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ABSTRACT 

 

In April 2008, the non-profit organization Living Lands & Waters (LL&W) 

approached IIHR–Hydroscience and Engineering to assist with the preliminary 

scoping and assessment for the proposed dredging and restoration of the backwater 

region located near the confluence of the Iowa and Mississippi Rivers, commonly 

referred to as Boston Bay.  IIHR was responsible for the measurement and analysis 

of relevant physical and chemical parameters including particle-size analysis of 

sediment cores; real-time monitoring of nitrate-nitrogen concentration of 

agricultural runoff entering Boston Bay; bathymetric surveying; as well as the 

development of a two-dimensional hydrodynamic capable of simulating the 

proposed dredging activity. 

Particle-size analysis was achieved using the hydrometer method of 

sedimentation to determine the distribution of fine particles (silt and clay) while 

traditional sieving techniques were employed to establish the proportions of sand-

sized particles.  Results indicate that the sediment contained in Boston Bay consists 

primarily of particles with diameters in the range of 2-50 µm, what the USDA 

considers silt, and clay.   

A real-time nitrate-nitrogen sensor was deployed at the Bay Island Drainage 

& Levee District pump intake from October 2008, through June 2009.  The data 

collected, coupled with the daily maintenance logs from the pumping station, allow 

one to estimate that roughly 800 tons of nitrate-nitrogen were pumped into Boston 

Bay from the drainage district during the time period that the nitrate sensor was 

deployed in the field.   

Bathymetric surveying took place in March, 2009.   Survey results indicate 

that the average elevation of Boston Bay is 531.9 feet above sea level (MSL, 1912).  

Overall, the bay is very flat with little topographic relief except in the areas of Bell’s 

Pocket and the pond where the drainage district pumps discharge.  These areas are 
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much deeper than other areas of the bay, with elevations as low as 508 feet above 

sea level in the deepest regions.   

A two-dimensional hydrodynamic model of the bay (pre- and post-dredge) 

was constructed using the US Bureau of Reclamation’s SRH-W modeling package.  

Initial results indicate that dredging Boston Bay does not appear to have 

detrimental impacts on the existing hydrology of the study area.  Model outputs 

reveal that dredging will create greater availability of deep-water regions, with 

increased areas of faster moving current.  The total area of inundation will also be 

affected by dredging, perhaps creating ideal habitat for hardwood tree species in 

portions of the study area that would otherwise be wet under existing conditions.  

Further studies should be conducted to couple the data obtained during particle-

size analysis, with the model results to help estimate the feasibility of the proposed 

dredging activity and lifetime of the excavated channels. 
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CHAPTER 1 – INTRODUCTION 

 

1.1 – Backwater Regions of the  

Upper Mississippi River System 

 

The Upper Mississippi River System (UMRS) is a large river ecosystem 

consisting of a spatially complex network of pools, channels, and backwater areas.  

The hydrodynamics of this system are controlled to a large extent by a series of 

navigation dams built in the 1930’s to aid barge traffic.  The reaches between the 

dams of the UMRS, commonly referred to as ‘pools,’ contain a main navigation 

channel connected by shallower side-channels to backwater areas (shallow lakes, 

wetlands, and islands).  The backwaters of the UMRS are essential in supporting a 

variety of habitats, affording areas for nutrient processing and acting as sinks for 

sediment storage.  Backwaters serve as an ideal habitat for various plant species, 

invertebrates, popular sport fishes, migratory waterfowl, shorebirds, wading birds, 

reptiles and amphibians, while also providing quiet places off the main channel 

where animals and humans alike can seek refuge (U.S. Army Corps of Engineers 

[USACE], 2006a). 

In addition to providing suitable habitat for native plant and animal species, 

backwaters also act as nutrient retention mechanisms.  The shallow backwaters of 

large river systems such as the UMRS support abundant submersed and emergent 

macrophyte growth with attached microbial communities and accrete anaerobic 

organic sediments capable of accommodating bacterial denitrification (Phipps and 

Crumpton, 1994; Mitsch and Day, 2006; Strauss, et al., 2006; Bukaveckas, 2007; 

James, et. al, 2008b). 

Prior to European settlement of the Upper Mississippi River (UMR) valley, 

these backwater regions thrived in response to the natural ebb and flow of the main 

channel of the river.  However, as settlers began to use the Mississippi for 
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transportation of goods and services, the river and the surrounding floodplain 

became forever altered from its natural condition.  As early as 1824, the federal 

government initiated navigational improvements on the UMR.  The work consisted 

of removing snags, shoals, and sandbars, excavating rock to eliminate rapids, and 

closing-off backwaters to confine flows to the main channel.  These activities helped 

create adequate depths for navigation during periods of low-water flow (Chen and 

Simons, 1986). 

Development and management of floodplain lands requires flood control, 

and levees have often been constructed so that flooding is nearly eliminated (Dister, 

et al, 1990).  These activities tend to reduce or eliminate backwater habitats like 

side-arm channels, sloughs, oxbow lakes and inundated floodplains, replacing them 

with more uniform terrestrial habitats and main channel or reservoir pools (Gore 

and Shields, 1995).  Such is the case with the UMRS where the most significant 

change to the river (and the floodplain backwaters) occurred after 1930 following 

the passage of the River and Harbor Act which authorized the construction of the 

lock and dam systems currently in place along with the introduction of the nine-foot 

(ft) navigation channel (Theiling, 1998; USACE, 2006b).   While initial construction 

of the navigation channel produced great aquatic capacity in the newly created 

shallow backwater wetlands, productivity has declined as sediment from the 

surrounding upland regions has accumulated in backwater areas (Damberg and 

Davis, 1994).  The lock and dam system has also stabilized water levels, eliminating 

the abiotic controls (i.e., flooding and drying) that had previously helped to maintain 

highly productive river floodplain habitats (Chen and Simons, 1986; Machesky, et 

al., 2005; Theiling, 1998; USACE, 2006b; Wisconsin Department of Natural 

Resources [DNR], 2009;).   

The ecological integrity of many UMRS backwaters has continually degraded 

over time due to excessive amounts of sediment emanating from the basin, 
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tributaries, and main stem sources. This degradation is in the form of loss of depth, 

poor sediment quality, poor water quality, and sediment re-suspension that blocks 

sunlight required by aquatic plants (Bhowmik and Demissie, 1989; USACE, 2006a).  

Fish habitat quality has also decreased in backwater areas especially during the 

winter when such locations could provide refuge from harsh conditions in main 

channel areas (USACE, 2006a).   

 

 

1.2 – Restoration of Backwater Regions 

As backwater regions continue to degrade due to increasing sedimentation 

rates and decreased connectivity with the main river channel, careful attention must 

be paid to their maintenance and restoration.  In 1986, Congress passed the Water 

Resources Development Act, recognizing the UMRS as “a nationally significant 

ecosystem and a nationally significant commercial navigation system” and declared 

that “the system shall be administered and regulated in recognition of its several 

purposes” (108th Congress, 1986).  The WRDA authorized many ecosystem 

restoration projects -- including rehabilitation of degraded backwater systems -- 

where an attempt is made to direct biological and geohydrological processes toward 

an endpoint at or near pre-disturbance conditions (Gore and Shields, 1995).   

One solution to the sedimentation problem in backwaters is dredging.  The 

removal of sediment by dredging commonly consists of creating channels with 

fingers (dredged channels extending out away from the main dredge cut) to 

improve flow and aquatic habitat.  The added bathymetric relief serves to provide 

habitat for fish species dependant on deep-water environments.  The sediment 

spoils dredged from backwater areas can also be used to enhance aquatic areas with 

islands, or terrestrial areas with increased elevation which promotes the growth of 

hardwood tree species.  (Berry and Anderson, 1986; USACE, 2006a). 
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Another proposed method to assist in backwater restoration techniques 

involves river diversion techniques which redirect flows into isolated wetlands and 

adjacent off-channel regions (Mitsch and Day, 2006; Lane, et al., 2003).  This method 

has proven successful for watersheds in Illinois and Ohio where flows diverted into 

degraded wetlands act to revitalize deteriorating ecosystems.  It has been shown 

that these regions can act as sinks for nitrate-nitrogen, capable of significantly 

reducing nitrate concentrations (Phipps and Crumpton, 1994).  Similar efforts have 

also resulted in increased wildlife benefits including migratory bird habitat (USFWS, 

2009).  Studies indicate that the populations of breeding bird species have 

dramatically increased following wetland restoration (Hickman, 1994; O’Neal, et al., 

2008). 

As the practice of river restoration continues to grow, the need to develop a 

sound scientific basis is obvious, as evidenced by the number of working groups and 

policy initiatives devoted to the topic.  These include the federal government 

(USACE, U.S. Geological Survey Long Term Resource Monitoring Program and 

Interagency River Science Network, USFWS), state governments, nongovernmental 

organizations (Nature Conservancy, National Audubon Society and American 

Rivers) and academia (Whol, et al, 2005).  However, despite legal mandates, massive 

expenditures and the burgeoning industry of aquatic and riparian restoration, large 

river backwater systems continue to deteriorate as a result of human activity (Karr 

and Chu, 1999; Whol, et al, 2005). 

 

 

1.3 – Purpose and Scope 

As part of the broader effort to restore backwater systems of the UMRS, the 

non-profit organization Living Lands & Waters (LL&W) of Moline, Illinois was 

interested in the potential for the restoration of a 650-acre backwater in Pool 18 of 
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the UMRS near New Boston, Illinois.  This backwater, commonly referred to as 

‘Boston Bay,’ is located four miles downstream from Lock and Dam #17, adjacent to 

the confluence of the Iowa and Mississippi Rivers (Figure 1).  As is the case with 

many backwater systems of the UMRS, Boston Bay has degraded over time due to 

increased sedimentation from upland watersheds, and the controlled water-surface 

elevation necessary to maintain successful navigation in the main channel.   The 

Boston Bay study area had been identified by the USACE as a site of potential 

improvement for a backwater area and research on the hydrology and sediment of 

the area was needed for potential site investigation. 

In an attempt to help restore the ecological integrity of Boston Bay while also 

providing overwintering habitat for native fish species, LL&W has proposed that 

certain areas of the bay be dredged.  The dredged material would then be used to 

create a network of berms and ridges throughout the study area that would help 

generate the topographic diversity necessary for mast-producing trees like oak and 

hickory to survive in a region that experiences annual flooding (Robertson, 2008). 

 Before a project of this magnitude can proceed as planned, the initial scoping 

process required the collection and review of the relevant physical and chemical 

parameters including grain-size analysis of bed material obtained through sediment 

coring, and water quality monitoring of agricultural runoff entering Boston Bay 

from an adjacent agricultural drainage district.  Additionally, a bathymetric survey 

must be conducted to obtain the existing elevation profile of the study area while 

also serving to calibrate a two-dimensional (2D) hydrodynamic model capable of 

simulating the proposed dredging activity.  Collectively, these data will be used to 

assist interested parties as they begin to assess the feasibility of restoring Boston 

Bay to its pre-lock and dam condition. 
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LL&W contracted with IIHR Hydroscience and Engineering to provide the 

data collection, analysis and research necessary for this project.  These objectives 

were achieved via a combination of field-data collection, laboratory analysis and 

computer modeling software.  It is the purpose of this thesis to summarize the 

methods used to obtain and resolve the relevant data along with the results from 

each of these areas (field, laboratory and modeling).   

What follows should not be viewed as the ‘final say’ on whether or not the 

proposed dredging and restoration of Boston Bay should proceed as planned. 

Rather, this thesis should serve as a toolbox for decision makers going forward.  The 

results and analysis of the data collected during this project provides a template for 

those parties interested in pursuing similar efforts in the future.  It will also help to 

identify the work that still needs to be done before the restoration of Boston Bay can 

begin. 

 

 

1.4 – Study Area 

Boston Bay is a 650-acre backwater area adjacent to the main channel of the 

Mississippi River and is not protected by manmade levees, thereby subject to annual 

flooding (Figure 2).  With the establishment of the nine-foot navigation channel and 

the construction of levees in the early 1900’s many of the fast-moving chutes 

between islands, and even the islands themselves became inundated (Iowa DNR, 

2009).  With the introduction of the locks and dams in the 1930’s a minimum water 

surface elevation was mandated to allow for barge traffic, degrading habitat for 

plant and animal species which had adapted to a greater range of water level 

fluctuations (USACE, 2004 and 2006b).   
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Figure 2:  Map of Boston Bay study area featuring locations of proposed 
dredging and berm construction, along with sediment core sampling sites.
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Such is the case in the region near New Boston, Illinois where the land 

surrounding Boston Bay is now only capable of supporting tree species that have 

adapted to withstand frequent flooding such as silver maple and willow (Robertson, 

2008).  Over time, this backwater area has also suffered from high sedimentation 

rates coming from the main channel of the Mississippi as well as the upland areas of 

the Eliza Creek watershed (Windhorn, 2002).  As a result, many portions of Boston 

Bay become disconnected from one another during low-flow conditions.  For 

example ‘Bell’s Pocket’ (Figure 2), a popular location for recreational fishing is 

oftentimes inaccessible from the rest of the bay and can only be reached by small 

fishing boats and canoes (Marston, 2009; Russell, 2009; Armentrout, 2009).  

The Boston Bay study area is located four miles downstream from Lock and 

Dam #17, and sits just across the main channel of the Mississippi from the mouth of 

the Iowa River (Figure 1).  Water levels in the study are are highly dependent on the 

controlled flow conditions that exist in the Mississippi River just outside the bay.  

During the low-flow season that dominates late summer, fall and winter, water 

levels become so low that much of the bay becomes unnavigable.  On the other hand, 

the high-flow conditions that exist during spring and early summer cause waters 

flowing out of the bay and into the main channel to back-up, inundating the islands 

and which extend into the bay.    This can be seen through a comparison of aerial 

photographs of the study area taken during April of 2005 and August of 2008 

(Figure 3).  The uncontrolled flow coming from the Iowa River is also capable of 

contributing to the bays hydrology as witnessed after the floods of 1993 and 2008 

when the water surface elevation in the bay became so high that the levees which 

separate the river from the Bay Island Drainage and Levee District (BIDLD) were 

nearly breached (Marston, 2009). 

Flow conditions in Boston Bay are also dependant on the rates of inflow 

coming from Eliza Creek and the BIDLD (Figure 4).  Eliza Creek feeds into the bay  
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High-FlowLow-Flow

Figure 3:  Comparison of two aerial photographs of the Boston Bay study area.  
The photo on the left was taken in August, 2008 during the low-flow conditions that 
exist during late summer, fall and winter (Photo courtesy of Iowa Geographic Map 
Server).   The photo on the right was taken during high-flow conditons in April, 
2005.  Much of the land to the west of the study area (marked A) and the vegetated 
islands (marked B) are submerged during this part of the year (photo courtesy of 
U.S. Geologic Survey - Earth Explorer).
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Figure 4: Map showing watersheds which empty into Boston Bay.
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from the north, draining a watershed of 23,680 acres with elevations ranging from 

nearly 820 ft above sea level in the uplands to 530 ft in the floodplain (Windhorn, 

2002; U.S. Department of Agriculture [USDA], 2004).  Flows in Eliza Creek are highly 

variable and depend heavily on precipitation rates in the watershed.  Eliza Creek is 

an ungaged stream but flow data collected in early June, 2009 showed flows of 

approximately 30 cubic feet per second (ft3/sec).   Eye-witness accounts of Eliza 

Creek during drought conditions estimate that water levels can be much lower 

(Armentrout, 2009; Marston, 2009; Russell, 2009).  However, The U.S. Geological 

Survey (USGS) estimates that Eliza Creek is capable of handling 8,000 cubic feet per 

second (ft3/s) during peak flows of a 500 year event (USGS, 2009).   

In addition to receiving a steady flow from the Eliza Creek watershed, the 

neighboring BIDLD also pumps excess agricultural runoff into Boston Bay. The 

drainage district consists of nearly 24,000 acres of artificially drained farmland, and 

is protected from the Mississippi River by 25 miles of manmade levee (Marston, 

2009) (Figure 4).   While the flows entering the bay from the BIDLD vary throughout 

the course of a year, they are much more closely regulated than those coming from 

the Eliza Creek watershed.  Water is pumped year-round out of the drainage district, 

over the levee and into Boston Bay.  During the spring months or after a heavy 

rainfall event, all three of the drainage districts pumps are in operation, capable of 

discharging 265,000 gallons per minute (600 ft3/s) (Marston, 2009).  However, 

during the majority of the year, only two of the pumps are in use and typically 

discharge at a rate 200,000 gallons per minute (450 ft3/s).  The pumps are operated 

on an ‘as needed’ basis, but typically run on 8 - 10 hour cycles, three to four times a 

week to maintain the water table at a level that has been agreed upon by the 

drainage district’s board of commissioners to ensure a successful growing season 

(Marston, 2009).   
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A discussion of the study area cannot exist without mentioning how the land 

surrounding Boston Bay has been affected by the construction of manmade features 

including levees, locks and dams, and the nine-foot navigation channel.   As 

mentioned above, while wing dams and other control structures have influenced the 

hydrology of the UMRS, the construction of the locks and dams in the 1930’s is the 

most significant event affecting the condition of the river and most restoration 

efforts attempt to alter the resulting environmental impacts (Theiling, 1998; USACE, 

2006a).   

