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WORKSESSION 

September 23, 2021 

7:30 PM 

 

AGENDA 
 

 

 

1. Call to Order 

2. Pledge of Allegiance  

3. Town Administrator Report – Administrator Galloway will provide a report to the Mayor 

and Council regarding the status of Town operations as well as a summary of actions taken 

under the  COVID-19 state of emergency. 

 

4. Annexation – Mayor Munyeneh will engage council on annexation projects.  

 

5. 1201 Claybrick Road Presentation – Attorney Pounds will provide an update.   

 

6. Board of Elections Charter Amendment Update – The Board of Elections will answer 

questions regarding the proposed Charter Amendment and timeline. Mayor and Council will 

provide potential language for the amendment. 

 

7. Communication/Translations Discussion – Mayor Munyeneh will engage the council in a 

discussion regarding town wide communications.  

 

8. Grant – Mt. Hope Commission is requesting a $2,000 grant from the Town of Cheverly to 

cover promotional material and event fees. 

 

9. Outdoor Facility Usage – Town Administrator and Town Staff will give a presentation and 

provide recommendations. 

 

10. Youth Development Council – Mayor Munyeneh will engage the council in a discussion 

regarding youth council. 

 

11. Booms Meeting – Town Administrator will provide a brief update regarding Booms 

meeting. 

 

12. Water Task Force – The role of the task force is to serve as a resource for Public Works, 

collect information from residents, work with LIDC in terms of triaging the issues, as well as 

provide communication to residents about progress made. Mayor Munyeneh will provide an 

update on the Water Task Force. 

 

13. Website Update – Tonya Jones will give a brief update on the progress of the new website.  
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14. Review of October Town Meeting agenda and future requests – The Mayor and the Town 

Administrator will offer a forecast of the October 14 Town Meeting agenda. Mayor 

Munyeneh will seek Council input on agenda items for consideration for future meetings. 

 

15. Adjourn 

 

 

You are invited to a Zoom webinar. 

 

 

When: September 23, 2021 07:30 PM Eastern Time (US and Canada) 

Topic: Cheverly Mayor and Council Worksession 

 

Please click the link below to join the webinar: 

https://us02web.zoom.us/j/82551558763?pwd=SkU0MDI5TmNWYVBMNXlFVk8vNEp0UT09  

Webinar ID: 825 5155 8763 

Passcode: 916656 

 

Or iPhone one-tap : US: +13017158592,,82551558763#  or +16465588656,,82551558763#  

Or Telephone: US: +1 301 715 8592  or +1 646 558 8656  or +1 312 626 6799  or +1 669 900 

9128  or +1 253 215 8782  or +1 346 248 7799  

 

 

 

 

about:blank
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May 4, 2021
Town of Cheverly | DMV & DDOT Facility

Presented by: District of Columbia Department of General Services

1201 Claybrick Road
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• Contract Buyer – Tiwana Hicks
o District of Columbia Department of General Services 

• Architect – Garret Pressick
o Bell Architects

• Civil Engineer – David O’Dell, Joseph DiMarco, Eric 
McWilliams
o Bohler

• Traffic Engineer – Katie Wagner
o Grove Slade

Introduction – Project Team
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Location of 1201 Claybrick Rd. 
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• The District of Columbia intends to purchase and develop the 
Property to accommodate:

o District Department of Transportation’s (DDOT) Circulator 
Fleet Maintenance Facility

o Department of Motor Vehicles (DMV) Commercial Driver 
License (CDL) Testing Facility

• The District plans to develop the DMV facility as Phase 1, and 
subsequently develop the DDOT facility as Phase 2.

Project Overview
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• The Site will consist of:

o A principal building with approximately 33,600 square feet of gross 

floor area and a building height of approximately 60 feet. 

o An accessory structure for washing the DC Circulator fleet with 

approximately 5,500 square feet of gross floor area and a building 

height of approximately 35 feet. 

o An accessory structure (canopy) for fueling the DC Circulator fleet 

with approximately 3,000 square feet of gross floor area and a 

building height of approximately 35 feet.

