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Abstract— The West and Rhode Rivers cover 80 square 
kilometers of watershed and subestuary along the 
Chesapeake Bay. Key metrics for water quality were 
found to deviate substantially from desired threshold 
levels, indicating poor water quality in the subestuary 
[1]. The project’s sponsor, the West and Rhode 
Riverkeeper, needed to identify and implement 
mitigation measures to improve water quality in the 
subestuary. The Center for Watershed Protection (CWP) 
outlined a set of mitigation measures; however, the 
report did not include quantitative predictions from the 
implementation of mitigation measures or a qualitative 
assessment of the Riverkeeper’s objectives. CWP 
recommended mitigation measures to reduce the influx 
of nutrients without a concise evaluation of the problem 
space to determine if nutrient reduction resulted in 
measurable improvements in water quality. This project 
designs a decision support system (DSS) which enables 
the Riverkeeper to quantitatively predict the effect of 
implementing mitigation measures on water quality. The 
DSS facilitates key tradeoff analysis in accordance with 
the Riverkeeper’s objectives and identifies an additional 
mitigation measure. The DSS is comprised of a utility 
function that is reflective of the Riverkeeper’s values, 
and a predictive tidal nutrient/sediment transport model 
system. Since nitrogen and sediment are considered 
surrogate measures of water quality, the model yields a 
transfer function from watershed use to water quality by 
predicting nitrogen and sediment concentrations in the 
subestuary. A cost benefit analysis and a final rank order 
of potential mitigation measures are derived from the 
DSS.   

I. INTRODUCTION 

A. Current Status 
 Poor water quality in the subestuary is an outcome of 

both nutrient loadings from the West and Rhode Rivers 
watershed, and water exchange at the mouth of the 
subestuary with the Susquehanna River watershed [2].  The 
2009 West and Rhode River Report Card, drafted by the 
Riverkeeper, used field data to convey indicators of water 
quality such as: water clarity, dissolved oxygen (DO), 
nutrients (including nitrogen), chlorophyll, underwater 
grasses and stream health. These metrics, for water quality, 
were scored by the percentage attainment of threshold levels. 
Low scores, on all metrics, suggested poor water quality [1].  
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All metrics are correlated to sediment and nitrogen 

levels in the subestuary. Local sources that load nitrogen 
from the watershed into the subestuary include emissions, 
chemical fertilizers, natural waste and septic systems. [3] 

 Excess nutrients, including nitrogen, cause algae 
blooms that consume large quantities of oxygen when they 
die and decay resulting in lowered DO levels. DO 
concentrations below the threshold of 5mg/L result in fish 
kills, a decline in natural grasses, and overall poor water 
health. [1] Algae blooms subsequently reduce water clarity, 
limiting sunlight from reaching submerged aquatic 
vegetation (SAV) [4].  

Primary sources of sediment consist of erosion and runoff.  
Excessive sediment measured by concentration of total 
suspended solids (TSS), results in increased turbidity which 
reduces light reaching SAV leading to death of SAV and 
lowered DO.  

B. Problem Statement and Motivation  
The West and Rhode River watershed has a drainage area 

of 25 square kilometers [5]. Point and non-point sources 
from the watershed load excess nutrients and sediment into 
the subestuary. Anne Arundel (AA) County’s watershed 
model estimated an annual nitrogen load of over 27,000 kg 
of nitrogen [3]. Calculations using The Environmental 
Protection Agency’s (EPA) simple method [6] generated a 
monthly load of 68,000 kg of sediment into the subestuary. 
In order to improve water quality it is essential to reduce this 
loading into the subestuary.  

The CWP has delivered an assessment report that outlines 
potential mitigation measures. Historical data, provided by 
the sponsor, confirms a mean concentration of 0.92 mg/L of 
nitrogen in the subestuary. Data provided by the 
Smithsonian Environmental Research Center (SERC) shows 
a mean concentration of 22 mg/L of TSS in Muddy Creek in 
the Rhode River. For the purpose of this study, the average 
sediment concentration of the entire subestuary has also 
been assumed to be 22 mg/L of TSS. The Riverkeeper's 
objectives include reducing nitrogen concentration to below 
the threshold level of 0.65mg/L and reducing TSS levels to 
negligible amounts [1].  