 Simply comparing a series of aerial photographs taken of the study area from 

the 1930’s through 2008 with results from a survey conducted by the Mississippi 

River Commission in the 1890’s (Figure 5) helps one to visualize how Boston Bay 

has changed since the introduction of the levees, locks, and dams.  This figure clearly 

indicates that the heavily vegetated islands and peninsulas that dominated the bay 

in the 1890’s survey map have diminished in area over time (marked A).   Likewise 

comparing the aerial photograph from 2008 with those taken in 1930 and 1950, it 

becomes evident that the density of the vegetation has also decreased significantly 

(Figure 5).   However, the land surrounding Goose Pond (marked B) appears to have 

experienced an increase in vegetation, presumably as a result of accelerated 

sedimentation rates following the construction of the locks and dams. 

 

 

 

1.5 – Methods of Study 

The analysis of Boston Bay was a multidisciplinary study that required a 

variety of methods to achieve the desired objectives including field data collection, 

laboratory analysis and computer modeling software.  The methods are briefly 

outlined below and described in detail in each of the proceeding chapters (2 through  
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Figure 5:  Map from 1890's land survey, and aerial photography of Boston Bay 
from the 1930's through 2008.  Map courtesy of U.S. Geological Survey, Upper 
Midwest Environmental Sciences Center .  Aerial photography courtesy of U.S. 
Geological Survey, Earth Explorer and Iowa Geographic Map Server .  A indicates an 
area of net increased vegetation, while B denotes a region that has experienced a 
decrease in vegetation.
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5).   Methods include: (1) sediment sampling and grain-size analysis, (2) monitoring 

for nitrate-nitrogen, (3) bathymetric mapping, and (4) hydrodynamic modeling.   

Eight sediment cores were obtained from the Boston Bay study area in April 

of 2008 and analyzed to determine soil types and characteristics of the material to 

be dredged.  Baseline water quality monitoring of nitrate-nitrogen concentrations 

from the agricultural runoff water being pumped into the bay was conducted from 

October 2008, through June of 2009.  A bathymetric survey was conducted in March 

2009, using global positioning system (GPS) techniques, echo sounding equipment 

and a geographical information system (GIS).  A two-dimensional (2D) 

hydrodynamic model of Boston Bay, capable of simulating the proposed dredging 

activity was constructed using a combination of computer modeling software and 

data collected in the field.  

 

 

1.5.1 – Sediment Sampling and Grain-Size Analysis   

Before the proposed dredging and restoration of Boston Bay can proceed, 

information about the relevant physical characteristics of the sediment contained 

within the study area were needed to better determine its suitability as potential 

berm-building material.  Sediment cores were collected from eight locations in 

Boston Bay for sediment grain-size analysis (Figure 2).  Initial methods of analysis 

included the feel test, ribbon test and soil color classification using the Munsell color 

chart.  Dry sieving was used to determine the distribution of sands.  Distributions of 

the finest particles (silt- and clay-size) were analyzed in the laboratory using the 

hydrometer method of sedimentation. 
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1.5.2 – Monitoring of Nitrate-Nitrogen  

Concentrations 

In addition to restoring connectivity and creating habitat through dredging, 

LL&W also discussed possible methods of enhancing the quality of runoff entering 

the bay from the surrounding watershed, the majority of which is artificially drained 

for agricultural purposes.  A real-time nitrate-nitrogen sensor was installed 

upstream from the BIDLD pumping station, continuously monitoring the 

concentration of nitrate-nitrogen in the agricultural runoff being pumped into the 

study area.  The data from the nitrate monitor coupled with the daily operation logs 

from the pumping station allowed for the estimation of the total load of nitrate-

nitrogen (in tons) entering Boston Bay via the drainage district.   

 

1.5.3 – Bathymetric Mapping 

To shed light on the elevation profile of Boston Bay, a bathymetric survey 

was conducted in late March of 2009.  State-of-the-art hydro-acoustic survey 

equipment was used to assist with the data collection along with a real-time kinetic 

GPS navigation system.  These two signals were synced through a GIS located 

onboard the survey vessel, resulting in over 180,000 geo-referenced elevation data 

points.  The resulting data set can be used to generate an accurate model of the bays 

existing topography, while also serving as base-line data against which future 

surveys can be compared.  

 

1.5.4 – Two-Dimensional Hydrodynamic Model 

Finally, to better understand how the proposed dredging could potentially 

impact the existing flow conditions in Boston Bay, a 2D hydrodynamic model of the 

study area capable of simulating the proposed restoration was generated using a 

combination of computer modeling software packages and the results from the 
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bathymetric survey along with other field data measurements to serve as boundary 

conditions. 

A series of different scenarios were simulated in an attempt to cover the 

range of conditions that exist in the study area throughout the course of a year.  The 

proposed dredging activity could also be modeled by changing the hybrid mesh 

generated with the existing bathymetry data to reflect exactly where the dredging 

would occur and the berms would be placed.  Results from these simulations will be 

used to better understand the potential environmental impacts that could result 

from dredging, including changes in water-surface elevation, water depth and flow 

velocity.  
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CHAPTER 2 – PARTICLE-SIZE ANALYSIS 

OF SEDIMENT CORE SAMPLES 

 

 

2.1 – Background 

Prior to any dredging or berm construction in Boston Bay, the physical and 

chemical characteristics of the existing sediment must be well understood (Bartos, 

1977; Herbich, 1992; USACE, 2004; Bray, 2008).  From a chemical standpoint, 

contaminated sediment is not an ideal candidate for berm design.  Placing dredge 

spoils which contain harmful chemicals, including heavy metals and PCB’s, on 

upland areas could be detrimental to human health as well as native plant and 

animal species (Doonze, 1990; Herbich, 2000; Bray, 2008).  Additionally, treatment 

of contaminated sediment is a time-consuming and expensive process that should 

be avoided when possible (Brandon, et al, 1996).   

Gaining a good understanding of the physical makeup of the sediment in 

Boston Bay is no less important.  It is essential to know the composition of any 

sediment intended for use in building (Bartos, 1977; Keefe, 2005).  Soils considered 

most suitable for wall or berm construction are those termed ‘Fuller Parabola’ or 

‘well-graded’ (Minke, 2006; Keefe, 2005; Murthy, 2003).  This term is used to define 

soils comprised of particles of many differnet diameters, having uniform 

distribution from coarse to fine, with no predominant particle-size as defined by the 

USDA soils classification scheme outlined in Table 1.  
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U.S. Department of Agriculture Soil Classification Scheme 

Name of Separate Diameter Range (µm) 

Very Coarse Sand 2000.0 – 1000.0 

Coarse Sand 1000.0  – 500.0 

Medium Sand 500.0 – 250.0 

Fine Sand 250.0 – 100.0 

Very Fine Sand 100.0 – 50.0 

Silt 50.0 – 2.0 

Clay < 2.0 

 

Table 1:  USDA soil classification scheme (Day, 1965). 

 

 

The lifetime of the proposed berms will be greatly increased if they are built 

out of soil that is easily compactable and capable of standing up to erosion.  Like 

cement in concrete, clays, which are highly cohesive, act as a binder for all larger 

particles (Keefe, 2005; Minke, 2006; Bray, 2008).  Samples containing high 

percentages of sand would not be considered appropriate berm-making material.   

Sands do not compact as well as clays or silts as can be shown via the ‘cohesion’ or 

‘ribbon’ test, where a sediment sample is compacted between the thumb and 

forefinger into long, ribbon-like shapes (Minke, 2005; USDA, 1993; Thein, 1979).  

Clayey soils easily form ribbons, while sandy soils quickly fall apart.  Ideally, the well 

graded soil used for berm construction would be of a clay loam, silty clay loam or 

loam texture, with larger aggregates (sand and gravel) evenly dispersed throughout 

(Keefe, 2005). 

While chemical analysis was outsourced to a third party (the results of which 

are summarized in Appendix A), Living Lands & Waters delegated the responsibility 

of determining the grain-size distribution of the sediment contained within Boston 

Bay to IIHR, with additional support coming from the University of Iowa’s 

Department of Geosciences and the Department of Earth and Environmental 
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Sciences at the University of Illinois at Champaign-Urbana.  The details of this study 

are outlined below.  

 

 

2.2 – Methods 

2.2.1 – Sediment Core Collection 

Sediment cores were extracted from eight locations (#’s 386 – 393) within 

Boston Bay, in hopes of gaining a broader understanding of the range of different 

sediment types covered throughout the bay, specifically in the proposed dredging 

locations (Figure 2).  Coring was conducted by the Illinois State Water Survey 

(ISWS) on April 9, 2008.  The cores were opened and analyzed on the following day 

at the ISWS office in Peoria, Illinois.  Initially, cores were photographed, measured 

(length) and described using the touch method and a Munsell color chart.   

Samples, two centimeters (cm) in thickness, were taken every 20 cm down 

the length of the core.  Those samples found to be within the same horizon 

(determined visually) were combined into a single sample.  This was done in hopes 

of obtaining a good representation of each horizon, while also cutting down on the 

amount of time spent doing analysis.  Samples were numbered according to their 

core number (#386 - 393, as assigned by ISWS), and their depth within the core 

(sample #386-3 being from deeper reaches of core #386 than sample #386-1). 

 

2.2.2 – Sediment-Size Distribution 

Although many methods of performing particle-size analysis (PSA) exist, the 

hydrometer method was chosen to determine the percentages of silt and clay, while 

traditional dry sieving was used to find the distribution of sands.  These methods 

were chosen because of their relatively easy learning curve when compared to 

other, more robust, methods like the pipette or x-ray attenuation (Sedigraph) 
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methods.  While the claim that, with a hydrometer, ‘the colloidal content of a soil can 

be estimated quite accurately in only 15 minutes’ (Bouyoucos, 1926) might be a bit 

of an exaggeration, it is true that performing PSA using a hydrometer and traditional 

sieving techniques is much less time consuming than other means of grain-size 

analysis. 

 

2.2.2.1 – Distribution of Silt and Clay 

Like other methods of sediment-size analysis based on the rate at which 

particles settle in a given fluid, the hydrometer method depends fundamentally on 

Stokes’ Law, 

 

 � � ������	�
�
��                     (1) 

(Day, 1965), which describes the rate v at which spherical particles with a diameter 

X and density ρs settle in a liquid with density ρL and viscosity, η.  Here, g is equal to 

the acceleration due to gravity.  Hydrometer analysis begins once sediment and 

water has been thoroughly mixed, after which sediment begins to settle out of the 

water column, obeying Stokes’ Law.  The density of the sediment-water suspension 

depends on the concentration and specific gravity of the sediments present in the 

mixture.  If the water-soil mixture is allowed to stand, soil particles begin settling 

out of suspension, decreasing the density of the mixture.  The hydrometer measures 

the density of the suspension at a known depth below the surface (Sawyer, 2008).  

Perhaps the most straightforward method for determining particle 

fractionation from hydrometer readings is through a graphical representation (Day 

1965).  Measured particle diameter X (microns), a function of settling time t 

(minutes), is calculated using Equation 1 (Stokes’ Law), which can be re-written as: 

 



www.manaraa.com

23 
 

 

� � �
��/�  ,   where  � � 1000 � ��� 

����	�
�
!                    (2) 

 

(Day, 1965).  The sedimentation parameter (θ) is dependent on the depth at which 

the hydrometer bulb is immersed in the suspension (h), and is variable during the 

settling process.  If h is set equal to the distance from the center of the hydrometer 

bulb (in centimeters) to the surface of the suspension, a relationship between h and 

hydrometer reading (R) is established, making θ a function of R (Table 2) (Day, 

1965).  

 

R θ R θ R θ 

-5 50.4 11 46.4 27 41.9 

-4 50.1 12 46.2 28 41.6 

-3 49.9 13 45.9 29 41.3 

-2 49.6 14 45.6 30 41 

-1 49.4 15 45.3 31 40.7 

0 49.2 16 45 32 40.4 

1 48.9 17 44.8 33 40.1 

2 48.7 18 44.5 34 39.8 

3 48.4 19 44.2 35 39.5 

4 48.2 20 43.9 36 39.2 

5 47.9 21 43.7 37 38.9 

6 47.7 22 43.4 38 38.6 

7 47.4 23 43.1 39 38.3 

8 47.2 24 42.8 40 38 

9 47 25 42.5 41 37.7 

10 46.7 26 42.2 42 37.4 

 

Table 2: Values of sedimentation parameter 

(θ) used to calculate particle diameter (X) from 

hydrometer readings (R) (Day, 1965). 
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The concentration of the suspension (c) (grams/liter) can be calculated by 

subtracting the ‘blank’ sample reading (RL) (obtained during hydrometer 

calibration, described below) from the recorded hydrometer reading (R).  From this, 

the summation percentage of each particle size (P) is calculated using Equation 3 

 

P = 100(c/co)           (3) 

(Day, 1965), where c0 is mass of the oven-dried soil sample in grams per liter of 

suspension. 

Finally, a plot of summation percentage (P) versus particle size (X) can be 

constructed, with a logarithmic scale used for particle-size (Figure 6).  The curve is 

plotted cumulatively with each grain size including all fine components (Minke, 

2006).  Percentage of sand, silt and clay can be inferred by interpolating from the 

curve at different values of X (2 µm, 50 µm, etc).  Interpreting the graph plotted in 

Figure 6, one would conclude that this particular summation curve is representative 

of a sediment sample comprised of 4% sand, 49% silt and 47% clay and would be 

classified as ‘silty clay.’    

This result is obtained by first noting where the curve in Figure 6 crosses the 

boundary between silt and clay (X = 2µm) marked A. Finding the corresponding 

percentage value by simply reading off the y-axis, one see’s that this sample contains 

47% clay.  To determine the percentage of silt, locate where the curve crosses the 

boundary between sand and silt (X = 50µm) marked B.  Find the corresponding 

percentage value (96%) and subtract from it the clay percentage (47%) to calculate 

the percentage of silt which, for the case in Figure 6, is 49%.  Sand percentage is 

found by subtracting the sum of the silt and clay percentages from 100.      
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Figure 6: 
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2.2.2.2 – Distribution of Sand

While the hydrometer method is perfectly appropriate for determining 

percentages of finer particles like silt and clay, it is not a useful tool for ascertaining 

the quantity of coarse sediment (sand and gravel) contained within a soil sample.  

Therefore, it was decided that the traditional 

analysis be applied to the handful of core samples that contained high amounts 

(greater than 50%) of material 

The idea behind sieving is simple, but consistency is required 

accurate results.  Samples must first be treated to assure that aggregates of fine

grained sediment not affect the final results (Day, 1965).  This is achieved by placing 

a sample in a #325 sieve capable of passing particles with diameter smaller than 50 

microns and thoroughly washing it with distilled water.  After the samples have 

been allowed to dry, they are weighed and poured into a series of stacking 8

diameter sieves, each equipped with a wire mesh capable of passing particles of a 

given size. The chance that a particle passes through a sieve opening is highly 
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t was decided that the traditional dry sieving method of grain size 
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While the hydrometer method is perfectly appropriate for determining 

percentages of finer particles like silt and clay, it is not a useful tool for ascertaining 

the quantity of coarse sediment (sand and gravel) contained within a soil sample.  

sieving method of grain size 

analysis be applied to the handful of core samples that contained high amounts 

50 microns. 

The idea behind sieving is simple, but consistency is required to obtain 

.  Samples must first be treated to assure that aggregates of fine-

grained sediment not affect the final results (Day, 1965).  This is achieved by placing 

a #325 sieve capable of passing particles with diameter smaller than 50 

microns and thoroughly washing it with distilled water.  After the samples have 

been allowed to dry, they are weighed and poured into a series of stacking 8-inch 

equipped with a wire mesh capable of passing particles of a 

given size. The chance that a particle passes through a sieve opening is highly 
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dependent upon the shape and orientation of the particle, thus requiring prolonged 

shaking.  This can be achieved through a mechanized shaking device, such as the Ro-

Tap sieve shaker.  Despite the advantages that such equipment can provide, it is 

often not possible for sieving to be continued to ‘completion’ as is often prescribed 

(Day, 1965). 

Once the shaking process is finished, the contents of each sieving pan is 

weighed and the percentages of sand, from very coarse to very fine, can be 

determined by dividing the mass remaining in each pan by the total mass of the 

original sample.  Plots, similar to the summation curves used to determine 

percentages of fine sediment can be generated using the data collected during 

sieving to determine the distribution of sands.   

