6242 Southwood Avenue 1 South

St. Louis, MO 63105

November 16, 2008

Campus Box 1026

One Brookings Drive

St. Louis, MO 63130

Dear Undergraduate Research Committee:

My name is Jessica Stigile and I am currently a Systems Science and Engineering major at Washington University in St. Louis.  Attached is a proposal for research I would like to conduct next semester.  

The proposed research involves a study of military ordnance found along the southern Delaware shoreline.  A recent beach nourishment project involved the reconstruction of the area’s sand dunes using sand from the ocean floor.  The ocean floor in this area, unfortunately, contains several tons of unused Navy ordnance, including explosives.  The replenished beach and sand dunes are now home to this dangerous material.  I would like to gather data about the types and locations of ordnance contained within four Delaware beaches.  My results could provide insight for cities considering similar beach nourishment projects as well as assist the local government in efficiently allocating clean-up resources.

I expect to complete this research within one academic semester.  My outside concentration for the Systems Science and Engineering major is its application to environmental systems, so I am very enthusiastic about conducting this research.  I also feel that I have the appropriate knowledge to carry out this research.  I am experienced with metal detectors, the main instrument I will use, and have a solid mathematical background, which will help me develop insightful analyses of my data.

Thank you for considering this research proposal. If you have any questions, please feel free to contact me at jls2@cec.wustl.edu or 302.228.3667.

Best,

Jessica Stigile
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1.0 Summary TC "2.0 Summary" \f C \l "1" 
This document proposes a survey of the southern Delaware shore for military ordnance. Bethany Beach, DE was a recent site for the Army Corps of Engineers’ Storm Damage Reduction Project, which involved rebuilding the area’s sand dunes with sand from the ocean floor (“Bethany-South Bethany”).  As Bethany Beach was a dumping site for unused military munitions in the mid-20th Century, military ordnance lies on its ocean floor, including the borrow site for the Storm Damage Reduction Project (Bull).  Consequently, the Storm Damage Reduction Project brought these munitions ashore, subjecting the public to this dangerous material. 
 
I propose to collect data about the ordnance contained within four Delaware beaches: Rehoboth Beach, Dewey Beach, North Bethany Beach, and South Bethany Beach.  Using a metal detector, I will inspect each of these beaches for military ordnance and record the location and type of material I find.  I will later analyze this data to compare each beach, considering factors such as the total weight of ordnance I find, the danger associated with each piece of ordnance, and the survey site’s size.  I will also perform similar calculations to compare areas within beaches to see if the ordnance is concentrated within a particular area.  The primary goal of this research is to provide a quantitative idea for the amount of military ordnance these beaches contain.  Not only could this research assist the local government in effectively allocating clean-up resources, but it also could have profound implications for other communities considering beach nourishment projects.
In this proposal, I discuss the problem, methods for gathering data, preliminary analytic techniques, a management plan, and significance of the research.  I also address techniques for eliminating biases in the data and important safety considerations.
1.1 Introduction TC "2.1 Introduction" \f C \l "2" 
Erosion of coastal landforms has become an environmental concern in recent years.  Sea-level rises, wave energy, and adverse weather conditions are the major contributors to coastal erosion.  Natural landforms, such as sand dunes, serve as barriers between water and land. Without these landforms, shoreline communities are subject to regular flooding.  The Army Corps of Engineers, along with local governments, has implemented the Storm Damage Reduction Project to replenish coastal landforms. Although these projects protect the community from flooding, they may cause unforeseen dangers to beachgoers.  (Department of Interior 5-19).
Throughout this proposal, I will use a few technical terms:
· Coastal Erosion: Permanent destruction of coastal landforms due to natural causes.  In the context of this proposal, coastal erosion encompasses shoreline retreat and sand dune damage (Coastal Hazards and Climate Change Ministry for the Environment). 
· Dredging: Scooping of sediment from the bottom of an ocean, lake, or river (NOAA).