The CWP identified mitigation measures focus on 
reducing the influx of nutrients from edge of field run off 
[5]. Their analysis failed to address the existent sediment in 
the subestuary. A sink that removes TSS directly from the 
subestuary has not been identified. Also, the CWP report has 
not evaluated the utility of the mitigation measures in 
accordance to the Riverkeeper’s objectives. The DSS 
evaluates five mitigation measures, including a sink for 
sediment. 
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C. Project Scope 
  
The project focuses on determining the effects of CWP 

mitigation measures rather than their design. Within the 
scope of this project, a non edge of field mitigation 
alternative, a sink that directly removes sediment from the 
rivers, oyster reef enhancement, is also evaluated. The 
project uses past and present data from external sources to 
develop and run the Tidal Nutrient Model system.  

II. VALUES AND UTILITY 
A value hierarchy reflecting the Riverkeeper's objectives 

and goals for a mitigation measure was constructed [16]. 
Attributes, of the value hierarchy, were confirmed to be 
independent and end points for each attribute, with best and 
worst values, were determined. Weights were elicited by the 
team using Logical Decision for Windows (LDW) software. 
The Tradeoff Analysis Method in LDW was used during the 
weight elicitation process. The importance of each attribute 
of the value hierarchy was compared with another, starting 
with bottom level attributes. Once these attributes were 
quantified and weighted, a utility function was derived and 
used to evaluate the utility of each mitigation measure. The 
final utilities were compared to the costs for each alternative 
in the utility to cost benefit analysis.  

A. Value Hierarchy 

The top level values are broken down as follows: 

      (1) 
Where Ep= Ease of Implementation 
Wq= Water quality improvement 
Vs= Visibility 

Bottom level subgroups have the following weights: 
      (2) 

   Tf= Time frame 
  Eq= Equipment needed 
  Ar= Attaining resources 

           (3) 
  N= Nitrogen Concentration 
  S= Sediment 

      (4) 
Pe= Public Exposure 
Ac= Accessibility 
Ed= Education 

The final utility function used in the DSS: 
 

F(Utility) = 0.12Tf + 0.0.12Eq + 0.06Ar + 0.3N + 
0.2S + 0.16Pe + 0.02Ac + 0.02Ed    (5) 

B. Weight Elicitation Process 
The weights shown above were elicited to capture the 

Riverkeeper’s objectives. The Tradeoff Analysis method 
was used to elicit final weights and the Smarter Method was 
used to verify. The Riverkeeper was involved during the 
weight elicitation process and validated that the final utility 
function and the weighted value hierarchy were consistent 
with his value system. The qualitative attributes were ranked 

then scaled numerically from one to ten, with ten being the 
best and one being the worst. 

III. MITIGATION MEASURE ALTERNATIVES 
This project evaluates four edge of field mitigation 

measures from CWP and AA County that focus on reducing 
nitrogen load into the subestuary. The team developed an 
oyster restoration plan, which would act as a sink to remove 
existent sediment from the subestuary. The following five 
mitigation measures were analyzed using the DSS: 

1) Stormwater retrofit projects 
This alternative aims to construct and install additional 

high priority stormwater retrofits to impede pollutant 
(nitrogen & sediment) loading. The project analyzes a set of 
high, medium, and low priority stormwater retrofits 
pinpointed by the CWP at medium density residential areas 
and institutional areas [5].  

2) Clean Marina Program 
The Clean Marina program is currently being led by the 

Department of Natural Resources (DNR) in Maryland.  This 
alternative would expand the number of marinas that are 
involved in reducing pollutants entering the subestuary from 
their [5]. 

3) Farmer’s Outreach 
This alternative aims to work with local farmers to create 

an outreach and support network to increase agricultural 
biodiversity best management practices (BMP) [5].   