 

 

2.3 – Analysis and Results 

2.3.1 – Silt and Clay Size Analysis 

Analysis closely followed the methodology outlined by Day (1965).  An HB 

Instrument Co. soil analysis hydrometer was chosen for its ability to take readings 

over a large range of concentrations (-5 to 60 grams/liter), which meets ASTM 

standards.  To properly calibrate the hydrometer, 10 milliliters (mL) sodium 

hexametaphosphate (‘Calgon’) was added to a sedimentation tube that was filled the 

rest of the way with distilled water to bring the final volume to one liter (L).  The 

hydrometer was placed into this solution and a ‘blank’ reading was taken and 

recorded as RL1.  This process was repeated again on the second day of data 

collection, this time recorded as RL2.  Temperature of the blank solution was also 

recorded at the start of each day readings were taken. Data collected during 

calibration is summarized in Table 3. 
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Date RL1 (g/L) RL2 (g/L) T1 (°C) T2 (°C) 

5/12/2008 1 1 20 20 

5/13/2008 1 1 20 20 

 

Table 3:  Hydrometer and temperature readings on 

blank sample,obtained during hydrometer calibration. 

 

 

Cores were treated on an individual basis with samples taken from each 

horizon.  After the samples were allowed to dry overnight, 40 (±0.5) grams from 

each sample, capable of passing a sieve with a two millimeter (mm) opening, were 

weighed and placed in a 200 mL beaker.  50 mL of distilled water was added to each 

sample, along with 10 mL of hydrogen peroxide (H2O2) and 10 mL sodium acetate 

(C2H3NaO2) to aid in the removal of soluble salts, iron oxides and organic 

compounds including carbonates.  This solution was then placed on a heating 

element, and allowed to digest for two hours. 

Proper fractionation and PSA depends on sufficient dispersal of soil particles 

in the water column (Day, 1965).  That is, the soil particles must be thoroughly 

separated from one another and suspended in an aqueous solution.  To properly 

disperse the particles, 50 mL Calgon was added to each sample, resulting in a strong 

electrical repulsion force between individual soil components which disperses 

flocculated clays, and acts to break-up larger aggregates composed of smaller 

particles (Keefe, 2005).  Finally, samples were placed on a reciprocating shaker and 

allowed to mix for five hours.  

Following pretreatment the samples were placed into sedimentation tubes, 

which were then filled to the one liter mark with distilled water.  As stated above, 

hydrometer readings cannot be taken until the sediment is thoroughly mixed into 

the water column.  This was accomplished via several long, slow, upward strokes 

with a plunger.  The hydrometer was then placed into the suspension, and a reading 



www.manaraa.com

28 
 

 

was taken at 30 seconds, after which the hydrometer was removed from the 

sedimentation tube.  This reading was recorded as R.5.  This process was repeated 

after 1, 3, 10, 30, 90, and 720 minutes with careful attention paid so as not to disturb 

the mixture each time the hydrometer was placed into the suspension.  These 

readings were recorded as R1, R3, R10, etc (Table 4).  Once the hydrometer readings 

were complete, the contents of the sedimentation tubes were emptied, and filtered 

through a #325 sieve capable of passing particles smaller than 50 microns.  The 

remaining sample was then dried and sand percentages were determined via 

traditional sieving methods as will be described in greater detail below. 

Once all the hydrometer readings were taken and recorded, Stokes’ Law was 

used to determine particle diameter (microns) based on settling time and 

hydrometer readings (Equation 2).  However, careful attention needs to be paid to 

the value of the sedimentation parameter (θ) used in this expression. Equation 2 

assumes that the viscosity (η) is of water at 30 °C, with a value of 0.008 Poise.  As 

outlined in Table 3, this was not the case during the two days over which 

hydrometer readings were recorded.  Rather, the temperature of the blank sample 

was only 20 °C, and θ must be multiplied by the correction factor (η20/η30)1/2 , where 

η20 is the viscosity of water at 20 °C (0.01 Poise).  This ratio of viscosities is 1.118. 

Summation percentage was calculated using the oven-dry weight of the 

sediment sample (c0) and the hydrometer readings (R) (Equation 3).  Finally plots of 

summation percentage (P) versus particle diameter (X) were generated (Figures 7 -

11), as exemplified using Figure 6.  From these curves, one can easily determine the 

distribution of sand, silt and clay as outlined above.  These results have been 

summarized in Table 5 
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Core # Mass (g) R.5 R1 R3 R10 R30 R90 R720 

386-1 40.5 34 33 31 26 22 18 14 

386-2 40.1 43 42 40 36 30 25 18 

386-3 40.6 42 41 39 36 32 28 20 

387-1 40.8 40 39 37 33 30 26 19 

387-2 41.0 42 41 40 38 34 31 23 

387-3 40.6 43 42 38 37 32 28 21 

388-1 40.8 40 39 37 33 29 25 19 

388-2 40.7 40 37 34 27 23 20 16 

388-3 40.9 42 41 41 37 34 29 21 

388-4 40.3 20 16 13 11 10 9 8 

388-5 40.7 32 31 28 23 20 17 13 

389-1 40.8 24 23 21 17 16 13 6 

389-2 40.3 38 36 34 30 25 21 8 

389-3 40.7 42 41 40 37 34 30 17 

390-1 40.5 36 34 34 32 31 27 22 

390-2 40.5 30 29 28 25 23 22 19 

391-1 31.6 32 31 30 28 26 23 17 

391-2 41.3 35 33 30 27 24 20 17 

391-3 41.6 7 6 6 5 5 5 5 

392-1 40.4 41 40 39 36 32 29 19 

392-2 41.9 25 24 22 17 16 13 7 

392-3 40.6 6 5 5 5 4 4 4 

392-4 40.3 4 4 3 3 3 3 3 

393-1 40.7 32 31 30 23 22 21 12 

393-2 40.3 28 27 25 23 22 17 14 

393-3 41.2 5 5 4 4 3 3 3 

393-4 40.6 6 6 6 6 5 5 4 

393-5 40.7 4 4 3 3 3 3 3 

 

Table 4: Mass (grams) and hydrometer readings (R),measured in 

grams/liter, for each core sample, taken at 0.5, 1, 3,10, 30, 90 and 720 

minutes. 
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Figure 7:  Summation curves for cores #386 and #387.  Particle size (µm) is 

plotted along the x-axis, using a logarithmic scale.  Summation percentage is 

plotted along the y-axis. 
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Figure 8:  Summation curves for core #388.  Particle size (µm) is plotted along the 

x-axis, using a logarithmic scale.  Summation percentage is plotted along the y-

axis. 
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Figure 9:  Summation curves for cores #389 and #390.  Particle size (µm) is 

plotted along the x-axis, using a logarithmic scale.  Summation percentage is 

plotted along the y-axis. 
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Figure 10:  Summation curves for cores #391 and #392.  Particle size (µm) is 

plotted along the x-axis, using a logarithmic scale.  Summation percentage is 

plotted along the y-axis. 
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Figure 11:  Summation curves for core #393.  Particle size (µm) is plotted along 

the x-axis, using a logarithmic scale.  Summation percentage is plotted along the 

y-axis. 
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Core # % Sand % Silt % Clay Texture 

386-1 20.00 48.00 32.00 SiCL 

386-2 8.00 52.00 40.00 SiCL 

386-3 7.00 65.00 28.00 SiC 

387-1 9.00 49.00 42.00 SiC 

387-2 6.00 43.00 60.00 C 

387-3 7.00 50.00 43.00 SiC 

388-1 8.00 44.00 48.00 SiC 

388-2 10.00 51.00 39.00 SiCL 

388-3 1.00 49.00 50.00 SiC 

388-4 61.00 21.00 18.00 SL 

388-5 25.00 45.00 30.00 CL 

389-1 45.00 41.00 14.00 L 

389-2 11.00 70.00 19.00 SiL 

389-3 1.00 58.00 41.00 SiC 

390-1 18.00 27.00 55.00 C 

390-2 30.00 28.00 42.00 C 

391-1 5.00 43.00 52.00 SiC 

391-2 18.00 41.00 41.00 SiC 

391-3 88.00 2.00 10.00 LS 

392-1 5.00 52.00 43.00 SiC 

392-2 43.00 40.00 17.00 L 

392-3 89.00 3.00 8.00 S 

392-4 92.00 6.00 2.00 S 

393-1 26.00 47.00 27.00 L 

393-2 35.00 32.00 33.00 CL 

393-3 91.00 4.00 5.00 S 

393-4 88.00 5.00 7.00 LS 

393-5 93.00 2.00 5.00 S 

 

 

Table 5:  Results from hydrometer analysis 

performed on sediment samples from Boston 

Bay.  Percentages of sand, silt and clay found 

using the hydrometer method of grain-size 

analysis.  Texture determined using the USDA 

soil texture triangle (Figure 13)   (C=Clay, 

Si=Silt, S=Sand, L=Loam). 
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2.3.2 – Sand Size Analysis 

A brief review of the results from the hydrometer analysis reveals that seven 

of the 28 samples contain greater than 50% sand (#’s 388-4, 391-3, 392-3, 392-4, 

393-3, 393-4, and 393-5).  What remained after hydrometer analysis from each 

sample was placed in a #325 sieve capable of passing particles smaller than 50 

microns.  The samples were rinsed with distilled water to remove any aggregates of 

fine sediment.   

To accurately determine the break-down of different sand sizes in these 

samples, each was dried, re-weighed and emptied into a set of stacking sieves.  Five 

sieving pans were placed on top of an impermeable pan, each allowing particles of a 

given size to freely pass through them.  The particle size, USDA classification and 

sieve number are listed in Table 6.  The sieves were placed in a mechanized Ro-Tap 

sediment shaker, and allowed to shake for 10 minutes, after which the contents of 

each sieve pan were emptied into a small dish and re-weighed.  These results have 

been summarized in Tables 7-8. 

 

 

Particle Size (µm) USDA Classification Sieve # 

2000 - 1000 Very Coarse Sand (VCoS) 18 

1000 - 500 Coarse Sand (CoS) 35 

500 - 250 Medium Sand (MS) 60 

250 - 100 Fine Sand (FS) 140 

 100 - 50  Very Fine Sand (VFS) 325 

 

 

Table 6:  Sizes of sand components, with their USDA 

classification and respective sieve number. 
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Sample 

# 

Total 

Mass (g) 

Sieve 

Opening 

(mm) 

Indiv. 

Mass 

(g) 

% 

Retained 
Class 

388-4 25.043 2 0.244 0.97 VCoS 

1 0.901 3.60 CoS 

0.5 7.709 30.78 MS 

0.25 12.32 49.20 FS 

0.1 3.796 15.16 VFS 

0.05 0.087 0.35 Si 

391-3 10.38 2 0.434 4.18 VCoS 

1 0.812 7.82 CoS 

0.5 2.419 23.30 MS 

0.25 3.611 34.79 FS 

0.1 2.817 27.14 VFS 

0.05 0.288 2.77 Si 

392-3 57.54 2 4.829 8.39 VCoS 

1 3.423 5.95 CoS 

0.5 12.587 21.88 MS 

0.25 31.809 55.28 FS 

0.1 4.424 7.69 VFS 

0.05 0.469 0.82 Si 

392-4 71.13 2 5.362 7.54 VCoS 

1 19.773 27.80 CoS 

0.5 20.774 29.21 MS 

0.25 21.486 30.21 FS 

0.1 3.55 4.99 VFS 

0.05 0.189 0.27 Si 

 

 

Table 7:  Results of sieving to determine distribution of 

sands for samples 388-4, 391-3, 392-3 and 392-4 (VCos = 

Very Coarse Sand; CoS =Coarse Sand; MS = Medium Sand; FS 

= Fine Sand; VFS = Very Find Sand; Si = Silt). 
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Sample 

# 

Total 

Mass (g) 

Sieve 

Opening 

(mm) 

Indiv. 

Mass 

(g) 

% 

Retained 
Class 

393-3 47.15 2 4.517 9.58 VCoS 

1 1.197 2.54 CoS 

0.5 5.954 12.63 MS 

0.25 26.097 55.35 FS 

0.1 8.279 17.56 VFS 

0.05 1.106 2.35 Si 

393-4 67.39 2 13.089 19.42 VCoS 

1 18.058 26.80 CoS 

0.5 18.075 26.82 MS 

0.25 10.49 15.57 FS 

0.1 7.323 10.87 VFS 

0.05 0.352 0.52 Si 

393-5 78.92 2 3.595 4.56 VCoS 

1 12.817 16.24 CoS 

0.5 20.894 26.47 MS 

0.25 28.711 36.38 FS 

0.1 10.595 13.42 VFS 

0.05 2.311 2.93 Si 

 

Table 8:  Results of sieving to determine distribution of 

sands for samples 393-3, 393-4 and 393-5 (VCos = Very 

Coarse Sand; CoS =Coarse Sand; MS = Medium Sand; FS = 

Fine Sand; VFS = Very Find Sand; Si = Silt). 

 

Once the fractionation of sand components was complete, the percentages of 

particles retained in a given sieve were plotted against the size of the sieve opening 

(millimeters), resulting in a plot that contains information similar to that found 

using the gradation curves obtained following the hydrometer analysis (Figure 12).  
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Figure 12:  Gradation curves for samples containing >50% sand, obtained via 

sieving.  Percent retained is plotted on the y-axis, with sieve opening size (mm) 

plotted on the x-axis. 

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

388-4

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Seive Opening (mm)

392-3

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

393-3

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

393-5

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

391-3

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

392-4

0

20

40

60

0.025 0.25 2.5

P
e

rc
e

n
t 

R
e

ta
in

e
d

Sieve Opening (mm)

393-4



www.manaraa.com

40 
 

 

For example, a brief glance at the curve for core sample #388-4 reveals that the 

majority of the sand components are in the 0.10 – 0.25 mm range, were retained in 

the #140 sieve, and would be best described as ‘fine sand.’  Similar arguments hold 

for the other samples that underwent particle-size analysis via sieving.

 

2.4 – Discussion 

Particle-size analysis of core samples provided much insight into the physical 

characteristics of the sediment contained within Boston Bay.  The eight sediment 

cores consisted of particles that were predominantly silt- and clay-sized (2 – 50 µm) 

with two cores (# 392 and 393) displaying significant amounts of sand near their 

bottoms.  The results of this analysis are easily displayed in a ternary diagram, 

similar to the texture triangle used by the USDA (Figure 13).   

The results of the hydrometer analysis indicate that the majority of the 

sediment found in Boston would classify as ‘silt’ with the summation curves 

(Figures 7 - 11) being indicative of sediment which is predominantly fine-grained 

(Venkatramaiah, 2006).  These results closely match those obtained immediately 

following the opening of the cores via the touch method and cohesion test.  Samples 

analyzed using dry sieving consisted primarily of particles with diameters in the 

range of 0.10 – 0.25 millimeters (mm), and would be considered ‘fine sand.’   

Samples taken near the location of proposed dredging (cores #387-389) are 

almost entirely made up of a silt-clay structure, and may contain large amounts of 

sediment from farm runoff pumped into the bay via the BIDLD.  Analysis of 

sediment samples taken from within the drainage district would be necessary to 

help validate this hypothesis. 
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Figure 13:  USDA soil texture triangle. 
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and would need to be amended with coarse-grained sediment if it is to be used for 
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are highly susceptible to erosion and a process known as piping, where the 
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indicate 

on Bay. 

As it stands, the majority of these samples does not qualify as ‘well-graded’ 

grained sediment if it is to be used for 

purposes.   Soils containing high percentages of silt and mud are highly 

unstable, and will oftentimes transform into a ‘quick’ when saturated. These soils 

are highly susceptible to erosion and a process known as piping, where the 

urface tunnels undermines the soils stability (Bray, 2008).  

Further analysis of the engineering properties of these samples should be conducted 

including determination of water content, shear strength, bulk density, void ratio, 

ical parameters through methods such as the ‘slump 
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While silt- and clay-sized particles make up the majority of the sediment in 

Boston Bay, close attention should also be paid to the samples containing higher 

percentages of sand. The gradation curves obtained via sieve analysis indicate that 

fine-sand components (.10 – .25 mm) appear to dominate.   Cores #391-393, taken 

near the confluence of the bay with Eliza Creek, which empties into Boston Bay from 

the North, contained the highest levels of sand near their bottoms.  Core #393 

especially, contained significant amounts of sandy material, possibly due to its 

proximity to the levee which is covered with sand (Figure 2).  Again, further testing 

is required.   