· Ordnance: Military material, including weapons and ammunition (“Ordnance”).
· Swash: Water that runs ashore after a wave breaks (NOAA)

1.2 Statement of the Problem TC "2.2 Statement of the Problem:" \f C \l "2" 

Bethany Beach is a small community that lies along the Southern Delaware shoreline. Known as the “Quiet Resort,” Bethany Beach is a popular vacation destination for Maryland, Virginia, and Delaware residents (Town of Bethany Beach).  Coastal erosion, however, has made the area vulnerable to adverse weather conditions; the first two streets parallel to the shore regularly flood (“Sussex County”).  
This community was the most recent site for the Army Corps of Engineers’ Storm Damage Reduction Project.  The six-month endeavor consisted of dredging roughly 3.8 million cubic yards of sand from the ocean floor and using that sand to rebuild the beach. The Army Corps of Engineers, along with Contractor Weeks Marine, Inc, erected 16-foot sand dunes along 2.8 miles of the shoreline. (“Bethany/South Bethany”)  

Although the area has seen a dramatic decrease in shoreline flooding, the Storm Damage Reduction Project is responsible for another issue of public safety: hazardous ordnance on the beach.  Ordnance covers the mid-Atlantic ocean floor, including the borrow site for the Storm Damage Reduction Project.  Prior to 1964, the official Navy policy for discarding used or surplus munitions was to throw them overboard (Bull).  For decades, the Navy used the mid-Atlantic coast as a sink for artillery shells, explosives, and phosphorous flares (Bull). Then, from May 1964 into the early 1970s, the Department of Defense implemented Operation CHASE: Cut Holes and Sink ‘Em.  This secret operation got rid of unused munitions, explosives, and rockets by packing them onto old ships, towing the ships several miles off shore, and sinking the ships (“Operation CHASE”).  The last phase of Operation CHASE was the sinking of the SS David E. Hughes off of the Bethany Beach coast.  With time, tides scattered the ordnance along the ocean floor (Bull).

Since the Storm Damage Reduction Project, the public frequently finds ordnance on the beach.  In fact, within three weeks this past fall, the public found 6 live military flares on the beach (Hopkinson).  Not only did the Storm Damage Reduction Project scatter ordnance across the beach, but it also surfaced ordnance that was once buried in the ocean floor, allowing it to be carried inland by waves.  The increased possibility of finding this ordnance on the beach is a pressing safety issue because some of this ordnance could explode or combust.
1.3 Purpose TC "2.3 Purpose" \f C \l "2" 
The purpose of this research is to gather data about the distribution and kinds of ordnance contained within four southern Delaware beaches.  It aims to provide a quantitative measure that describes the likely ordnance content of these beaches. I will address several questions in my analysis: 
· Does any beach seem to contain more ordnance than the others?

· Does any beach seem contain more hazardous ordnance than the others?

· For each beach, does there seem to be a specific area that contains an unusually high amount of ordnance?

· In general, is the ordnance concentrated a certain distance from the water?

· How much danger does this ordnance create?

2.0 Methods TC "3.0 Methods:" \f C \l "1" 
This section contains information about my proposed data collection methods as well as some approaches to minimizing biases in my data.

2.1 Data Collection TC "3.1 Data Collection" \f C \l "2" 
I plan to survey specific Delaware beaches with a metal detector.  Because the overwhelming majority of ordnance contains metal, a metal detector will allow me to locate ordnance in the sand. The metal detector can also identify metal objects within 1 feet of the sand’s surface.  Most beachgoers either lie on the beach or dig shallow holes in the sand, so surveying this layer of sand is representative of the area that regularly comes into contact with the public.  