4) Septic System & Sewage Treatment Plant Upgrades 
This alternative focuses on nitrogen upgrades in the West 

and Rhode River watershed septic systems.   
5) Oyster Reef Enhancement 
This alternative was evaluated by the project team because 

oysters act as a natural sink for sediment in the subestuary.  

IV. TIDAL NUTRIENT TRANSPORT MODEL 

A. Model System Assumptions 
1) Mass and Volume conservation 
The model accounts for conservation of mass and volume 

within the subestuary. This two dimensional model, strictly 
represents and accounts for nitrogen and sediment mass that 
is loaded into the subestuary from specific point and non-
point sources. Subsequent removal is a result of water flow 
out of the subestuary and oyster consumption of TSS. In this 
manner, there is no loss of nitrogen mass due to biological 
uptake, evaporation or any other external factors. 
Furthermore, volume changes due to evaporation and wind 
shear have also been ignored. This is because an average 8 
cm rainfall accounts for less than 1% of the total tidal cycle. 

2)  Discrete modeling 
The actual flow of tide water and pollutants in the 

subestuary is a continuous process. However, this analytic 
function has been modeled discretely. Consistent with 
discrete modeling, continuous non-point source loads are 
modeled as an episodic event. The monthly accrual of 
nitrogen and sediment runoff, in the subestuary, is modeled 
as a large loading or rainfall event during the initial 8 tide 
cycles of the model.  



 

  

 

3)  Complete Turbulent Mixing 
The average depth measured of the subestuary is 1.5 

meters which limits stratification. Measured salinity 
concentrations are constant both vertically and horizontally 
along the rivers. Salinity concentrations 0.3meters from the 
water surface and 0.3meters above the water bed were 
identical [7]. This leads to the assumption that complete 
turbulent mixing occurs at each partition within each six 
hour time step. 

B. Partitions and Volumes  
In order to develop a predictive water quality model, the 

total volume of the subestuary was estimated.  The 
subestuary was first divided into fifteen partitions or “cells”. 
They were created to include some key sources or sinks of 
pollution and nutrients in each cell.  For example, Cell 2 
receives outflow from the Mayo Sewage Facility which, was 
modeled as a point source of excessive nitrogen. Cells 5 and 
10 have been identified as choke points for oyster beds. The 
subestuary was partitioned in the following manner: 

 
Figure 1- 15 Cells with N and TSS loading points. 
 

The volume of each partition at mean tide was calculated 
and the total volume of the West and Rhode River 
subestuary was calculated to be 46 million meters3. 

C. Volume Validation 
 Volumes were validated with SERC [8]. SERC estimated 
1.8x107 meters3 of water in the Rhode River, whereas the 
team estimated 1.4 x107 meters3 for a similar region. The 
calculated error between these two values is roughly 24%. 
Total volume was also validated with Stephen Gauss [9]. 
The team’s estimation was found to be higher by 58%. The 
total water surface area estimation from CWP was roughly 
5.4x107 meters2 [5] while the team estimated around 3.4x107 
meters2 of area which was 30% less. The causes for 
deviation were attributed to different starting points and 
parameters of partitions, effects of tributaries and 
inconsistent methods of calculation. 

D. Model Description  
In order to perform the quantitative analysis, the team 

developed a Tidal Nutrient Model System. The model 
system includes five integrated models. The primary 
components are the Tidal Nutrient Sediment Transport 
model and the Tidal Nutrient Nitrogen Transport model. The 
models calculate sediment and nitrogen loads to the 
subestuary and predicts their concentrations in each of the 15 
partitions, at 6 hour time steps, for a 28 day period. The 

output concentrations were evaluated with the utility 
function. 