Perhaps what is more interesting about core #393 lies in its potential to shed 

light into sedimentation rates that exist in Boston Bay.   If the hypothesis that the 

sandy material near this cores bottom-reaches is indeed from the levee, then the silt 

and clay that have collected on top of the sandier layers, could have been deposited 

only after the construction of the levees (1930’s).  A quick measure of the amount 

(depth) of finer sediment layered on top of the sand, coupled with the construction 

date of the levee would allow one to make a rough estimate of the rate at which 

sediment is being deposited at that particular location in the Boston Bay study area.   

Taken on an individual basis, sediment-size tended to trend downwards with 

decreasing core depth.  That is, larger particles were generally observed near the 

bottoms of the cores with finer particles located nearer the cores top.  However, this 

was not the case for every sediment core sample.  Core #386, located near the 

confluence of Boston Bay with the Mississippi River (Figure 2) exhibited the 

opposite trend.  The sample taken from the upper-most horizon of this core 

contained 20% sand, whereas the lower horizons were composed of only seven and 

8% sand respectively (Table 5).  Core #389, taken near the outlet of the Bay Island 

pumping station (Figure 2) exhibited a similar trend with the upper horizon 

consisting of 45% sand, and the bottom layer only containing 1%.  Further studies 
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into the flow conditions at these locations may be required to explain these 

anomalies.    

Finally, it should be noted that the results from this study closely match data 

collected during extensive soil surveys of Mercer County, Illinois conducted in 1925 

and 2004 (Smith, 1925; USDA, 2004).  According to the Soil Survey of Mercer 

County, Illinois (2004) the land surrounding Boston Bay contains soils that are 

primarily Fluvaquents (loam), with significant amounts of Coloma sand located on 

the eastern shore of the bay.  The survey also found that the islands and peninsulas 

that extend into Boston Bay contain soils which consist primarily of Blake-Beaucoup 

Complex , a silty clay loam (USDA, 2004) (Figure 14).   

While such agreement is reassuring, a closer look at the results from the soil 

survey conducted in 2004 reveals insight into the suitability of such soils as building 

materials which may be a cause for some concern.  Fluvaquents, Blake-Beaucoup 

Complex and Coloma sands all present severe limitations when used in the 

construction of embankments, dikes and levees according to the survey (USDA, 

2004).  The report sites ponding, seepage and piping as reasons why such soils 

serve as poor candidates for building material.  If this is indeed the case, successful 

construction of berms using the sediment dredged out of Boston Bay would likely 

require that the dredged sediment be amended with additional, coarse-grained, 

material and that significant time for dewatering be provided.  Further, site-specific, 

analysis will be required to determine the suitability of the sediment contained 

within Boston Bay, especially in the proposed dredging locations, as a construction 

material. 

The data obtained during grain-size analysis of sediment found within 

Boston Bay is only one piece of a much larger puzzle.  Close attention must also be 

paid to the results from chemical analysis, tests to determine the engineering and 

geotechnical properties of dredged material, as well as information about  
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Figure 14:  Map displaying results from soil survey of Mercer County, 
Illinois (USDA, 2004). 

Soil classification data courtesy of the U.S. Department 
of Agriculture - Natural Resources Conservation Service 
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sedimentation rates and erosion control practices in the surrounding watersheds.  

These data, taken together, will serve as a useful tool for decision makers as the 

proposed dredging of Boston Bay moves forward. 
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CHAPTER 3 – NITRATE MONITORING 

OF AGRICULTURAL RUNOFF 

 

 

3.1 – Background 

Since 1985, researchers have been mapping an area off Louisiana’s Gulf coast 

commonly referred to as the ‘Dead Zone.’  Aptly named, the waters in this region 

annually exhibit dissolved oxygen concentrations lower than 2 milligrams per liter 

(mg/L) beginning in early spring and lasting until temperatures begin to decrease in 

late fall. This condition, termed ‘hypoxia,’ represents the threshold below which the 

majority of marine life cannot exist (Leming and Stuntz, 1984; Renaud, 1986; 

Goolsby and Battaglin, 2000; Rabalais, et al, 1999, 2002).  According to findings 

published in 2000 by the National Science and Technology Council’s Committee on 

Environmental and Natural Resources (CENR), while it is possible for such 

conditions to occur naturally, the overwhelming scientific evidence points to 

excessive loads of nitrogen (resulting from human activity) coming from the 

Mississippi-Atchafalaya drainage basin coupled with hydrologic and climatic factors 

as the main contributors to the onset and duration of the hypoxic conditions existing 

in the northern Gulf of Mexico (Vitousek, et al, 1997; CENR, 2000; Mississippi 

River/Gulf of Mexico Watershed Nutrient Task Force, 2004;  Ribaudo, et al, 2005). 

Increased levels of nitrogen, primarily in the form of nitrate, can lead to 

enhanced productivity of phytoplankton algae, a process known as ‘eutrophication,’ 

which will ultimately sink to the deeper reaches of the Gulf if not otherwise 

incorporated into the food web (Rabalais, et al, 1999; CENR, 2000; Beecher, et al, 

2001; Mississippi River/Gulf of Mexico Watershed Nutrient Task Force, 2001; 

Landers, 2008; Conley, et al, 2009).  This extra organic material is decomposed by 

bacteria, a process that consumes large amounts of dissolved oxygen.  When the rate 

at which decomposing microbes use oxygen exceeds the replenishment rate, oxygen 

concentrations begin to decrease.  As the dissolved oxygen content of northern Gulf 
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waters continues to diminish during the spring and summer months, marine 

organisms eventually begin migrating to more hospitable regions of the Gulf.  Those 

creatures not capable of escaping hypoxic waters will eventually die, decreasing 

marine biodiversity, degrading ecosystem services and impacting local community’s 

dependant on the shrimp and fishing industry (Schoonover and Muller, 2002; 

Osterman, et al, 2006; Booth and Campbell, 2007; Withgott and Brennan, 2007). 

Like many estuaries, density differences in the water column off Louisiana’s 

Gulf coast lead to stratification in early spring, with limited mixing between the 

warm, fresh, nutrient-rich water from the Mississippi River layered above the cold, 

salty waters of the Gulf.  Strongly stratified waters, like those which exist in the Gulf 

of Mexico oftentimes require heavy winds or even hurricanes to aid in the mixing 

process.  Without such assistance, stratification will remain until late summer or 

early fall when temperatures begin to decrease and the density of the fresh surface-

waters approach that of the submerged salt water (Rabalais, et al, 1996; CENR, 

2000). This layering inhibits the deeper waters, where the majority of 

decomposition occurs, from receiving a steady supply of oxygen from the 

atmosphere, further exacerbating hypoxic conditions (Wiseman, et al, 1997; Potash 

and Phosphate Institute, 1999; Laine, et al, 2007). 

As mentioned above, human alterations to the Mississippi-Atchafalaya River 

Basin (MARB) including channelization of streams and rivers, construction of levees 

to aid in flood control, artificial drainage of wetlands capable of acting as nitrogen 

sinks, and application of nitrogen-based fertilizer to agricultural lands all contribute 

to the increased delivery rate of nitrogen-rich waters to the Gulf (Mitsch, et al, 2001, 

2005).  It is estimated that during the last 200 years, 35 million acres of wetlands 

existing in the MARB have been artificially drained to aid in agricultural practices 

(CENR, 2000).  Ohio, Indiana, Iowa and Illinois alone have seen roughly 80 percent 

of their original wetlands drained (Mitsch and Day, 2006).  Additionally, many of the 
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wetlands and backwaters not drained for farming purposes were eventually isolated 

from the main channel of the Mississippi River following the construction of the 

locks, dams and levees in the 1930’s, thus limiting their role as productive nutrient 

filters (Phipps and Crumpton, 1994; Mitsch and Day, 2006; Strauss, et al, 2006; 

Bukaveckas, 2007).   

Furthermore, the increased application rate of nitrogen-based fertilizer to 

the heavily farmed watersheds of the MARB significantly adds to the load of nitrate-

nitrogen entering the Gulf.  Research indicates that nitrogen fertilizer application 

experienced significant expansion between the 1950s and 1980s when nitrogen 

inputs to the Gulf more than tripled and crop harvest increased by about 2.4 times 

(Goolsby, et al, 1999; CENR, 2000; Goolsby and Battaglin, 2000).  Altogether, 

agricultural sources are thought to contribute to 74 percent of the nitrate and 65 

percent of the total nitrogen carried by the Mississippi River to the Gulf of Mexico 

(Withgott and Brennen, 2007; Landers, 2008).  Agricultural runoff, along with 

atmospheric deposition of nitrogen would fall under the category of ‘nonpoint’ 

source pollution, which, as of 2008, was thought to be responsible for 78 percent of 

the nitrogen loading to the Gulf.  The other 22 percent coming from ‘point’ sources 

like industrial manufacturing facilities and municipal wastewater treatment plants 

(Landers, 2008; Mississippi River/Gulf of Mexico Watershed Nutrient Task Force, 

2008) 

While anthropogenic alterations contributing to the heightened levels of 

nitrogen loading to the Gulf of Mexico exist all throughout the MARB, findings 

indicate that the principle sources of nitrate leading to Gulf hypoxia reside in the 

Upper Mississippi River Basin (UMRB), above the confluence with the Ohio River 

(Alexander, et al, 2008, Landers, 2008).  Watersheds in the UMRB that are heavily 

farmed and artificially drained by sub-surface tile lines are thought to be the major 

contributors to the hypoxic conditions that exist in the Gulf of Mexico (CENR, 2000; 
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USGS, 2000; Randall and Mulla, 2001; Keeney, 2002; Tomer, 2003).  It is estimated 

that 56 percent of the total nitrate load transported to the Gulf enters the 

Mississippi River above the Ohio River, primarily in the form of agricultural runoff 

coming from the intensely cultivated, unnaturally drained watersheds of southern 

Minnesota, Indiana, Iowa and Illinois (Goolsby, et al, 1999; CENR, 2000).  

 

 

3.2 – Methods  

3.2.1 – Measurement of Nitrate Concentration 

The Bay Island Drainage and Levee District (BIDLD) is just one of the many 

artificially drained agricultural watersheds in the UMRB described above.  Located 

along Illinois’ western border with the Mississippi River, this 24,000 acre drainage 

district is protected from flooding by 25 miles of manmade levee and contains 

nearly 500 acres of drainage ditches (Marston, 2009) (Figure 4).  Agricultural runoff 

is pumped year-round out of the district, over the levee, and into Boston Bay before 

entering the flows of the Mississippi and eventually the Gulf of Mexico.   

 In June of 2008, Living Lands & Waters (LL&W) decided to include water 

quality enhancement as another piece to the proposed restoration of Boston Bay.  

Specifically, LL&W was interested in reducing the concentration of nitrate-nitrogen 

in the waters entering Boston Bay via the BIDLD.  Different ideas, including nutrient 

retention ponds, and augmentation of the dissolved oxygen levels in the drainage 

ditch upstream from the pump intake were explored, but none were ever 

implemented.    

At the request of LL&W, IIHR installed a Nitratax real-time nitrate-nitrogen 

sensor at the drainage district’s pump intake in October of 2008 to monitor the 

concentration of nitrate-nitrogen entering Boston Bay via the drainage district 

(Figure 2).  This was done in hopes of establishing a baseline dataset that could be 
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used to help determine the most appropriate methods for improving the quality of 

runoff being pumped into Boston Bay.  Data was collected around the clock, from 

October 21, 2008 until June 3, 2009.   

Following installation, the nitrate sensor was wired to a Hach sc1000 data 

logger located inside the pumping station.  The data logger was linked to a laptop 

computer where results were easily downloaded as a text file.  It was decided that 

readings would be recorded every half-hour to help conserve the data logger’s 

memory, and cut down on analysis.  On multiple occasions turbidity, organic content 

and nitrate concentration became high enough that the sensors range of 

measurement was exceeded, resulting in a noisy data set which had to be clarified 

during post-processing.  The data collected during this exercise have been displayed 

as a series of plots of nitrate concentration versus time. 

 

3.2.2 – Estimate of Nitrate Load 

Taken on its own, the data collected with the nitrate sensor tells us little 

more than the concentration of nitrate-nitrogen at one particular spot in a much 

larger watershed.  However, if nitrate concentration is coupled with information 

about the discharge from the Bay Island pumping station, then it is possible to 

estimate the total load of nitrate-nitrogen coming into Boston Bay via the drainage 

district.  Daily maintenance logs for the three pumps operated by the drainage 

district contain information about when the pumps are turned on and off, as well as 

the speed n (rpm) at which the pumps are operating.  Given the maximum capacity 

that the pumps are capable of performing (Q1, n1), the pump affinity law 
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(Mays, 2005) is used to calculate pump discharge Q when operating at other, known 

values of n.  For example, Pump #2 is capable of discharging 100,000 gallons per 

minute (Q1) when operating at a speed of 1,210 rpm (n1) (Marston, 2009).  If, as is 

often the case, the speed is turned down to 1,060 rpm (n2), the pump discharges at 

87,600 gallons per minute (Q2) as found using Equation 4.   The specifications for 

each pump are summarized in Table 9. 

 

 

Pump 

# 

Maximum Speed 

(rpm) 

Maximum Discharge 

 (gal/min) 

1 1,530 100,000 

2 1,210 100,000 

3 1,210 65,000 

 

Table 9:  Specifications for each pump at the Bay Island 

Drainage and Levee District pumping station, including 

maximum pump speed (n) and discharge (Q)  

(Marston, 2009). 

 

Once pump discharge is calculated, the total volume of water being pumped 

into Boston Bay can be found by simply multiplying pump discharge by total 

operating time, which can then be converted to mass of nitrate-nitrogen by 

multiplying by the nitrate concentration.  Continuing with this idea, an estimate of 

the total load of nitrate-nitrogen entering Boston Bay from the drainage district is 

easily obtained by summing the product of nitrate concentration, discharge, and 

pump operating time over the duration of time the sensor was deployed in the field 

(Equation 5).   
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Here nitrate concentration ([NO3
-]) is measured in mg/L, maximum discharge (Q) is 

given gallons per minute (gal/min) and time (t) is in minutes.  The fraction (n’/n) 

represents the ratio of the speed at which the pump runs once the engine has been 

turned down as delegated by the pump station engineer (n’) to the maximum pump 

speed (n), both in rpm.  The constant C must be included to account for the 

conversion of the discharge in gal/min to L/min and has a value of 3.785.  The 

resulting expression gives a value for total load of nitrate in milligrams, which can 

easily be converted to pounds or tons.  An example of this calculation can be found 

in the Appendix. 

 

 

3.3 – Analysis and Results 

3.3.1 – Concentration of Nitrate-Nitrogen 

 The data obtained from the nitrate-nitrogen sensor is perhaps most easily 

displayed as a series of plots of nitrate concentration versus time (Figures 15 – 21).  

For the sake of consistency, data collected during the end of October, 2008 and at 

the beginning of June, 2009 were excluded as these did not represent complete data 

sets collected over an entire month of sensor deployment.  Rather, only the data 

collected from November 1, 2008 through May 31, 2009 was reported in this thesis. 

From these figures, one can easily see a correlation between nitrate 

concentration and precipitation events, as indicated by sudden spikes in the data set 

(see December, February, March, April and May).  The abrupt increases in measured 

nitrate concentration during the month of May, 2009 (Figure 21) shows direct 

correspondence with rainfall events occurring in the general vicinity of the nitrate 
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Figure 15: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District 

for the month of November, 2008. 

 

 

 

 

Figure 16: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District 

for the month of December, 2008. 
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Figure 17: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District for 

the month of January, 2009. 

 

 

 

 

Figure 18: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District for 

the month of February, 2009. 
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Figure 19: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District for 

the month of March, 2009. 

 

 

 

 

Figure 20: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District for 

the month of April, 2009. 
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Figure 21: Nitrate-nitrogen concentration of agricultural runoff 

entering Boston Bay via the Bay Island Drainage and Levee District for 

the month of May, 2009. 

 

 

sensor on April 30, May 14 and May 27, 2009 as reported by the BIDLD rain gauge 

(Marston, 2009).  Other research has indicated that fertilizer runoff may quickly 

enter bodies of water following storms and heavy rainfall, greatly increasing 

nutrient concentrations in streams and rivers of the Midwest (Schnoebelen, et al, 

1999; Kalkhoff, et al, 2000; Beecher, et al, 2001).   

It is also evident that measured nitrate concentrations tend to exhibit 

seasonal variations, as evidenced by the upward trends in nitrate concentration 

during the spring season (March/May) as compared with those measured during 

the fall (November).  Agricultural runoff from watersheds of the Midwest typically 

possess larger concentrations of nitrate in the spring as a result of fertilizer 

application and rainfall events, capable of mobilizing large amounts of nitrate to 

drainage networks and streams (Castillo, et al, 2000; Schnoebelen, et al, 2003).  On 

the other hand, reduced nitrate concentrations are generally observed during the 

summer growing season and fall months as plants use nitrogen-based fertilizer 
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while runoff and rainfall amounts decrease (Roberts and Marsh, 1987; Schnoebelen, 

et al, 1999, 2003; Kalkhoff, et al, 2000; Beecher, et al, 2001; James, et al, 2008a).  

