncertainty
regarding salinity and water quality predictions for mitigation alternatives that involve
channel modifications in the Savannah River system.
With regard to dissolved oxygen, the model has limited ability to simulate the variability
and trends in the data. Fourteen of 17 sites have R2 values of less than 0.5 (explain 50
percent of the variability of the data) and nine of 17 sites have R2 values of less than
0.25. These results indicate a limited understanding and modeling ability of the dissolved
oxygen dynamics for the Savannah River estuary. However, the dissolved oxygen model
results are similar to results in other southeastern estuaries and reflect the difficulty in
modeling these systems. As a result, a great deal of caution will be needed in utilizing
model dissolved oxygen predictions.
Our July 5, 2005 letter stated that users must be cognizant that any model in a complex
system, such as the Savannah estuary, will have limitations in how well it will predict
reality. An adaptive management approach, as described in Corp’s Environmental
Circular 1105-2-409, “Planning in a Collaborative Environment”, dated 31 May 2005, is
a way to deal with uncertainty. This document discusses the necessity of a well designed
monitoring program as a cornerstone to adaptive management. The document also
discusses phased project implementation, in which the initial phase is constructed and

monitored, and a future phase may be constructed as planned, modified, or not
constructed. The decision on the future phase is based on the monitoring results and
defined decision criteria. If an environmentally acceptable alternative can be identified,
we would recommend implementing an adaptive management approach.
Based on the information reviewed, we conclude that: (1) additional documentation is
needed to address the Service and USGS concerns provided with our July 5, 2005 letter;
(2) if the documentation does not disclose significant unforeseen problems, salinity and
water level predictions have been improved and are adequate for impact analysis; (3)
dissolved oxygen model predictions are highly uncertain and will need to be used with a
great deal of caution; and (4) for any acceptable alternatives, an adaptive management
approach is needed to deal with model uncertainty.
We appreciate the efforts of you and your staff to coordinate this project with the Service.
If you have any questions or wish to discuss this issue, please contact Ed EuDaly at 843727-4707 x 227.

Sincerely,

Tim Hall
Field Supervisor