Survey sites, from North to South, include Rehoboth Beach, Dewey Beach, North Bethany Beach, and South Bethany Beach.  I chose these sites because they are the public beaches closest to the Storm Damage Reduction Project.  Ideally, I would also survey Fenwick Island, DE and Indian Beach, DE, but these beaches are State Parks and prohibit digging activity.
At each beach, I will try to target the high-traffic areas.  For North Bethany Beach and Rehoboth Beach, defining this area is simple: it is the strip of beach along the boardwalk.  Dewey Beach and South Bethany Beach, on the other hand, do not have boardwalks. Thus, I define the high-traffic areas to be the portion of beach near public parking.  I feel that this will be an accurate representation of the high traffic area because parking lots have direct access to the beach. Table 1 is a summary of the proposed survey sites and Figure 1 maps these survey sites.

	
	North End
	South End
	Distance (miles)

	Rehoboth Beach
	Grenoble Street
	Prospect Street
	1

	Dewey Beach
	Chesapeake Street
	Hall Street
	1.4

	North Bethany Beach
	2nd Street
	Parkwood Street
	0.4

	South Bethany Beach
	N. 6th Street
	S. 9th Street
	0.7


Table 1: Summary of Survey Sites
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I will start at the north end of each site and work towards the south end.  For consistency, I will survey each beach block by block, starting at the foreshore and working towards the dunes.  For each piece of ordnance I find, I will record its type (artillery shell, timer, flare, etc.) and approximate location, which includes both its block as well as its distance from the water. I have divided each beach into three main sections: foreshore, backshore I, and backshore II (Figure 2, Table 2).  
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	Location
	Description

	Foreshore
	Adjacent to the water during low tide
	Sand that is exposed during low tide but not visible during high tide.  Sand is typically wet or damp.

	Backshore I
	Between the foreshore and backshore II 
	Sand that borders the water during high tide.  Sand is typically dry, loose, and soft. 

	Backshore II
	Between backshore I and dunes.
	Sand is dry, loose, and rocky.



I will collect the non-hazardous ordnance, weigh it, and dispose of it in a proper location.  I will not handle hazardous material but will contact the appropriate person to remove it from the beach (see 4.0 Safety Considerations). 


I will perform this part of the experiment during winter and spring months, away from the peak tourist season.  This is in the interest of public safety.  Should I find hazardous ordnance, I will be able to leave it in the sand for the appropriate authorities.  Surveying in these months will also give me access to the entire beach because very few people will be on the beach.
2.2 Prevention of Biases TC "3.2 Prevention of Biases" \f C \l "2" 

Time of day and weather could introduce biases in the data.  Because I will be searching for objects in the foreshore, I need to be wary of the local tides.  If I survey one beach’s foreshore close to high tide, I may not get an accurate representation of the actual foreshore region.  In fact, I would investigate an area that is narrower than the real foreshore, which could prevent me from finding ordnance. In addition, weather can have a significant effect on the water level and wave heights.  If I survey a beach prior to, during, or immediately after a major storm, the swash will rise and cover a significant portion of the foreshore.  Strong winds may also deform the normal surface of the sand and uncover ordnance that I may not ordinarily find.


Complete elimination of these biases is impossible; I can control neither the tides nor the weather.  I can, however, minimize the potential for biases.  With regards to the tides, I can survey each beach’s foreshore within a certain time of the Coast Guard’s predicted low tide.  Setting these time windows will allow me to investigate a relatively accurate portion of each beach’s foreshore.  Weather biases, on the other hand, are more difficult to handle.  Ideally, I would survey each beach under similar weather conditions.  I can only be in the Bethany Beach area for Winter and Spring breaks, and I may have to survey beaches under different weather conditions.  I will try to survey beaches under similar weather conditions, but if this is not possible, I will take specific notes about the weather conditions at each site so that I can account for this in the data analysis.