Similarly, aquatic vegetation in the form of algae act to process much of the nitrate 

entering rivers and streams during this part of the year, resulting in algal blooms 

and a decrease in measured nitrate concentrations (Isenhart and Crumpton, 1989; 

Sorenson, et al, 1999; Porter, et al, 2000).   

Given that the nitrate monitor was only deployed during the first three days 

of June, 2009 little can be said about observed trends in nitrate concentration of the 

agricultural runoff being pumped into Boston Bay during summer months, other 

than the average nitrate concentration over those three days was 7.794 mg/L, and is 

lower than the average nitrate concentration observed during the spring months 

(March/May).  Averages for each full month that the nitrate sensor was deployed in 

the field were calculated and have been displayed in Table 10, with May exhibiting 

the highest average nitrate concentration, and November experiencing the lowest 

concentration with 10.271 and 2.867 mg/L, respectively.   

 

 

Month Average (mg/L) 

Nov. 2.867 

Dec. 4.028 

Jan. 5.212 

Feb. 6.624 

March 9.181 

April 8.478 

May 10.271 

 

Table 10: Monthly averages of 

nitrate-nitrogen concentration 

observed in the drainage ditch 

upstream from the Bay Island 

Drainage and Levee pump intake. 
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In general, the nitrate concentration of the agricultural runoff entering Boston Bay 

from the neighboring drainage district was observed to be much lower on average 

during late fall and winter when compared to the concentrations measured during 

spring.  The highest measured nitrate concentrations occurred during the spring, 

with a maximum value of 20.738 mg/L being observed on May 1, 2009 following a 

heavy rainfall event on the previous day.  This is over two times the 10 mg/L 

maximum contaminant level (MCL) established by the U.S. Environmental 

Protection Agency for drinking water (1986), and could have detrimental effects to 

humans and livestock (Bruning-Fann and Kaneene, 1993; Knobeloch, et al, 2000; 

Sturgul and Kelling, 2003).  Conversely, the minimum nitrate concentration 

measured during this study was observed on November 3, 2008 with a value of 

1.586 mg/L.   

 

3.3.2 – Total Nitrate-Nitrogen Load 

According to the pumping stations daily maintenance logs, the Bay Island 

Drainage and Levee District pumped over 7,800,000,000 gallons of agricultural 

runoff into Boston Bay during the time period over which nitrate concentrations 

were being monitored.  Additionally, the three pumps operated by the drainage 

district ran for a total of 4,280.5 hours during this study (Marston, 2009).  Carrying 

out the calculation described above (using Equation 5) for the duration of time the 

monitor was deployed in the field while paying close attention to when the pumps 

were in operation one finds that 7.1998 × 1011 mg, or 1,587,267 pounds of nitrate-

nitrogen was pumped into Boston Bay via the neighboring drainage district.   

Dividing this figure by the total acreage of the drainage district (24,000 

acres) a value of 66.136 lbs/acre is obtained.  This seems reasonable as farmers in 

this watershed typically apply nitrogen-based fertilizer at an annual rate of roughly 

100 lb/acre (Marston, 2009).  Clearly this estimate would represent a lower limit, as 
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the nitrate sensor was not deployed for an entire year, and no data exists from early 

June through mid-October.  However, since nitrate concentrations in agricultural 

runoff are typically much lower during this part of the growing season, as 

mentioned earlier, one is justified in assuming that this estimate is within the 

ballpark of the actual value. 

 

3.3.3 – Other Observed Trends 

In addition to monitoring the concentration and estimating the total load of 

nitrate being pumped into Boston Bay other, more subtle, trends in the dataset 

collected during this process were also explored in further detail.  A quick glance at 

Figures 15-21 reveals that the measured concentration of nitrate-nitrogen is heavily 

dependent on the speed at which the flow is moving past the sensor (i.e. whether or 

not the pumps are running).  Figure 22 clearly indicates a strong relationship 

between nitrate concentration and pump operation.  Concentration of nitrate-

nitrogen rapidly decreases immediately after the pumps have been turned on 

(represented with a vertical dotted line) and then gradually begin to increase again 

once the pumps have stopped operating (represented with a vertical dashed line).   

Nitrate-nitrogen concentrations eventually level out until the pumps are 

tuned on again, and the cycle repeats itself.  This trend seems to disagree with work 

done by others who have shown that nitrate concentrations tend to increase with 

increasing flow velocity (Horng-Guang, 1996).   Since no data exists about the speed 

that water flows past the monitor, a relationship between nitrate-nitrogen 

concentration and flow velocity cannot be deduced at this time.  However, it is clear 

that the measured concentration of nitrate-nitrogen is highly sensitive to whether 

or not the pumps are running. 
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Figure 22:  Plot highlighting the sensitivity of measured values of nitrate-nitrogen 

concentration to pump operation for the week of 11/13 - 11/20, 2008.  Dotted lines 

indicate the times that pumps are turned 'On' - dashed lines represent when the 

pumps are turned 'Off.' 
 

 

There is another interesting trend in the data set which occurs only when the 

pumps are not in operation.  A closer look at the plots of nitrate-nitrogen 

concentration versus time (Figures 15-21) indicates that while the pumps are 

turned off, nitrate-nitrogen concentrations tend to slowly decrease with time at a 

relatively constant rate.  As an example, Figures 23 and 24 show that, during the 

month of November, nitrate-nitrogen concentrations decreased at an average rate of 

0.1667 mg L-1 day-1
 during periods when the pumps were not in operation (Table 

11).  November is not a special case, as similar trends are observed each time the 

pumps are turned ‘off.’   This may be a measure of the rate of denitrification (the 

process whereby nitrate is reduced to nitrite and eventually nitrogen gas) by 

microorganisms living just beneath the sediment-water interface as this is where 

significant nitrogen removal is thought to occur (Seitzinger, 1988; Saunders, 2001)  
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Figure 23:  Curves displaying the rate (mgNO3- L-1 D-1) at which nitrate-nitrogen 

concentration decreases with time while the Bay Island Drainage and Levee 

Districts pumps are not operating (11/5 – 11/18).  Here, concentration of 

nitrate-nitrogen (mg/L) is plotted on the y-axis, while the date is plotted along 

the x-axis.  Trendline is dashed. 
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Figure 24:  Curves displaying the rate (mgNO3- L-1 D-1) at which nitrate-nitrogen 

concentration decreases with time while the Bay Island Drainage and Levee 

Districts pumps are not operating (11/19 – 11/29).  Here, concentration of 

nitrate-nitrogen (mg/L) is plotted on the y-axis, while the date is plotted along 

the x-axis.  Trendline is dashed. 
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Date 
Δ[NO3

-]/Δt 

(mg L-1 d-1) 

  
11/5 - 11/6 -0.1928 

11/7 - 11/9 -0.1243 

11/10- 11/11 -0.2395 

11/12 - 11/13 -0.1685 

11/14 - 11/16 -0.1654 

11/17 - 11/18 -0.2039 

11/19 - 11/20 -0.2367 

11/21 - 11/24 -0.1363 

11/24 - 11/25 -0.1471 

11/26 - 11/27 -0.146 

11/28 -0.1626 

11/29 -0.0778 

  
Average -0.1667 

Standard Dev. 0.0464 

 

Table 11:  Rate that nitrate-nitrate 

concentrations change with time 

during periods when pumps at the 

Bay Island Drainage and Levee 

District are not in operation 

(November, 2008). 

 

 

and the monitor is positioned only a few inches above the boundary layer.  Further 

investigation is required to test this hypothesis. 

 

 

3.4 – Discussion 

Unfortunately it was not possible to deploy the nitrate monitor at the Bay 

Island pumping station for an entire year.  However, this exercise reveals many 

valuable applications for monitoring nitrate-nitrogen levels of artificially drained 

farm runoff.  If other drainage districts in the Upper Mississippi River basin adopted 
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similar monitoring practices, identifying those watersheds that would benefit the 

most from best management practices (BMPs) to help reduce nitrate loading would 

be a much easier task.   

The careful targeting of programs to areas of higher pollutant loadings could 

enhance the effectiveness of conservation programs designed to reduce nitrate 

loading to the Mississippi River (and ultimately the Gulf of Mexico) such as the 

Conservation Reserve Program (CRP) and the Wetlands Reserve Program (WRP) 

(CENR, 2000; Mississippi/River Gulf of Mexico Watershed Nutrient Task Force, 

2001; Landers, 2008, National Resources Conservation Service, 2009). Targeting 

USDA conservation programs to areas of higher nutrient and sediment loadings can 

lead to BMPs for control of runoff containing sediment and nutrients being 

implemented on lands that are the primary sources of nonpoint pollutants and 

major contributors to the hypoxic conditions existing in the Gulf of Mexico (CENR, 

2000; National Research Council, 2008). 

As mentioned above, agricultural runoff is grouped into the category of non-

point source pollution because the potential pollutants originate over large, diffuse 

areas and the exact point of entry into water bodies cannot be precisely identified.  

Non-point sources of pollution are particularly problematic in that it is difficult to 

capture and treat the polluted water before it enters a stream (Smith, et al., 2003).  

Treatment of such nonpoint source pollution is made even more difficult when one 

takes into account the fact that nitrate levels in agricultural runoff are not regulated 

by the Federal Water Pollution Control Act, popularly referred to as the Clean Water 

Act (1972) (Landers, 2008).  This is especially troubling when viewed in the context 

of Gulf hypoxia as recent estimates claim that 78 percent of the nitrate-nitrogen 

entering the Gulf of Mexico comes in the form of agricultural, nonpoint, pollution 

(Landers, 2008; Mississippi River/Gulf of Mexico Watershed Nutrient Task Force, 

2008). 
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The Bay Island Drainage and Levee District, and the runoff it discharges into 

Boston Bay, presents a unique opportunity to effectively treat nonpoint pollution 

before entering the Mississippi River.  While most agricultural runoff enters streams 

and rivers over large, diffuse areas, the runoff being discharged into Boston Bay 

from the drainage district enters through one single location via three large pipes 

(Marston, 2009).  That being said, the drainage district and its pumping station 

could technically be viewed as a ‘point’ source polluter, and could be addressed 

using traditional ‘end-of-pipe’ treatment methods.  Strategically placed treatment 

wetlands like those described by Mitsch (2005, 2006) might be a practical solution 

to help reduce concentrations of nitrate-nitrogen in the waters of Boston Bay before 

they join the flows of the Mississippi River, ultimately contributing to the larger 

issue of Gulf Hypoxia. 

The data set obtained during this study will undoubtedly provide LL&W and 

other interested parties with vital information, should they choose to explore 

options to improve the water quality of Boston Bay in the future.   
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CHAPTER 4 – BATHYMETRIC MAPPING 

 

4.1 – Backgound  

Restoration efforts which involve dredging should include in their planning 

and design process a detailed analysis of the physical, chemical, biological and 

geological properties of the proposed site location (Herbich, 1992; Bray, 2008).  It is 

equally important to incorporate bathymetric surveying of the study area into the 

early phases of the project (USACE, 1998; Bray, 2008).  Given the fact that many 

dredging activities involve contract payments based on a cost-per-unit-volume of 

sediment removed, an accurate understanding of the existing bathymetry of the 

project area is vital to properly determining payment for services rendered 

(Herbich, 1992; USACE, 1998).   Such surveys are also commonly conducted during 

and after dredging projects to monitor progress, and supplement final contract 

acceptance (USACE, 1998) 

Dredging activity will undoubtedly lead to alterations of the flow conditions 

in the project area resulting from the reshaping of the existing bathymetry (Herbich, 

1992).  These changes in flow may have an effect on sedimentation patterns which 

will, in turn, impact the bathymetry once again.  This cycle of physical changes can 

only occur following the initial perturbation of the existing bathymetry (Bray, 

2008).  Again, surveying should be performed both before and after dredging takes 

place to accurately analyze the resulting environmental effects which depend 

heavily on the conditions of the study area prior to the start of the project (Gayman, 

1978; Herbich, 1992; Smith, 1995; USACE, 1998; Bray, 2008; Sarretta, et al, 2009). 

 Preliminary bathymetric mapping is also helpful in assisting with other 

comparative studies used to determine sedimentation and erosion rates (Foyle and 

Norton, 2006; Smith, et al, 2007; Linhart and Lund, 2008), designing hydrodynamic 

models (Maa, et al, 2001; Wagner and Mueller, 2001; Huizinga, 2008), long-term 
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monitoring of offshore dredged material disposal facilities (Holcombe, et al, 1997; 

Fredette and French, 2004; Lepland, et al, 2009) and developing relationships 

between water level (stage), area and volume for wetlands, lakes and reservoirs 

(Haag, et al, 2005; Wilson and Richards, 2006).  Surveys conducted to assist with 

such efforts provide a collection of baseline data against which future work can be 

compared (Sherwood, et al, 1990; DeWitt, et al, 2007; Linhart and Lund, 2008). 

 In a similar effort, the initial analysis conducted in response to the proposed 

restoration of Boston Bay included a detailed study of the physical and chemical 

properties of the study area, as well as a survey to determine the existing 

bathymetry of the bay.  The results of the survey will be used in the design stages of 

the planned dredging activity as well as help with the construction of a numerical 

model capable of simulating the planned restoration.   Data collected during the 

survey will serve as the baseline that future studies of Boston Bay will be compared 

against when determining sedimentation and erosion rates, developing 

relationships between stage and volume, or assessing contract payment.    

 

 

4.2 – Methods  

4.2.1 - Data Collection 

 The bathymetric survey of Boston Bay was conducted over a two day period 

on March 30 and 31, 2009 by IIHR research staff and engineers.  Bathymetric data 

were collected over all navigable areas of the bay through the use of a survey-grade, 

single-beam fathometer for water-depth data, while a real-time kinetic global 

positioning system (RTK GPS) was used to collect corresponding horizontal position 

and elevation data.  Survey transects were spaced roughly 150 ft apart, with higher 

density data collection occurring in areas of greater interest.  The data sets were 
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then integrated using a hydrographic surveying software package and used to create 

a bathymetric surface of the study area.  

Measurements of elevation taken during this survey are referenced to a 

temporary benchmark located on the northeast corner of the handicapped boat 

ramp at New Boston, Illinois with an elevation of 547.146 ft, mean sea-level datum 

of 1912 (MSL 1912), measured using differential GPS survey techniques.  This was 

done to compensate for the fact that no benchmarks with known elevation exist 

within close proximity to the study area. 

Water-depth data were collected by employing an Odom Hydrotrac HT100 

single-beam echo sounder with a 200 kilohertz (kHz) transducer, capable of 

reporting depth measurements with an accuracy of +/- 0.4 inches according to 

manufacturer specifications (Odom Hydrographic Systems, 2007).  Such a device 

determines water depth by measuring the elapsed time an acoustic pulse takes to 

travel from the bottom of the transducer to the bed material and back (Kress, et al, 

2005; Wilson and Richards, 2006). 

Travel time (t) for an acoustic pulse depends on the speed of sound in water 

(v) and the distance (D) between the face of the transducer and the bed material.  

After some rearrangement this relationship can be expressed as follows: 

 

^ 7 1/26]               (6) 

 

The distance (D) in Equation 6 corresponds to the measured water depth and, when 

added to the known distance between the water surface and the face of the 

transducer, the overall water depth is determined. 

                   The echo-sound equipment was mounted to hang over the port (left)  side 

of the survey vessel; an 18 ft, tunnel-hull, Polar Kraft equipped with a 60 

horsepower, Mercury, four-stroke engine.  The boat typically traveled at a speed of 
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three to five miles per hour, with the echo-sounder emitting five acoustic pulses 

every second. The resulting water-depth data set consisted of a high density of 

points (1 ft spacing) along survey lines, with larger gaps (150 ft) between survey 

cross sections (Figure 25).  

Horizontal and vertical coordinates of the water-depth data collected with 

the echo-sounder were determined using RTK GPS techniques achieved using a 

Trimble R8 global navigation satellite system (GNSS).  This equipment consists of a 

base station set up over the temporary benchmark described above and a mobile 

rover unit mounted on an antenna positioned directly above the echo-sounder, 

capable of measuring horizontal and vertical position with centimeter accuracy 

(Trimble Navigation Limited, 2009).   Position corrections are sent from the base 

station to the mobile unit correcting for errors induced by satellite-clock errors and 

atmospheric delays (Conaway and Moran, 2004; Hornewer and Flynn, 2008). 