The model inputs tide water received by partitions in ratio 
of their normalized volumes. Tide water flow between these 
partitions is assumed to be consistent and uniform. The 
forcing function into the model is tide data. Tide is best 
modeled as a periodic function, however, for simplicity the 
data has been processed as saw tooth function. Historical 
data, from AA county, show that May and August have the 
heaviest rainfall averages of 97 mm and 106 mm 
respectively. Mean tide height varies between 23cm to 27cm 
with a variance to mean ratio of 0.57 to 0.61 

 
Figure 2- Model and Sub-Model Relationships 
 
The ratio of monthly runoff to monthly tide flow was 
calculated to be 4.4x10-5. This ratio depicts the larger effect 
of bay water on the estuary in comparison to run off load 
from the watershed. 

The model calculates the inflow and outflow of tide water 
at every ebb and flow (6 hours).  At each time step, every 
partition receives tide input and mixes completely. 

E. Model Equations for Nitrogen Tidal Transport Model: 
The following is a general equation, from the model, used 

to represent a cell with two adjacent cells and their 
interactions. (An example could be cell 2, with j-1 = cell 1 
and j+1 = 10) 

TABLE I 
VARIABLES FOR MODELS 

Symbol Quantity 
Vij  Volume of Cell j at time step i 
Vi-1,j   Volume of Cell j at time i-1 
Vsij  Volume of Septic flow into cell j at time i  
VTin ij  Volume of tide water entering cell j at time i  

RTC  Ratio of Tide water as per volume ratios 
-VTout,i,j   Volume of Tide water exiting cell j at i 
Cij  Nitrogen Concentration in mg/L at Cell j in time step i  
Cij-1  Nitrogen Concentration in mg/L at cell j-1 
Sc Concentration of Nitrogen in Sewage outflow 

(50mg/L) 
BC Background concentration of Nitrogen in mg/L 
Fpj+1 Percentage of Flow from adjacent cell j+1 
VTouti,j+1 Volume of tide water flow from adjacent cell j+1 at 

time i 
ACi-I,j-1 Concentration of adjacent cell j-1 at time i-1 from 

which tide volume (VTin ij) is received 
ACi-I , j+1 Concentration of adjacent cell j+1 at i-1 from which 

flow is received 
NLij Nitrogen load to cell j at time i 



 

  

 

 
Simplified Equations: 
Vij = Vi-1,j +Vsij+[if VTin ij >0,( VTin ij * RTC ), else(-VTout,i,j  
*RTC)] +( VTouti,j+1 * Fpj+1)             (6) 
 
NMij =  NLij + (Vsij * Sc) +[if(VTin ij >0), VTin ij * RTC * ACc-I,j-

1) else(-VTout,i,j  *RTC* Cij-1)]+Fp*( ACi-I , j+1* VTouti,j+1 )  (7) 
 
Resulting in the final cell concentration outputs: 
 
Concentration = :      Cij  =   (8) 
 

 
Figure 3- Cell Flow Depiction of Equations 6, 7 and 8 
 

1) Nitrogen Tidal Transport Model 
The Nitrogen Tidal Transport model predicts nitrogen 

concentrations in milligrams per liter (mg/L). The first 
nitrogen load an input into the model is derived from the 
Total Maximum Daily Load (TMDL) from AA county’s 
watershed model. This established an annual nitrogen load 
for the West River to be 14,000 kg and into the Rhode River 
to be 14,000 kg [3]. As per AA County’s suggestions, load 
was divided equally between partitions 7 and 8, in West 
River and 12, 13 in Rhode River [10]. 

Historic data, provided by the sponsor, confirms that the 
Mayo Sewage plant has episodic overflows that result in 
untreated sewage loading into partition 2 which, is modeled 
as the second loading input into the model. The data presents 
the Mayo plant overflow to be approximately 64,000 liters 
of sewage per episode. Although this may seem like a large 
load, it equates to only 3.2 kg of nitrogen. The concentration 
of this untreated sewage is estimated, by AA county, to be 
50mg/L of nitrogen [10]. Both load events occur within the 
first 2 days of model runs (8 tide cycles).  