3.0 Data Analysis TC "4.0 Data Analysis:" \f C \l "1" 

This section summarizes preliminary analytic techniques that look for trends in the type and location of ordnance.  The analysis consists of two major sections: comparisons between beaches and comparisons within beaches.  
3.1 Comparisons Between Beaches TC "4.1 Comparisons Between Beaches" \f C \l "2" 
This portion of analysis gives a broad overview of which beach may pose the greatest threat to public safety. The following three indices compare beaches in terms of how much ordnance they contain, sometimes considering the hazard each piece of ordnance presents.
3.1.1 Total Ordnance Index TC "4.1.1 Total Ordnance Index" \f C \l "3" 
The Total Ordnance Index compares beaches based on the total amount of ordnance contained within the beach.  A high Total Ordnance Index predicts that the beach contains a high density of ordnance, while a low index indicates a beach may have a low density of ordnance.  It takes into consideration the total weight of ordnance found as well as the survey size.  The Total Ordnance Index is 
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where j is the set of survey sites, i is the set of ordnance found, lj is the length of survey site j, and wij is the weight of specimen i found at site j. I will not handle the hazardous material, so I will estimate weight based on the specimen’s classification (flare, timer, etc.). 
Looking only at the mass of ordnance is not sufficient because it would be biased towards larger survey sites. This index instead parallels the density of ordnance found at each site.  I do not know the exact volume of sand surveyed at each site because the beach width varies.  The survey sites, however, are southern Delaware beaches and have similar coastal landforms, so we will assume that they have the similar widths (Department of Interior 5-19).  If we assume that each beach has the same width and depth, we only need to divide the total weight of ordnance by the length of each survey site.
3.1.2 Total Hazardous Ordnance Index TC "4.1.2 Total Hazardous Ordnance Index" \f C \l "3" 
The Total Hazardous Ordnance Index orders beaches based on the total amount of hazardous ordnance they contain.  A high Total Hazardous Ordnance Index indicates that a beach contains a high amount of hazardous ordnance relative to its size while a low Total Hazardous Ordnance Index indicates that a beach may not contain much hazardous ordnance relative to its size.  This index accounts for both the total weight of hazardous ordnance at each site as well as survey site’s length.  The Total Hazardous Ordnance Index is
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where j is the set of survey sites, h is the set of hazardous ordnance, lj is the length of survey site j, and whj is weight of hazardous specimen h  found at site j.  Once again, I will not have the actual weight of hazardous ordnance.  Because most hazardous ordnance has not exploded, it will be in one solid piece.  I will do research to find the weight of each type of hazardous ordnance I find.

The Total Hazardous Ordnance Index’s physical meaning is similar to the Total Ordnance Index: it parallels the density of hazardous ordnance for a beach.  We assume that the width and depth of each survey site is the same, so we only need to divide the weight by length to develop a notion of density.
3.1.3 Total Risk Index TC "4.2.3 Total Risk Index" \f C \l "3" 
The Total Risk Index ranks beaches in terms of safety.  A high Total Risk Index indicates that the ordnance on a beach may pose a severe threat to public safety and a low Total Risk Index indicates that the ordnance on a beach is relatively harmless.  To develop a well-rounded notion of risk, the Total Risk Index considers the weight of ordnance, its probability to cause harm, and the size of each survey site.  The Total Risk Index is
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where j is the set of survey sites, i  is the set of ordnance, wij is the weight of specimen i found at site j, and hi is the associated hazard parameter for specimen i. Risk characterization must take into account both exposure and hazard (Allen and Shonnard 57-8).  In the context of this problem, exposure is the weight of ordnance divided by the site length and hazard is the potential for each piece of ordnance to cause harm.  Once I know the different types of ordnance, I will assign each type a hazard parameter.  A high hazard parameter indicates that the ordnance is likely to cause harm. Clearly, explosive and combustible ordnance will have the highest risk parameter. 
3.2 Comparisons Within Beaches TC "4.2 Inter-Beach Comparisons" \f C \l "2" 
This portion of analysis compares specific sections of each beach in terms of ordnance content and safety.  This analysis may reveal that the ordnance is concentrated within a specific part of the beach.
3.2.1 Total Block Ordnance Index TC "4.2.1 Total Block Ordnance Index" \f C \l "3" 