The data sets from the echo-sounder and the RTK GPS survey equipment 

were streamed in real-time to a laptop computer stored onboard the survey vessel 

containing the hydrographic surveying software package Hypack 2008.  This 

software integrates the data streams from the various components into a single data 

file, with each device referenced by a unique identification code and the data time-

stamped to the nearest millisecond (DeWitt, et al, 2007).  The water-depth values 

are easily converted to bed elevations by subtracting from the measured elevation 

of the RTK GPS antenna the sum of the known distance from the antenna to the 

transducer and the measured depth.  The resulting data were exported from Hypack 

as an x, y, z (latitude, longitude, elevation) scatter set consisting of 181,974 data 

points with the elevation values referenced to MSL 1912 and the horizontal position 

referenced to the North American Datum of 1983 (NAD 83). These data were then 

imported into a geographic information system (GIS) database for further analysis.   
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Figure 25:  Bathymetric survey data (red/yellow) collected along transects spaced 
roughly 150 ft apart (A).  In areas of higher interest, including 'Bell's Pocket,' 
transects were spaced much more closely (B).  Individual data points were 
separated by 0.90 ft depending on the boat speed and echo-sound frequency (C).
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4.2.2 – Data Processing  

Raw, geo-referenced bathymetry data are edited to remove any spurious 

data including points that are much higher or lower than nearby points, errors 

resulting from boat pitch and roll, or data points that may have been affected by 

submerged vegetation or objects that obstruct the bed material from the transducer.  

This is most easily achieved by displaying transect data plots of bed elevation as a 

function of distance along a given transect (White and Hodges, 2005; White, et al, 

2006; Furnans and Austin, 2008; Mastin and Fosness, 2009).  Points that are 

obviously in error are removed from the data set (Figure 26). 

 The edited scatter set is then displayed in a GIS with an aerial photo of 

the study area to help define the survey boundary.  Delineation of the boundary was 

performed using Aquaveo’s, Surface Water Modeling System (SMS) resulting in a 

polygon shapefile of the extent of the bathymetry survey.   This extent polygon was 

then converted to a two-dimensional hybrid mesh consisting of 49,493 nodes and 

85,543 elements.  The elevation (z) values from the scatter set are interpolated to 

the mesh using inverse distance weighting, creating a three-dimensional surface of 

the bed of Boston Bay.  Further discussion of the details of mesh generation can be 

found in the following chapter regarding construction of the numerical model. 

Elevation and horizontal position data from the center of each mesh element 

are exported into Environmental Systems Research Institute’s (ESRI) ArcGIS, a 

collection of GIS software packages that allows data editing and attribution, review 

and display of data, generation of interpolated data and map creation (Wilson and 

Richards, 2006; ESRI, 2009).  These data were used to create a triangular irregular 

network model (TIN) of Boston Bay using the 3D Analyst tool in ArcGIS.  A TIN is a 

collection of triangular elements generated using the data points as the corners 

forming a continuous, faceted surface much like a jewel (Wilson and Richards, 

2006).  
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A. Raw bathymetry data. 

 

 

 
B. Edited bathymetry data with spurious points removed. 

 

 

Figure 26: Raw bathymetric survey data (A) can be easily 

edited and erroneous data points removed (B) by plotting 

transect data with bed elevation on the y-axis and longitude 

(Easting) on the x-axis. 
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If raw bathymetric data are used for this process, the TIN surfaces are 

created from many long, skinny triangles between transect data points.  While 

surfaces generated with these types of triangles are not ideal, the method of data 

collection forces the creation of such triangles (Wilson and Richards, 2006).  

However, the intermediate step involving the formation of a hybrid mesh and the 

generation of a secondary scatter set consisting of points from the center of each 

mesh element results in a much better coverage of data points, and could help to 

eliminate the potential errors which may be caused by TIN surface generation using 

long triangles (Figure 27).  The TIN surface is then converted to a raster data set and 

contoured using a 2 ft contour interval with the Spatial Analyst tool package in 

ArcGIS.  

 

 

4.3 – Analysis and Results 

The resulting contoured surfaces are layered over a digital orthophoto 

quadrangle (DOQ) of the region surrounding the survey area and displayed as a 

series of bathymetric maps of Boston Bay (Figures 28 – 33).  Close inspection of 

these figures reveals that Boston Bay exhibits little topographic relief, with much of 

the project area lying in a range of elevations between 530 and 532 ft above sea 

level, and an average elevation of 531.903 ft.   The lowest point of elevation within 

the boundaries of the survey is 507.067 ft and is found in the pond where the pipes 

from the Bay Island Drainage and Levee District discharge into Boston Bay (Figure 

31).  The highest elevation measured during the survey had a value of 539.974 feet 

and also located near the discharge pond.   

  ‘Bells Pocket,’ a popular location for recreational fishing shows significant 

changes in topography relative to the rest of the study area, with the deepest 

portions existing in a range of elevations from 508 and 510 ft above sea level (MSL)  
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Figure 27:  Raw bathymetric data is used to generate  a triangular irregular network 
(TIN) of 'Bell's Pocket' made out of long, skinny triangles (A).  Processsed data points 
corresponding to the center of each element from the mesh created from the 
bathymetry data results in a TIN with much smaller triangles (B) and may help 
eliminate associated errors.
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Figure 28:  Bathymetry for upstream reach of Boston Bay.
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Figure 29:  Bathymetry for northwest reach of Boston Bay.
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Figure 30:  Bathymetry for northeast reach of Boston Bay.
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Figure 31:  Bathymetry for southwest reach of Boston Bay.
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Figure 32:  Bathymetry for southeast reach of Boston Bay.
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Figure 33:  Bathymetry for downstream reach of Boston Bay.
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(Figure 29).  Knowing this ahead of time, survey data points were collected at a 

much higher density in this area, when compared to the 150 ft spacing between 

transects employed throughout the rest of the project area (Figure 25).  It is thought 

that bathymetric maps generated from closely spaced transects of data points are 

more accurate than those created using a lower density of survey data, which tend 

to lose information about the topography of the study area (Haag, et al., 2005).  The 

Bells Pocket region owes its topographic diversity to the removal of material from 

the area to assist with the construction of the adjacent levee in the 1960’s (Marston, 

2009), as shown by a comparison of the aerial photos displayed in Figure 5.   

 

 

4.4 – Discussion 

While bathymetric data from a survey of Boston Bay conducted by the USACE 

in August of 2008 exists, differences in data collection techniques limits comparison 

of the results from the two surveys to qualitatively studies only (Rogala, 2009).    

The two studies both reveal that the Boston Bay study area is generally flat, with 

little topographic relief.  Both surveys show that the deepest regions of Boston Bay 

exist in the Bells Pocket region and in the drainage districts discharge pond.  

Quantitative comparison of the two surveys could shed light on the sedimentation 

patterns that exist in the study area.  

It should also be mentioned that prior to the survey conducted in March of 

2009, IIHR staff also attempted to perform a bathymetric survey of Boston Bay in 

August, 2008.  Unfortunately, the low flow conditions that exist in the study area 

during the summer months placed serious limitations on where the survey vessel 

was able to navigate during this study.  Water depths became so low that the echo-

sound equipment became buried in the bed material, and the boat ran aground on 

several occasions.   Given that the echo-sound equipment is only accurate in depths 
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greater than 19 inches (Odom Hydrographic Systems, 2007) the quality of the data 

collected during this study should be called in to question.  However, a comparison 

of the extent of the two surveys conducted by IIHR sheds significant light on the 

extreme changes in water surface elevation existing in the Boston Bay study area 

throughout the course of a year. 

While such comparative studies may be of some use, the real value of the 

data collected during this survey will be measured when interested parties use 

these results to assist in determining the amount of sediment that will need to be 

dredged in order to meet project objectives, and calculate the associated costs.  

Likewise, the data collected during this study will be used to aid in the construction 

of a numerical model of Boston Bay that is able to simulate the proposed dredging, 

the details of which are discussed in greater depth in the following chapter.   
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CHAPTER 5 – TWO-DIMENSIONAL 

HYDRODYNAMIC MODEL 

 

 

5.1 – Background  

It has been shown that numerical modeling can be an effective tool when 

predicting ecological response to varying hydrologic conditions and physical 

changes while also providing guidance for riverine and estuarine restoration 

projects (Roman, et al., 1995; Boumans, et al., 2002; Silvestri et al., 2005; Yang, et al, 

2009).  Traditionally, one-dimensional (1D) hydraulic modeling has been the most 

accepted approach when simulating fluvial systems (Huizinga, 2007; Tayefi, et al, 

2007).  Unfortunately such models are incapable of reproducing the hydrodynamic 

characteristics required to fully understand different river phenomenon which are 

generally two-dimensional (2D) and often-times three-dimensional (3D) in nature 

(Crowder and Diplas, 2000; Wagner, 2007).   

One-dimensional hydrodynamic models are limited in several ways including 

their ability to fully represent the detailed bathymetry affecting river processes, 

accurately depict extreme flooding events and simulate complex systems such as 

braided streams and rivers (Merwade, et al, 2008).  In an attempt to better 

understand riverine environments, researchers have begun replacing traditional 1D 

modeling methods with 2D and 3D hydrodynamic models (Leclerc, et al, 1995; Bates 

and De Roo, 2000; Martini, et al, 2004; Carrivick, 2006; Crowder and Diplas, 2006; 

Dutta, et al, 2007). 

Until recently the use and development of 2D models required extensive field 

data collection, significant computer resources and increased man-power when 

compared with traditional 1D methods. Readily available high-resolution 

topographic data, the growing use of graphical user interfaces for 2D modeling 

software, and continued improvements in computer hardware have resulted in 
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major advances in the applicability of 2D models to practical problems (Huizinga, 

2007; Merwade, et al, 2008).  Given the recent growth in the field, 2D modeling is 

now commonly used to assist with various efforts which include, but are not limited 

to, flood inundation mapping (Dutta, et al, 2007; Tayefi, et al, 2007; Musser, 2008), 

analysis of flow conditions near intake structures (Holtschlag and Koschik, 2001; 

Shelton, 2009), determining habitat suitability characteristics (Crowder and Diplas, 

2000; Wagner, 2003), studying the impact of scour on bridge piers (Huizinga, 2007; 

Wagner, 2007; Brabets and Conaway, 2009), development of sediment budgets 

(McDonald, et al, 2005) and providing guidance for environmental restoration 

efforts (Cavagnero and Revelli, 2009; Yang, et al, 2009). 

To help gain a better understanding of how the proposed restoration of 

Boston Bay would influence the existing hydrologic conditions, SHR-W, the 2D 

hydraulic model designed by the Sediment and River Hydraulics group at the U.S. 

Bureau of Reclamation, along with Aquaveo’s Surface Water Modeling System (SMS) 

were used to construct a model of the Boston Bay study area capable of simulating 

the prescribed dredging activity and the associated environmental impacts.   

Field data collection including the bathymetric survey described in the 

previous chapter as well as discharge measurements from upstream inlets, readings 

of water-surface elevation at the downstream outlet and values of Manning’s 

roughness (n) for the different regions of Boston Bay are required to sufficiently 

generate a simplified surface of the study area, define boundary conditions and 

calibrate a 2D hydrodynamic model (Wagner, 2007; Thompson, et al, 2008; Brabets 

and Conaway, 2009).  Several different scenarios involving various combinations of 

inlet discharge, outlet water-surface elevation and Manning’s roughness were 

modeled in an attempt to re-create the full range of flow conditions that exist 

throughout Boston Bay over the course of a year.  The resulting output files from 

each simulation are edited and displayed using a GIS for comparison of the results.  
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Special attention was paid to how flow conditions in the vicinity of the proposed 

dredging locations and near ‘Bells Pocket,’ the deepest region of the study area, 

would change in response to the proposed restoration.   

 

 

5.2 – Methods   

5.2.1 – Data Collection 

As mentioned above, successfully generating a 2D model of the 

hydrodynamic properties of Boston Bay requires collection of elevation data 

through a bathymetric survey, as outlined in the previous chapter.  This data defines 

the topography for the simulation solution and availability of such data is essential 

to developing reliable hydraulic models (Wagner, 2007).  In addition to elevation 

data, boundary conditions for the model including water-surface elevation at the 

outlet of Boston Bay and discharge into the study area from Eliza Creek and the Bay 

Island pumping station need to be defined through field data collection.   

 

5.2.1.1 – Discharge from Eliza Creek 

Eliza Creek empties into Boston Bay from the north and serves as the main 

drainage outlet for a watershed of roughly 37 square miles (USGS, 2009) (Figure 4).  

Like many small streams in the upper Midwest, the flow conditions of Eliza Creek 

are not continuously monitored.  In order to accurately define the discharge of Eliza 

Creek into the bay as a boundary condition, flow measurements were taken using 

Teledyne RDI’s StreamPro ADCP, capable of determining the velocity and discharge 

of shallow, slow-moving bodies of water (Teledyne RD Instruments, 2006).   

Twelve transects of Eliza Creek were taken on June 3, 2009 with the ADCP 

and averaged using Teledyne RDI’s WinRiver software to give the best possible 

value of stream discharge.  Transects which resulted in discharge values not within 
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5% of mean value were discarded, as described by Herschey (2009), in order to 

arrive at an acceptable discharge measurement.   The results indicate that on the 

day measurements were taken, Eliza Creek had a discharge of 33.65 ft3/sec.  It is 

assumed that this value is representative of low-flow conditions in Eliza Creek, as 

flows on that day were well below bank-full and data was gathered after a long 

period with little rainfall.  Data collection at Eliza Creek was limited to one day thus 

requiring average- and high-flow conditions to be estimated, as will be discussed in 

greater detail below. 

 

5.2.1.2 – Discharge from Bay Island Pumping Station 

 As described in earlier sections, detailed operation and maintenance log 

sheets are available from the Bay Island Drainage and Levee District and indicate 

when the pumps are turned ‘On’ and ‘Off,’ along with the speed at which each pump 

is operating.  Given the maximum discharge a pump is capable of producing, and at 

what speed, one can easily determine pump discharge at other speeds using the 

pump affinity law (Equation 4). 

 

5.2.1.3 – Water-Surface Elevation at Outlet 

Measurements of the water-surface elevation at the outlet of Boston Bay 

were not taken concurrently with data collected at Eliza Creek and the pumping 

station, requiring that the value of this boundary condition be estimated.  Lock and 

Dam #17, located four miles upstream from the outlet of Boston Bay (Figure 1) 

continuously monitors pool level, and stage elevation which is typically kept 

between 530 and 540 ft above sea level (MSL 1912) with the exception of extreme 

flooding events like those which occurred in 1993 and 2008 (USACE, 2009).  

Similarly, the pool level at Lock and Dam #18, 22 miles downstream from the study 

area, is generally maintained at an elevation of 528 ft above sea level (MSL 1912), 
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allowing for the range of water-surface elevation values near the outlet of the bay to 

be easily estimated. 

 

5.2.2 – Data Processing 

5.2.2.1 – Mesh Generation 

After sufficient collection of field data, the next step in the numerical 

modeling process consists of developing a description of the continuous and 

irregular geometry of the Boston Bay study area in order to simplify the calculations 

of hydrodynamic quantities.  This representation, known as a ‘finite element 

network’ or ‘mesh,’ is a surface consisting of a collection of contiguous elements 

which are typically quadrilateral or triangular in shape (Conaway and Moran, 2004; 

Musser, 2008; Cavagnero and Ravelli, 2009).   

Creating a continuous surface involves interpolating point measurements or 

linear cross-sections using GIS interpolation techniques to a conceptual model 

describing the geometry and boundaries of the study area developed within the 

‘Map’ module in SMS using feature objects (Holtschlag and Koschik, 2001; Merwade, 

et al, 2008).  Nodes and arcs form polygons which and are used to delineate the 

domain of the study area with the assistance of digital orthophotography, and the 

data collected during the aforementioned bathymetric survey. 

Polygons are assigned a material type defined by a value of Manning’s n, a 

unitless parameter describing the roughness of the river channel or floodplain 

material (Jain, 2001).  Tables like those published by the U.S. Geological Survey 

(Barnes, 1967) list values of n for different material types and land cover.  After 

further review of aerial photographs and observations made during field visits, it 

was decided that the polygons defining the densely vegetated islands would be 

assigned an n value of 0.20, while the remainder of the study area would be given a 

value of 0.08.  Simulations of flow conditions after the proposed restoration 
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required that those locations where dredging occurred be assigned an n value of 

0.03 (Figure 34). 

Once the study area is properly delineated and roughness values assigned to 

all of the polygons, the conceptual model is converted a finite element mesh using 

the ‘Map to 2D Mesh’ command in the ‘Map’ module of SMS.  The hybrid mesh, 

containing a combination of quadrilateral and triangular elements, was chosen as it 

achieves the best compromise between computing demand, and solution accuracy 

(Lai, 2008).  The individual mesh elements provide a location where the 2D, depth-

averaged dynamic wave equations (St. Venant equations) can be defined.  For this 

study, the typical triangular element comprising the majority of the mesh is on the 

order of 20 feet per side, resulting in an area of 86 ft2.  This value is dependent upon 

location within the study area as certain regions of interest, including the locations 

where the proposed dredging and berm construction will occur required a more 

detailed mesh, with triangular elements of only 22 ft2 in area (Figure 35). 