In order to model nitrogen reduction by the CWP 
identified mitigation measures, a nitrogen reduction 
calculator was used to determine the reduction of nitrogen 
load from the two inputs. The reduction calculator took into 
account the acres of land being treated, the annual rainfall 
and the imperviousness (the inability of water to infiltrate 
into underlying soil in a given surface) in the area.  Once 
these values were inputted, the calculator output the total 
yearly reduction of nitrogen and sediment [11]. 
 

2) Sediment Model components: 
The basic foundation for the sediment model is similar to 

the nitrogen tidal transport model. The variations in the 
model are in the inputs, which allow for predictions on 
sediment concentrations over the subestuary. The primary 
input into the sediment model is the EPA Simple Method 
calculator for sediment load and the oyster model to 
determine sediment removal.  

 
3) Environmental Protection Agency (EPA) Model 
The EPA Simple Method calculator estimates pollutants 

that enter the subestuary due to stormwater runoff and 
erosion. The model uses data on land coverage, the 
imperviousness of the watershed, rainfall in inches and a 
coefficient for pollutant concentration to calculate total TSS 
load in pounds [6]. In using this technique, monthly rainfall 
approximations were taken for the watershed [12].  

 
The equation for the Simple Method is as follows: 

 [6]            (9) 
 

TABLE III 
VARIABLES FOR EPA SIMPLE METHOD 

Symbol Quantity 
L  Annual load (lbs) 
R  annual runoff (inches) , R=P*Pj*Rv 
P   Annual Rainfall (inches)  
Pj  Fraction of events that produce runoff (usually 0.9) 

Ia    Impervious Fraction (%) 
Rv 0.05 + (. 9 *Ia) 
C   Pollutant concentration (mg/l) 
A  Area (acres)  
 
In using the EPA Simple Method the coefficient for 

pollutant concentrations by land use (mg/l) was assumed to 
be an average value conducted from previous studies. 
Furthermore, imperviousness values were determined to be 
medium density residential (28%), Institutional (34%) or 
croplands (0%). Rainfall data used in the EPA Simple 
Method was based on 30 years of data between 1961 and 
1990 and averaged monthly [12].  The resulting output of the 
EPA load calculator was a TSS load of 68,000 kg per month. 
This was used as an input into the Sediment Model. 

 
4) Oyster Model 
The objective of the oyster implementation plan was to 

estimate the amount of water cleared of sediment, given 
water condition inputs such as: temperature, dissolved 
oxygen, and salinity averages for each month.  The first 
calculation performed establishes the maximum clearance 
rate (CRmax) for the estuary.  The clearance rate is the 
volume of water swept clear of particles.  The equation to 
calculate the maximum clearance rate is: 
 
CRmax=              (10) 
 
(T is temperature in Celsius) [13]. CRmax occurs at water 
temperatures of 27� Celsius. The model system is run from 
April to September because oyster filtration is negligible 
during cold winter months. The CRmax is multiplied and 



 

  

 

reduced by functions of salinity and DO. The function of 
dissolved oxygen is: 
 
f(DO)=                (11) 

 
DOhx is equal to 1.75 mg/L and DOqx is 1.5 mg/L [13]. 
 
The salinity function is: 
 
F(salinity)=   (S is Salinity) [13].  (12) 
 
The final clearance rate (CR) measured in meters cubed of 
water cleared per gram of oyster dry weight per day is:  
 

CR = CRmax x f(salinity) x f(DO)[13]        (13) 
 

Using actual measures of temperature, salinity and DO 
Figure 4 represents clearance rate averages from March to 
October in the subestuary. 
 

 
Figure 4- Clearance Rates in the subestuary (m3 /g/day)  

 
Calculated clearance rates ascertain a filtration rate of 

0.25 meters3 per day, per mature oyster, in the summer 
months. This equates to an average filtration of 0.16 meters3 

per day per mature oyster.  Previous calculations concluded 
0.18 meters3 per day per mature oyster [9]. The sediment 
model uses 0.16 meters3 per day per mature oyster as the 
filtration rate of TSS. The total volume of the subestuary is 
46 million meters3. To filter this volume in 28 days, a goal 
previously sought by exerts, [9] it would require about 9.2 
million oysters. Previous calculations show 8.2 million 
oysters are needed to filter the entire subestuary 10 times a 
year [9]. Presently, there are1.1million oysters in cell 5 at an 
average density of 225oysters per meter squared [14]. 