The Total Block Ordnance Index characterizes the amount of ordnance contained within each block.  It consists of the net weight of ordnance within each block.  A high Total Block Ordnance Index indicates that a block may contain an unusually high amount of ordnance and a low Total Block Ordnance indicates that a block may contain an insignificant amount of ordnance.  The Total Block Ordnance Index is 
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where b is the set of blocks, i is the set of ordnance within block b, and wib is the weight of specimen i found within block b.  We assume that each block is the same length, so the volume of sand I will survey at each block is roughly the same. This means that summing the weight of ordnance within each block is not biased towards any particular block.  
3.2.2 Total Section Ordnance Index TC "4.2.2 Total Section Ordnance Index" \f C \l "3" 
The Total Section Ordnance Index represents the amount of ordnance contained within the foreshore, backshore I, and backshore II sections by looking to the net weight of ordnance within each region. The Total Section Ordnance Index
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where l={foreshore, backshore I, backshore II}, i is the set of ordnance within a particular region, and wil is the weight of specimen i found within section l. 
I derived the Total Section Ordnance Index similarly to the Total Block Ordnance Index (Section 3.2.1) except that I look at the amount of ordnance within each section.  I assume that the volume of sand I will survey within each section is roughly the same, so summing the weight within each section is not biased towards any particular section.
3.2.3 Total Block Risk Index

The Total Block Risk Index determines how dangerous a particular block may be.  It considers both the weight of ordnance contained within the block as well as the specimen’s potential to cause harm.  The Total Block Risk Index is 
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where b is the set of blocks, i is the set of ordnance, wib is the weight of specimen i found at block b, and hi is the associated hazard parameter for specimen i. This derivation is similar to the Total Risk Index (Section 3.1.3), and the hazard parameters are the same ones used to calculate the Total Risk Index.  The Total Block Risk Index characterizes risk by taking into account the exposure level to each type of ordnance (weight) and the potential for that ordnance to cause an adverse effect (the hazard parameter). It does not divide by length, however, since it assumes that blocks are of similar size.

Note: I could also include a Total Section Risk Index, but I feel that this will not provide any useful information.  If one particular section presented the highest threat to public safety, it would be impossible to prevent the public from walking on this section of the beach because it extends along the entire coastline.  
4.0 Safety Considerations TC "5.0 Safety Considerations" \f C \l "1" 

This section describes how I plan to minimize the dangers associated with this project.  I need to take several safety precautions throughout the survey process because I could encounter explosive material.
4.1 Safety Preparation TC "5.1 Safety Preparation" \f C \l "2" 
When someone finds dangerous ordnance on the beach, the Explosive Ordnance Disposal Unit (EOD) responds (Delaware State Police).  This unit knows how to identify, handle, and dispose of explosive material.  Before I begin my research project, I will contact the unit to receive safety training. I do not want to learn how to handle or dispose of the hazardous material, but I do want to be able to identify it. If a minor situation occurs, I also have current certification by the Red Cross in First Aid, CPR, and Lifesaving.
4.2 Safety While Surveying TC "5.2 Safety While Surveying" \f C \l "2" 
I will wear protective gear while surveying each beach.  My main concern is the possibility of finding and activating a phosphorous flare.  These flares burn at high temperatures and could cause severe burns. To protect myself from this situation, I will wear fire retardant clothing and gloves.  To minimize the likelihood that this situation happens, I will not handle any hazardous ordnance but will contact the EOD to destroy it.

Cellular reception the beach is minimal.  Before going to survey a site, I will designate an emergency contact person, who will know when and where I will be surveying on a particular day.  While surveying, I will periodically check in with this person so that if a serious accident occurs, I will miss a check-in time and the person will know to notify the Police Department.
5.0 Management Plan TC "6.0 Management Plan" \f C \l "1" 
This section describes expected costs for the research and a tentative schedule.
5.1 Materials and Budget TC "6.1 Materials and Budget" \f C \l "2" 
I will need metal detection and safety materials to conduct this research, some of which I currently own: a metal detector, sand filtering scoops, and plastic bins.  I also own a scale, which will allow me to weigh the non-hazardous material. I will not incur any travel or lodging costs because I live in the Bethany Beach area. Hence, I only anticipate costs relate to the safety gear.  I estimated the cost of these materials in Table 3.
	 