Data gathered during the bathymetric survey was imported into SMS as a xyz 

scatter set and interpolated to the hybrid mesh using inverse distance weighting 

(IDW).  Node-strings are created in the ‘Mesh’ module of SMS, each one 

corresponding to a boundary segment of the finite element mesh.  In addition, node-

strings provide a location where boundary conditions are applied, representing inlet 

discharges and outlet water surface elevations.   

The resulting mesh consisted of 73,622 triangular elements, 11,921 

quadrilateral elements, and 49,433 nodes.  The maximum and minimum elevation 

values contained within the mesh are 539.92 and 508.84 ft, respectively.  To 

simulate the proposed dredging of the study area, the mesh generated using the 

existing bathymetry was altered to reflect the dredging activity prescribed by Living 

Lands & Waters (Figure 36).     This  was  easily  achieved  by  selecting  mesh  nodes  
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Figure 34: Material types and corresponding values of Manning's roughness 
coefficient (n) for different regions of the Boston Bay study area.
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Figure 35: Portion of finite element mesh used to simplify the irregular bathymetry 
and geometry of the Boston Bay study area.  Inest map shows area of higher density 
mesh in the location of proposed dredging and berm construction.
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Pre-Dredge Post-Dredge

Figure 36: Screenshots from Aquaveo's Surface Modeling Software (SMS) displaying 
different views of the mesh generated using the existing bathymetry on the left 
(Pre-Dredge) and the mesh used to describe the study area after the proposed 
dredging, on the right (Post-Dredge).
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contained within the assigned dredging location, and changing the elevation values 

(z) to mimic what the bathymetry would look like after dredging has occurred.  It 

should be mentioned that unlike Figure 35 which features a portion of the mesh in a 

two-dimensional plan view, the screenshots from SMS shown in Figure 36 display 

the mesh at an angle which helps to highlight the three-dimensional nature of the 

study area and emphasizes the changes to the existing topography resulting from 

the proposed dredging and berm construction.   The final mesh generated from the 

existing bathymetry will be used for the ‘Pre-Dredge’ numerical simulations, while 

the mesh altered to mimic the proposed restoration will help simulate the ‘Post-

Dredge’ scenarios as will be discussed in further detail below. 

 

5.2.2.2 – Boundary Conditions and  

Simulation Scenarios  

 As mentioned earlier, several different scenarios were simulated in an 

attempt to cover the full range of flow conditions that exist in Boston Bay 

throughout the course of a year.  However, before these scenarios could be properly 

defined, values for boundary conditions that were not directly measured in the field 

need to be estimated.  As previously mentioned, the discharge measurement 

collected at Eliza Creek on June 3, 2009 was representative of a low-flow scenario.  

Discharge values that represent average- and high- flow boundary conditions need 

to be assumed and were given values of 66 and 100 ft3/sec, respectively.  This 

assumption is based on a comparison of photographs taken at the location where 

discharge data was collected with photos taken at the same location on March 16, 

2009.  During periods of high flow, the banks of Eliza Creek are easily breached as 

evidenced by the flattened appearance of bank vegetation and ponding of water 

several feet from the banks of the creek (Figure 37).   
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Figure 37:  Photos taken of Eliza Creek upstream from the Bay Island Road Bridge 

taken on March 16, 2009 (left) and June 3, 2009 (right).  Ponding of water several 

meters from the banks of the creek indicate that the creek is easily breached during 

high flows. 

 

 The boundary condition represented by the discharge from the Bay Island 

pumping station was assigned values of 200, 450 and 590 ft3/sec for the low-, 

medium- and high-flow scenarios.  Low-flow conditions result when pump #2 

operates at 90% capacity and discharges 200 ft3/sec, while pumps #1 and #3 are 

not in operation.  Average flows, which are modeled with a discharge of 450 ft3/sec 

occur when pump #1 and #2 are running at full capacity, while pump #3 is turned 

‘Off.’  High-flow conditions are achieved when all three pumps run at full capacity 

resulting in a discharge of 590 ft3/sec (Marston, 2009).   

 Finally, values of water-surface elevation at the outlet of the study area also 

needed to be estimated to define the downstream boundary condition.  Given the 

range of measured stage elevations at Lock and Dam #17 (530 ft – 540 ft) it was 

decided that low-flow scenarios would be modeled using a value of 530 ft for the 

downstream outlet, while average- and high-flow scenarios were assigned water-

surface elevation values of 535 and 540 ft, respectively.  These values are 
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appropriate and correspond closely with the values of water-surface elevation 

measured during the two bathymetric surveys conducted by IIHR.  During the 

August, 2008 survey a water surface elevation of 531 ft was measured near the 

outlet of Boston Bay whereas the survey conducted during high flows in March of 

2009 reported the water surface elevation at the same location to be 542 ft.    

 Each of these scenarios were simulated twice; once using the mesh generated 

from the existing topography of the study area (‘Pre-Dredge’), and again using the 

mesh that had been altered to reflect the proposed dredging (‘Post-Dredge’).  The 

various simulation scenarios have been summarized in Table 10.   

 

 

Flow Scenario 

Eliza Creek 

discharge 

(ft3/s) 

Pump station 

discharge 

(ft3/s) 

 Water-

surface 

elevation 

(ft) 

 
  

 
Low 33 200 530 

Medium 66 450 535 

High 100 590 540 

 
  

 
 

Table 12:  Summary of flow scenarios and their  

corresponding boundary condition values. 

 

 

 5.2.2.3 – Main Solver Execution  

 Once the mesh has been generated and boundary conditions determined the 

preprocessor is used to generate the input file used to run the simulation.  SRH-W 

contains a built-in preprocessor which comes in the form of a text-based user 

interface that assists in setting up the simulation parameters including boundary 

conditions, material types, number of time steps, output format and simulation 
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duration and is designed so that the user is not required to memorize input 

commands, or lines of code (Lai, 2006).  Following preprocessor execution, a data 

file is produced which serves as the input for the main solver.  

 The input file is read into the main solver which applies the depth-averaged, 

2D wave equations to each element contained within the mesh.  As is the case with 

many open-channel environments, flows in Boston Bay are slow and shallow, with 

negligible vertical motions.  Therefore the most general flow equations (Navier-

Stokes) can be vertically averaged to obtain the set of depth-averaged two 

dimensional equations (Lai, 2006), resulting in the 2D St. Venant equations 

 

`a
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b

`ac
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b

`ae
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7 g                     ;7@ 
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q b ^kj b ^kk                        ;9@    

 

Here, h is the water depth, g is acceleration due to gravity, t is time, and x and y are 

the horizontal Cartesian coordinates.  U and V are the depth-averaged velocity 

components in the x and y direction respectively, e is excess rainfall rate, Txx , Txy and 

Tyy are depth-averaged turbulent stresses, Dxx, Dxy, Dyx and Dyy are dispersion due to 

depth averaging.  zb is bed elevation, and z = zb+h is the water surface elevation.  

Water density is represented by ρ.  The bed shear stress, τbx, τby are calculated using 

Mannings’ roughness equation 
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Where n is Manning’s roughness coefficient.  This set of equations is solved during 

each time step of the simulation at the center of each mesh element (Lai, 2006).   

 

 

5.3 – Analysis and Results 

5.3.1 – Model Output 

 Traditionally, 2D modeling efforts have employed a method of calibration 

where values of roughness coefficient (n) are adjusted through an iterative process 

so that model results closely match measured values of water-surface elevation and 

velocity (Conaway and Moran, 2004; Huizinga, 2008).  However it has been shown 

that such methods can oftentimes result in nonsensical n values which may act to 

obscure larger-scale flow patterns (Crowder and Diplas, 2000).  This, taken with the 

lack of available water-surface and velocity data against which model results could 

be compared led to the decision to forego model calibration altogether.   

During model development it was decided that it would be sufficient to 

assign appropriate roughness coefficients to the study area consistent with regions 

with dense willows (n = 0.20), sluggish reaches with some weeds and deep pools 

which dominate the study area (n = 0.08) and clean, recently completed dredged 

channels (n = 0.03) (Figure 34) (Mays, 2005).  After changes were made to the 

model of existing conditions to reflect the proposed dredging and berm 

construction, the resulting model output was used to assess how such features 

influence the flow conditions of Boston Bay.   Given the fact that 80% of the ability to 

accurately construct 2D hydrodynamic models lies in the use of appropriate 

bathymetry, quality mesh design and properly defined boundary conditions (USACE, 
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1996), the model results should be representative of how the study area (and other, 

similar areas) would react to the proposed changes to the existing topography. 

 The resulting output files from the main simulation solver provide 

information about flow velocity, water surface elevation, water depth, Froude 

number, and bed shear-stress at the center of each mesh element.  Output files are 

easily displayed as xyz scatter sets in SMS or ArcGIS (Figure 38 - 42).  For this 

particular study, attention was focused on how water depth would change as a 

result of the proposed dredging, especially in the deepest region of the study area, 

‘Bells Pocket’ (Figure 38).  Initial results indicate that the water depth in this portion 

of the bay during low-flow conditions would drop by just over 1 ft following the 

proposed restoration, decreasing from 26.195 ft to 25.165 ft (Figure 38 a and d).  

Other portions of the study area also appear to experience a change in depth, given 

that a noticeably smaller portion of Boston Bay appears to be inundated once the 

dredging has been completed.   

During average-flow scenarios, it also appears that a smaller portion of the 

study area is inundated following dredging and berm construction, with total area of 

inundation decreasing by 65 acres.  In particular, the region behind the constructed 

berm would appear to provide additional habitat for hardwood tree species.  The 

areas that remain inundated exhibit generally higher water depths throughout.  Like 

the low-flow simulations, water depths in the vicinity of ‘Bells Pocket’ decrease from 

27.561 ft to 26.900 ft following the proposed dredging of the study area (Figure 38 b 

and e).  It is unsure how much can be learned from the results of the high-flow 

scenarios due to the lack of topographic data in the region just west of the study 

area which is commonly inundated with water during high flows (Figure 3) and it is 

therefore assumed that the resulting water-depth values are overestimated (Figure 

38 c and f). 
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Figure 38: Resulting output from SRH-W main solver displaying values of water 
depth (measured in feet) for different flow scenarios (High, Medium, Low) simulated 
with the mesh created from the existing bathymetry (Pre-Dredge) and the mesh 
representative of the study area following the proposed dredging (Post-Dredge).

a. b. c.

d. e. f.
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 In addition to reporting values of water depth, the numerical model is also 

capable of solving for other parameters of interest including velocity magnitude 

(Figure 39), water-surface elevation (Figure 40), bed shear-stress (Figure 41) and 

Froude number (Figure 42). Close observation of Figure 39 reveals that flow 

velocity is highest near the inlet where the BIDLD discharges into the study area as 

well as the downstream outlet where Boston Bay merges with the main channel of 

the Mississippi River.  These heightened values may be the result of the models 

difficulty in accurately simulating the flows coming from the BIDLD pumping station 

as well as its inability to account for over-bank flows.  During low-flow conditions it 

appears that following restoration the flow velocity in the vicinity of the dredged 

channels increases as compared with the current flow conditions (Figure 39 a and 

d).   

 Figure 40 displays simulated values of water-surface elevation for the 

various flow scenarios modeled during this study.  One’s attention is immediately 

drawn to the significant increase in water-surface elevation that occurs between the 

downstream outlet and the upstream inlet of the BIDLD during low-flows under the 

current conditions (Figure 40a).  According to the results of the model, water-

surface elevation increases from just over 531 ft at the downstream outlet to just 

over 535 ft at the BIDLD inlet over a distance of roughly 1 mile.  This seems 

unrealistic and may be due to limitations in the models ability to simulate flows 

coming from the BIDLD and insufficient topographic data necessary to completely 

describe the study area.  Rapid changes in water-surface elevation near the BIDLD 

inlet during high flows following the proposed dredging (Figure 40f) may be 

indicative of hydraulic jumps or other rapidly-varied flow conditions existing in the 

study area. 
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Figure 39: Resulting output from SRH-W main solver displaying flow velocity 
magnitude (measured in feet/second) for different flow scenarios (High, Medium, 
Low) simulated with the mesh created from the existing bathymetry (Pre-Dredge) 
and the mesh representative of the study area following the proposed dredging 
(Post-Dredge).
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Figure 40: Resulting output from SRH-W main solver displaying values of water-
surface elevation (measured in feet above MSL 1912) for different flow scenarios 
(High, Medium, Low) simulated with the mesh created from the existing bathymetry 
(Pre-Dredge) and the mesh representative of the study area following the proposed 
dredging (Post-Dredge).
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d. e. f.
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Figure 41: Resulting output from SRH-W main solver displaying values of bed 
shear-stress (measured in pounds per square foot) for different flow scenarios 
(High, Medium, Low) simulated with the mesh created from the existing bathymetry 
(Pre-Dredge) and the mesh representative of the study area following the proposed 
dredging (Post-Dredge).
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Figure 42: Resulting output from SRH-W main solver displaying values of Froude 
number for different flow scenarios (High, Medium, Low) simulated with the mesh 
created from the existing bathymetry (Pre-Dredge) and the mesh representative of 
the study area following the proposed dredging (Post-Dredge).
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 Focusing our attention on the output values of water depth and flow velocity 

(Figures 38 and 39) we see that much of the study area exhibits shallow depths and 

slow moving flows.  These observations are perhaps made more evident by 

examining a set of histograms displaying water depth and flow velocity for the pre- 

and post-dredge scenarios for the average flow conditions (Figure 43).  Here, one 

can clearly see that the majority of the water depths fall within the 0.001 – 6.0 ft 

range, with a slight increase following dredging.  Similarly, much of the flow 

velocities are found to be within 0.00006 – 0.5 ft/sec.   

 

 

 

          

 

          

 

Figure 43: Histograms showing the distributions of water depth and flow 

velocity for the pre- and post-dredge scenarios using the average flow 

conditions. 
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5.3.2 – Sensitivity Analysis 

 To determine the degree to which model results are sensitive to certain 

independent variables, simulations of average-flow conditions were repeated using 

different values of Manning’s roughness coefficient (n).  Two additional simulations 

of the average-flow scenario were run; once using n values that were twice the 

original values (‘large n’) and again using n values one-half of the original values 

(‘small n’).  Simulations run using the originally assigned values of Manning’s 

roughness coefficient are referred to as ‘average n.’ Using the resulting output files 

from each simulation, paths were traced from the downstream outlet of the study 

area to the upstream inlets of Eliza Creek and the Bay Island pumping station, with 

readings of water-surface elevation recorded for each point along the path.  The 

values of Manning’s n assigned to each material type for these simulations are 

summarized in Table 13. 

 

 

 

Material Type 

Values of Manning’s n for different scenarios 

Small n Average n Large n 

Bed Material 0.04 0.08 0.16 

Vegetated Island 0.1 0.2 0.4 

Dredged Channel 0.015 0.03 0.06 

 

Table 13: Values of Manning’s roughness coefficient (n) assigned to the 

differentmaterial types that exist within the study area.  Sensitivity of the 

model to roughness values can be determined by varying the input values 

of n and repeating the simulation while holding all other variables 

constant. 

 

 

 The resulting plots clearly show a direct relationship between the assigned 

values of Manning’s roughness and the reported values of water-surface elevation 

(Figure 45 and 46).   Similarly, the model results do not appear to be highly sensitive 
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Figure 44:  Values of water-surface elevation for different points 

falling on a line extending from the downstream outlet of Boston Bay 

and the upstream inlet of the BIDLD pumping station different values 

of Manning’s roughness (n). 
 

 

 

Figure 45:  Values of water-surface elevation for different points 

falling on a line extending from the downstream outlet of Boston Bay 

and the upstream inlet from Eliza Creek for different values of 

Manning’s roughness (n). 

534.5

535.0

535.5

536.0

536.5

537.0

537.5

538.0

538.5

666000 666400 666800 667200

W
a

te
r-

su
rf

a
c

e
 e

le
v

a
ti

o
n

 

(f
e

e
t 

-
M

S
L

 1
9

1
2

)

Easting (meters)

large n

average n

small n

534.8

535.0

535.2

535.4

535.6

535.8

536.0

536.2

536.4

4559000 4560000 4561000 4562000 4563000 4564000

W
a

te
r-

su
rf

a
c

e
 e

le
v

a
ti

o
n

 

(f
e

e
t 

-
M

S
L

 1
9

1
2

)

Northing (meters)

large n

average n

small n



www.manaraa.com

107 
 

 

to input values of Manning’s roughness coefficient.  Water-surface elevation is 

roughly 1 ft greater at the upstream inlet of the BIDLD pumping station for 

simulations using n values that are twice the originally assigned value (‘large n’) 

when compared to the original simulation results (‘average n’) (Figure 45).   The 

upstream inlet of Eliza Creek experiences a 0.6 ft increase in water-surface elevation 

values when n values are doubled (Figure 46).  Similar arguments hold when 

comparing water-surface elevation values from the original simulations with the 

results from the simulations using n values that were one-half of the original value 

(‘small n’). 