With the current oyster population at 1.1 million oysters, 
the restoration goal would require an additional 8 million 
oysters.  According to Project Oyster West River (POWeR) 
one million fully grown oysters cost about $30,000[14]. The 
restoration has to account for survival rates of oysters.  The 
first year that oysters are planted into a new subestuary the 
mortality rate is approximately 50% [9].  Each year, after the 
first year, the oyster mortality rate is 10% [9].  Based on this, 
it would cost $150,000 per year for five years to reach the 
target oyster population of 9.2 million.  

 
5) Tidal Sediment Dispersion Model with Oyster Restoration 
Plan 

The primary inputs into the sediment model include the 
background TSS concentration obtained from SERC, 
estimated to be 22mg/L. The model inputs the TSS load 
from EPA Simple Method calculations of 68,000 kg. For the 
purpose of the model, this load is distributed among all 
partitions with a shore line. The model also inputs the 
previously determined oyster CR rate to account for 
sediment filtration. The output is a prediction of sediment 
concentration from the implementation of the oyster 
restoration effort. The final simplified equation for each 
partition, at each time step, used to predict TSS 
concentrations is derived from the following: 
TSS in mg/L= 
       (14) 

D. Model Validation 
The model and its results have been reviewed by subject 

matter experts from SERC, AA County and POWeR during 
a critical design review. The Tidal Nutrient model system 
was used to predict the change in concentrations of nitrogen 
and sediment in the subestuary from the implementation of 
mitigation measures. 

V. TIDAL NUTRIENT SEDIMENT MODEL RESULTS 
The three mitigation measures outlined by the CWP and 

the septic system upgrades proposed by AA county have a 
negligible effect on TSS reduction. The oyster restoration 
measure was analyzed for TSS reduction. Tide data with 
tide height predictions above MLW, for 28 days, and a 7.2 
cm rainfall event that loaded 68,000 kg of sediment in the 
first 8 tide cycles were input into the model. (SERC data 
was used to estimate initial TSS concentrations at 22mg/L) 
Although the model outputted TSS concentrations for 15 
partitions over 28 days of tide cycles, allowing detailed 
analyses, the point of evaluation was taken to be the 
weighted concentration for all 15 partitions on the last tide 
cycle (28th day). Model results show that the current oyster 
population of 1 million oysters in partition 5 achieves a TSS 
concentration of 18mg/L. The implementation of the five 
year oyster restoration effort to attain 9 million oysters was 
analyzed by two methods. First, all the oysters were 
concentrated at the choke point cells, 5 and 10, which 
decreased the TSS concentration to 12mg/L. Secondly, 
oysters were distributed equally amongst all 15 partitions. In 
this scenario model outputs conceded that the target oyster 
population of 9 million would achieve complete filtration 
with a TSS concentration of 1mg/L at the point of 
evaluation. However, this is a hypothetical situation as it is 
impossible to distribute oysters throughout the estuary due 
to bottom conditions and oyster harvesting [14].  Doubling 
the number of oysters in the estuary to 18 million oysters 
would result in complete filtration within 18 days as 
opposed to 28 days [15]. 

 



 

  

 

 

 
Figure 5- Model Output:  Weighted Average Sediment Concentrations 

VI. TIDAL NUTRIENT NITROGEN MODEL RESULTS 
Analysis of the five mitigation measures predicts minimal 

improvements in nitrogen concentrations. In all cases except 
the Septic System Upgrades, there was little to no 
improvement in nitrogen concentrations. When all septic 
systems were upgraded (meaning systems in the critical area, 
300m to shoreline and remaining systems), there was an 
incremental decrease (0.05mg/L) in nitrogen concentration. 
The graph in figure 6 displays these results. This leads to the 
belief that none of the mitigation measures can substantially 
improve nitrogen concentrations in the subestuary to the 
desired threshold of 0.65 mg/L.  Additionally, model runs 
confirmed Dr. Jordan’s study that nitrogen concentrations 
were influenced by tide water flowing in from the 
Susquehanna River at the mouth of the subestuary with high 
nitrogen concentrations [8]. In order for mitigation measures 
to have any significant impact on water quality, the nitrogen 
concentration from the background water flowing in from 
the bay would have to be decreased.  