	Cost

	Metal Detecting Materials

	Metal Detector
	N/A

	Sand Filtering Scoop
	N/A

	Plastic Bins
	N/A

	Analysis Materials

	Scale
	N/A

	Safety Materials

	Flame Retardant Coveralls
	$75 

	Flame Retardant Gloves
	$30 

	Tinted Safety Goggles
	$10 

	Other

	Travel
	N/A

	Lodging
	N/A

	Total
	$115 





Table 3: Estimated Expenses

5.2 Timeline TC "6.2 Timeline:" \f C \l "2" 
I plan to survey the sites over Winter Break (December 18, 2008-January 8,2009) and Spring Break (March 7, 2009-March 15, 2009).  Over Winter Break, I will survey each beach to obtain preliminary data. From this data, I will make intra-beach comparisons and identify two sites for further investigation, most likely the sites with the highest Total Risk Indices.   I will revisit these sites over Spring Break to check if they were simply outliers in the data.  See Table 4 for a detailed schedule.
	Winter Break: Initial Survey

	12/18
	Arrive in Bethany Beach, DE

	12/19-12/21
	Survey Rehoboth Beach

	12/27-12/31
	Survey Dewey Beach

	1/2-1/3
	Survey North Bethany Beach

	1/5-1/7
	Survey South Bethany Beach

	Spring Break: Secondary Survey

	3/7
	Arrive in Bethany Beach, DE

	3/9-3/11
	Revisit Site 1

	3/12-3/14
	Revisit Site 2






Table 4: Detailed Schedule
6.0 Significance of the Research TC "7.0 Conclusions and Significance of the Research" \f C \l "1" 
The Department of Defense implemented the Military Munitions Response Program (MMRP), an effort aimed at cleaning beaches with unexploded ordnance (Federal Facilities Restoration and Reuse).  Although there are two nearby sites on the MMRP list, none of my proposed survey sites are on the list (Department of Defense Environmental Programs).  Circumstances have changed because of the Storm Damage Reduction Project, and my data could put one of these sites on the MMRP list.  Although the presence of ordnance on the beach is local knowledge, the data obtained from this study will estimate the ordnance content of these beaches.  From this data, the local government will be able effectively to allocate clean-up resources.

This research could also have profound implications for the future of beach nourishment projects.  Other cities have plans for beach nourishment projects.  In fact, the next phase of the Army Corps of Engineers’ Storm Damage Reduction Project involves the replenishment of the New Jersey shoreline, which was the site for two of the Operation CHASE missions (“Operation CHASE”).  My data could provide these cities with information about the effects of a beach nourishment project on public safety.  My results could indicate that the Storm Damage Reduction Project had a severe impact on the level of public safety, which would discourage any future beach replenishment activity.  Similarly, it may reveal hidden costs of a beach nourishment project: the associate clean-up cost.  On the other hand, my results could persuade the Army Corps of Engineers to seek new methods for beach nourishment projects.  Prior to the Storm Damage Reduction Project, the Army Corps of Engineers surveyed Bethany Beach’s ocean floor to find a suitable borrow site (“Bethany-South Bethany”).  If I could show that the Storm Damage Reduction Project contaminated Bethany Beach even though the Army Corps of Engineers approved its borrow site, then I would have evidence that the Army Corps of Engineers needs to have more selective standards for borrow sites.  Or, if their current standards are highly selective, then my research may demonstrate the need for alternative beach nourishment practices.  Overall, this research will provide a new perspective to beach nourishment projects, which could encourage new methods for reversing coastal erosion. 
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“X” Marks the Spot:


A Proposal to Survey Delaware Beaches for Military Ordnance





Figure 1: Maps of Proposed Survey Sites (survey area in purple). Edited from Beach-net.com.





Figure 2: Shore Diagram





Table 2: Summary Of Beach Sections
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