 

 

5.4 – Discussion  

 While the majority of the model results appear to make physical sense, there 

is some concern over the accuracy of those results obtained during high flow 

scenarios.  This uncertainty stems from evidence obtained through analysis of aerial 

photos of Boston Bay during a spring time flood event (Figure 3), which indicates 

that the solution domain needs to be expanded to account for increased inundation 

of upland areas during high flows.  Figure 3 clearly indicates that the boundary 

defined by the mesh generation process is not sufficient to handle the high flow 

conditions that exist in the area of Boston Bay during flood events, and is likely a 

source of error for the results from the high-flow simulations.  However, given that 

the difficulty with navigation experienced during low-flow is not seen under high-

flow scenarios, such errors are of little concern for this study. 

 Limited funding did not allow for further field data collection necessary to 

validate results from the various simulation scenarios.  Ideally, flow velocity and 

water-surface elevation data should be collected concurrently with bathymetry and 

discharge measurements to accurately calibrate and validate a 2D hydrodynamic 
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model (Conaway and Moran, 2004; Huizinga, 2007).  Despite such limitations, initial 

results from the 2D modeling of Boston Bay indicate that the proposed dredging 

activity will not significantly impact the existing flow conditions in the bay, with 

water depths in the deepest regions of the study area remaining mostly unchanged 

following the proposed dredging (Figure 38). While results from this study should 

not be used during the design phase of the proposed restoration, they do shed light 

on areas where further research and data collection are required to fully model and 

understand the flow characteristics of the Boston Bay study area. 
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CHAPTER 6 – CONCLUSION 

 

 The study into the potential restoration of Boston Bay adopted a 

multidisciplinary approach involving various methods which included sediment-

size analysis of the material to be dredged, monitoring of nitrate-nitrogen 

concentrations of agricultural runoff water being pumped into the study area, 

mapping of the existing bathymetry and development of a two-dimensional 

hydrodynamic model capable of simulating the proposed dredging and berm 

construction.  Taken together, the results of each study will assist interested parties 

as the restoration of Boston Bay moves forward.   

 Results from sediment-size analysis reveal that the material contained within 

the study area is primarily silt- and clay-sized consisting of particles with diameters 

in the range of 2 to 50 microns.  The hydrometer method of sedimentation 

determined that seven of the 28 sediment samples contained greater than 50% 

sand.  These samples were further analyzed using traditional sieving techniques and 

it was determined that the majority of sand found within the study is considered to 

be  ‘fine sand’ as defined by the USDA (Table 6).   

 The findings from this study into the physical characteristics of the sediment 

to be dredged closely match results from a field study conducted by the USDA in 

2004, which determined that much of the sediment located in the study area would 

qualify as ‘Fluvaquents,’ ‘Beaucoup silty clay loam,’ and ‘Coloma sand’ (Figure 14).  

While the fact that results from the two studies agree with one another is indeed 

reassuring, the USDA states that such soils present severe limitations when used to 

construct berms, embankments and levees.  This may be cause for some concern for 

those parties interested in using the sediment dredged from Boston Bay to design 

berms and ridges.  Further analysis of the engineering properties of this material 

should be conducted before dredging begins. 
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The data obtained from the nitrate-nitrogen sensor is easily displayed as a 

series of plots of nitrate concentration versus time as shown in Figures 15 through 

21.  One can immediately observe a direct relationship between measured 

concentration of nitrate-nitrogen and precipitation events as indicated by abrupt 

spikes in the data set (see May).    Averages for each full month that the nitrate 

sensor was deployed in the field have been displayed in Table 10.  May exhibited the 

highest average nitrate concentration of 10.271 mg/L while November experienced 

the lowest concentration with 2.867 mg/L.  Nitrate concentration of agricultural 

runoff water entering Boston Bay from the Bay Island Drainage and Levee District 

(BIDLD) was observed to be much lower on average during late fall and winter 

when compared to the concentrations measured during spring.  The highest 

measured nitrate concentrations occurred during the spring, with a maximum value 

of 20.738 mg/L in early May of 2009.  This is nearly twice the 10 mg/L maximum 

contaminant level defined by the Environmental Protection Agency and could be 

harmful for livestock and humans (Bruning-Fann and Kaneene, 1993; Knobeloch, et 

al, 2000; Sturgul and Kelling, 2003). 

These data were coupled with the daily operation and maintenance logs from 

the BIDLD pumping station in an attempt to estimate the total load of nitrate-

nitrogen entering the study area via the drainage district.  According to the pumping 

stations daily maintenance logs, the BIDLD pumped over 7,800,000,000 gallons of in 

nearly 4,300 hours of operating time.  Using Equation 5 it was determined that 

nearly 800 tons of nitrate-nitrogen was pumped into Boston Bay via the neighboring 

drainage district. 

This study points to many valuable applications for monitoring nitrate-

nitrogen levels of artificially drained farm runoff.  If other drainage districts in the 

Upper Mississippi River basin adopted similar monitoring practices, it would be a 

much easier task to identify those watersheds that would benefit the most from best 
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management practices (BMPs) to help reduce nitrate loading.   Carefully targeting 

programs to areas of higher pollutant loadings could help conservation programs 

designed to reduce nitrate.  Targeting USDA conservation programs to areas of 

higher nutrient and sediment loadings can lead to BMPs for control of runoff 

containing sediment and nutrients being implemented on lands that are the primary 

sources of nonpoint pollutants and major contributors to the hypoxic conditions 

existing in the Gulf of Mexico. 

The situation involving the BIDLD and Boston Bay, presents a unique 

opportunity to effectively treat nonpoint pollution before entering the Mississippi 

River.  The drainage district and its pumping station could technically be viewed as 

a point-source polluter, and could be dealt with using ‘end-of-pipe’ treatment 

methods to help reduce concentrations of nitrate-nitrogen in the waters of Boston 

Bay before they join the flows of the Mississippi River and eventually the Gulf of 

Mexico. 

The bathymetric survey  of Boston Bay resulted in over 180,000 data points 

with the elevation values referenced to MSL 1912 and the horizontal position 

referenced to the North American Datum of 1983 (NAD 83).  Using a GIS these data 

were used to generate the resulting contoured surfaces were layered onto aerial 

photography of the study area and displayed as a series of bathymetric maps 

(Figures 28 – 33).  These figures reveal that Boston Bay exhibits little topographic 

relief, with much of the project area lying in a range of elevations between 530 and 

532 ft above sea level, and an average elevation of 531.903 ft.   The lowest point of 

elevation within the boundaries of the survey is 507.067 ft and is located near the 

pond where the pipes from the BIDLD (Figure 31).  The highest elevation measured 

during the survey had a value of 539.974 feet and also located near the discharge 

pond.  ‘Bells Pocket,’ a popular location for recreational fishing shows significant 

changes in topography relative to the rest of the study area, with the deepest 
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portions existing in a range of elevations from 508 and 510 ft above sea level  

(Figure 29). 

 Constructing a 2D hydrodynamic model of the Boston Bay study area 

required that a mesh consisting of 73,622 triangular elements, 11,921 quadrilateral 

elements, and 49,433 nodes be generated using the data collected during the 

aforementioned bathymetric survey.  The maximum and minimum elevation values 

contained within the mesh are 539.92 and 508.84 ft, respectively.  To simulate the 

proposed dredging of the study area, the mesh generated using the existing 

bathymetry was altered to reflect the dredging activity prescribed by Living Lands & 

Waters (Figure 36). This was easily achieved by selecting mesh nodes contained 

within the assigned dredging location, and changing the elevation values (z) to 

mimic what the bathymetry would look like after dredging has occurred.  Boundary 

conditions are applied to different node-strings of the mesh to signify values of inlet 

discharge and outlet water-surface elevation.   

 The resulting output files from the numerical simulation provide information 

about flow velocity, water surface elevation, water depth, Froude number, and bed 

shear-stress at the center of each mesh element and can be easily displayed as xyz 

scatter sets in SMS or ArcGIS (Figure 38 - 42).  Initial results indicate that the water 

depth in the ‘Bell’s Pocket’ area would drop by just over 1 ft following the proposed 

restoration, decreasing from 26.195 ft to 25.165 ft during low-flow conditions 

(Figure 38 a and d).  It also appears that a smaller portion of Boston Bay remains 

inundated once the dredging has been completed.   

 Average-flow scenarios reveal that a smaller portion of the study area is 

inundated following dredging and berm construction.  The region behind the 

constructed berm appears to provide suitable habitat for hardwood tree species.  

The areas that remain inundated exhibit generally higher water depths throughout.  

Like the low-flow simulations, water depths in the vicinity of ‘Bells Pocket’ also 
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experience a decrease following the proposed dredging of the study area (Figure 38 

b and e).  Results from the high-flow scenarios are likely inaccurate due to 

insufficient topographic data required to model the portions of the study area that 

are inundated during high-flows.  However, this is of little concern as the navigation 

difficulties suffered during low-flows do not exist during high-flow conditions.  

Output values of water depth and flow velocity magnitude were also compared to 

determine how the proposed dredging would impact the existing hydrology of the 

study area (Figure 39 and 40). 

 Limited funding meant that the model designed during this study could not 

be validated with field data.  Regardless, the initial results from the numerical 

simulation indicate that the proposed dredging will not have a significant impact on 

the deepest portions of the study area, including ‘Bell’s Pocket.’  The areas closest to 

the proposed dredging do appear to experience significant shifts from the existing 

hydrology as would be expected.  And, while these results should not be used during 

the design phase of the restoration of Boston Bay, they do point to other areas 

where further research should be conducted to accurately model flow conditions of 

the study area.   

 Collectively, the results from each study into the proposed restoration of the 

Boston Bay provide significant information about the relevant physical and chemical 

characteristics of the study area.  Should the dredging and berm construction 

outlined by Living Lands & Waters proceed as planned, the data obtained during 

this multidisciplinary study will prove to be useful, serving as a toolbox for decision 

makers, providing interested parties with a checklist of data that has already been 

collected and analyzed, helping to cut down on redundancy while also shedding 

light on areas that still need to be researched in greater detail. 
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APPENDIX A – SOIL CHEMISTRY RESULTS 

  

What follows is a summary of the results from chemical analysis conducted 

on the sediment core samples removed from the Boston Bay study area on April 9, 

2008.  Analysis was conducted at the TestAmerica laboratory, located in Chicago, 

Illinois on May 2, 2008.  Samples were analyzed for total cyanide, pH, percent solids 

and the presence of the following selected metals, organochlorine pesticides and 

PCB’s (Table A1).  Several semivolatile compounds were tested for (Table A2).  

Original test results can be made available by contacting Living Lands & Waters 

(17624 Rt. 84, East Moline, IL, 61244).   
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Metals Organochlorine Pesticides PCB's 

   Aluminum 4,4'-DDD PCB-1260 

Antimony 4,4'-DDE PCB-1254 

Arsenic 4,4'-DDT PCB-1221 

Barium Aldrin PCB-1232 

Beryllium alpha-BHC PCB-1248 

Cadmium alpha-Chlordane PCB-1016 

Calcium Atrazine PCB-1242 

Chromium beta-BHC 
 Cobalt delta-BHC 
 Copper Dieldrin 
 Iron Endosulfan I 
 Lead Endosulfan II 
 Magnesium Endosulfan sulfate 
 Manganese Endrin 
 Mercury Endrin aldehyde 
 Molybdenum Endrin ketone 
 Nickel gamma-BHC (Lindane) 
 Potassium gamma-Chlordane 
 Selenium Heptachlor 
 Silver Heptachlor epoxide 
 Sodium Methoxychlor 
 Thallium Toxaphene 
 Vanadium 

  Zinc 
  

   
 

 

Table A1: Selected metals, organochlorine pesticides and PCB’s tested for 
during the chemical analysis of sediment core samples from the Boston Bay 

study area. 
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1,1'-Biphenyl 4-Chloro-3-methylphenol Dibenz(a,h)anthracene 

1,2,4,5-Tetrachlorobenzene 4-Chloroaniline Dibenzofuran 

1,2,4-Trichlorobenzene 4-Chlorophenyl phenyl ether Diethyl phthalate 

1,2-Dichlorobenzene 4-Nitroaniline Dimethyl phthalate 

1,3-Dichlorobenzene 4-Nitrophenol Di-n-butyl phthalate 

1,4-Dichlorobenzene Acenaphthene Di-n-octyl phthalate 

2,2'-oxybis[1-chloropropane] Acenaphthylene Fluoranthene 

2,4,5-Trichlorophenol Acetophenone Fluorene 

2,4,6-Trichlorophenol Anthracene Hexachlorobenzene 

2,4-Dichlorophenol Benzaldehyde Hexachlorobutadiene 

2,4-Dimethylphenol Benzidine Hexachlorocyclopentadiene 

2,4-Dinitrophenol Benzo[a]anthracene Hexachloroethane 

2,4-Dinitrotoluene Benzo[a]pyrene Indeno[1,2,3-cd]pyrene 

2,6-Dinitrotoluene Benzo[b]fluoranthene Isophorone 

2-Chloronaphthalene Benzo[g,h,i]perylene Naphthalene 

2-Chlorophenol Benzo[k]fluoranthene Nitrobenzene 

2-Methylnaphthalene Benzoic acid N-Nitrosodi-n-propylamine 

2-Methylphenol Benzyl alcohol N-Nitrosodiphenylamine 

2-Nitroaniline Bis(2-chloroethoxy)methane Pentachlorophenol 

2-Nitrophenol Bis(2-chloroethyl)ether Phenanthrene 

3 & 4 Methylphenol Bis(2-ethylhexyl) phthalate Phenol 

3,3'-Dichlorobenzidine Butyl benzyl phthalate Pyrene 

3-Nitroaniline Caprolactam 
 4,6-Dinitro-2-methylphenol Carbazole 
 4-Bromophenyl phenyl ether Chrysene 
 

   
 

 
 

Table A2: Selected semivolatile compounds tested for during the chemical 
analysis of sediment core samples from the Boston Bay study area. 
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Table A3: Summary of the methods used for chemical analysis of sediment core 
samples from the Boston Bay study area. 
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Table A4: Data reporting qualifiers used for chemical analysis of sediment core 
samples from the Boston Bay study area. 
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Table A5: Results from chemical analysis of sediment core number 386.333. 
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Table A6:  Results from chemical analysis of sediment core number 386.555. 
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Table A7:  Results from chemical analysis of sediment core number 386.777. 
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Table A8:  Results from chemical analysis of sediment core number 387. 
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Table A9:  Results from chemical analysis of sediment core number 388. 
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Table A10:  Results from chemical analysis of sediment core number 389. 
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Table A11:  Results from chemical analysis of sediment core number 390. 
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Table A12:  Results from chemical analysis of sediment core number 391. 
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Table A13:  Results from chemical analysis of sediment core number 392. 
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Table A14:  Results from chemical analysis of sediment core number 393. 
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APPENDIX B – ESTIMATE OF NITRATE-NITROGEN LOAD 

 

From the output file taken from the data logger, we know that on November 

3, 2008 at 5:00 AM, the concentration of nitrate-nitrogen at the location of the 

nutrient monitor was 2.201 mg/L.  Since data is only recorded once every half-hour, 

one must assume that the concentration of nitrate-nitrogen remains constant during 

the time between data recordings.  While this assumption is not completely valid, it 

is reasonable to assume that the concentration does not change significantly enough 

to impact the overall calculation. 

From the pumping station log sheets, we also know that pump #1 was turned 

‘on’ at the very same time (5:00 AM), and allowed to run at 1,210 rpm, resulting in a 

discharge of 100,000 gal/min.  If this discharge is multiplied by the amount of time 

the pump is allowed to run (in this case, 30 minutes), one can calculate the volume 

of water being pumped 

 

100,000
���

��	

 30 ��	  3,000,000 �����	� 

 

which can easily be converted into liters 

 

3,000,000 ��� 
 3.785
������

���
 11,355,000 ������ 

 

If this value is multiplied by the nitrate-nitrogen concentration, the mass of nitrate-

nitrogen is quickly obtained 
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11,355,000 ������ 
 2.201
��

�����
 24,992,355 ������ 

 

This process was repeated for each time step that the pumps were in operation, 

allowing for an estimate of the total load of nitrate-nitrogen being pumped into 

Boston Bay from the Bay Island drainage district.  This value comes out to be 7.2 × 

1011 mg (~800 tons) of nitrate-nitrogen.     
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