 

 
Figure 6- Model Output: Average N Concentrations for 8cm rainfall, 2 
day event , 2,300 Kg Nitrogen runoff. 

VII. UTLITY ANALSIS 
The mitigation measures were evaluated qualitatively and 

quantitatively and yielded the following utilities: 
 

 
Figure 7- Utility Scores vs. Estimated Cost Comparisons 
 
It is evident that the Oyster Implementation Plan yielded the 
highest overall utility value at 0.86. This was more than four 
times higher than the second highest utility of the Farmer 
Outreach Program at 0.21. 
 
            VIII. DISCUSSION  AND  RECOMMENDATIONS 

The West and Rhode River sub-estuary has been modeled 
as a 2D, fully mixed, tidal flow nutrient and sediment 
transport process.  The model predicts that over a million 
cubic meters of tidal flow exchange with the 46 million 
cubic meters of sub-estuary volume every 12 hour tidal 
cycle.  Both Nitrogen and TSS tidal transport decay rates for 
a 8 cm rainfall/2 day event and a Susquehanna 
watershed/Chesapeake Bay inflow event were predicted for 
a 28 day period. 

The model has been used to provide two metrics in a 
multi-attribute utility function used to evaluate five potential 
pollution mitigation measures.  The option of enhancing the 
existing oyster reefs was found to have the highest utility 
value.  Although the limitations on the use of oysters as a 
mitigation measure to clean up the Bay have been noted 
[18], the benefits of growing disease resistant oysters in the 
upper Bay sub-estuaries are also beneficial to the entire Bay 
due to the high tidal transport and relatively shallow water 
[19]. 

Results of the POWeR oyster restoration program have 
been encouraging to date but the lack of natural 
reproduction has been observed [14].  This may be due to 
the relatively low level of salinity (e.g. approx. 10 ppt) in 
the early summer months.  Future efforts may also evaluate 
the use of indigenous mussel varieties for aquaculture 
growth in the shallow, inter-tidal areas of the sub-estuary 
[16] [20].  The growing scarcity of oyster shell for oyster 
spat seeding and reef expansion is also becoming a problem 
[14]. 

Based on observations from the nitrogen/sediment models 
and the utility analysis, there are two recommendations put 
forth by this project. First, the oyster reef enhancement plan, 
outlined by this study and recommended by [9], should be 
implemented with an effort to distribute oyster populations 
over the sub-estuary as widely as possible. This 



 

  

 

recommendation is derived from the results of our Sediment 
Transport Model predictions and the DSS that found the 
highest utility to be the oyster reef enhancement program. 
Oysters do not reduce nitrogen levels in the sub-estuary 
directly (although they do reduce algae and phytoplankton 
above 2 microns); therefore, a second recommendation is 
put forth. 

 The sponsor should consider aligning with the 
Riverkeeper alliance to reduce nitrogen influx from the 
much larger Susquehanna River watershed. The total 
nitrogen load of 27,000 kg results in a predicted increase of 
concentration within the bay of .05mg/L of nitrogen after 28 
days.  Our model supports the previous observation that 
large storm events from the Susquehanna watershed greatly 
impact the nitrogen levels in the bay and therefore the 
West/Rhode Rivers sub-estuary [2] [4] [8] [17]. A model 
run with high nutrient concentration flow from the 
Susquehanna resulted in an immediate increase in nitrogen 
concentrations in the sub-estuary [15]. The potential effect 
on nitrogen levels from a measure to control Susquehanna 
influx and the potential visibility of a large project that 
expands over the Chesapeake Bay would result in a high 
utility score from the DSS. 
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