Project Overview
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• The DC Circulator Electric Bus Program

o DDOT is required by the Clean Energy DC Omnibus Amendment Act 

of 2018, to transition its remaining 58 diesel and hybrid diesel fleet to 

100% BEB by 2045. 

o The purpose of the site is to accommodate the DC Circulator storage, 

maintenance and charging infrastructure in a state-of-the-art green 

facility that will support the region’s goals for reducing air pollutants. 

o Currently the DC Circulator has 14 electric buses, and plans to 

purchase 14 additional electric buses in FY21 for expansion of the 

fleet. 

Project Overview
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Project Overview

Example – Rendering of Similar Bus 
Ops Facility with Solar Canopy 

supporting BEB Charging

Section of Solar Canopy / Charge 
Dispenser Supporting Overhead Frame

Rendering  
Sample View 

under 
Charging 
Canopy



@dcdgs

• Approximately 121 passenger vehicle parking spaces and approximately 

121 bus parking spaces for the DC Circulator fleet are proposed on the 

Property. 

• A total of 14 bus maintenance bays for the DC Circulator fleet are 

presently contemplated. 

• DDOT plans to have transition more than half its fleet to electric vehicles 

by 2026.

DDOT Circulator Fleet Maintenance & Operations Facility
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• DDOT will be conducting a National Environmental Policy Act (NEPA). The National Environmental Policy 

Act (NEPA) process provides a framework for environmental planning and decision making by federal 

agencies.  NEPA requires federal agencies to consider the environmental consequences of proposed 

actions and provide this information to the public. It considers a broad range of impacts related to social, 

economic, and environmental activities of a proposed action and includes consultation with other 

federal, state, and local agencies as well as public involvement. 

Project Overview 

Essential elements of the NEPA process include:

• Purpose and Need;
• Alternatives;
• Impacts;
• Mitigation;
• Public Involvement;
• Interagency Coordination; and 
• Documentation



@dcdgs

• The DMV CDL Testing Center will administer a course design and testing 

scheme necessary to strictly adhere to the Federal Motor Carrier Safety 

Administration (FMCSA) regulations, which establish the specific 

guidelines for testing and safety for the issuance of CDLs. 

• Hours of operation will be Tuesday through Saturday, 7am to 5pm.

• Testing duration is 2 hours and estimated testing volume is approximately 

8 tests per day within the standard hours of operation.

• Occasional testing may be conducted on Mondays.

DMV CDL Testing Center Operations
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• The State Law (Maryland Annotated Code, Land Use article) identifies the 

Mandatory Referral review process for public bodies desiring to locate, 

construct, or authorize a public building or structure in Prince George’s 

County. 

• The Mandatory Referral process is separate and distinct from the 

development review processes required for private development 

projects. 

• In accordance with the State Law, M-NCPPC has exclusive jurisdiction to 

review.

Mandatory Referral Process
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• M-NCPPC will review the District of Columbia’s Mandatory Referral 

application in accordance with its adopted Uniform Standards for 

Mandatory Referral review, which can be viewed here: 

http://www.pgplanning.org/DocumentCenter/View/762/Adopted-

Uniform-Standards-PDF?bidId= 

• Based on the staff report, public comments and input (including 

comments from the Town of Cheverly), the applicant’s rationale, and the 

findings and considerations, the Planning Board will render a decision on 

the Mandatory Referral application.

Mandatory Referral Process
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Existing Conditions
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Proposed Conditions
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Proposed Elevations
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Circulation Plan
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Thank you!
Questions?
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Connect with DGS!



1201 Claybrick Road 
District of Columba DDOT/DMV Facility 

Draft Conditions  
 

1. National Environmental Policy Act (NEPA) Process: The District of Columbia will be 
evaluating a number of traffic and environmental impacts as part of a subsequent NEPA 
process. The District of Columbia agrees that it will provide the Town of Cheverly with 
copies of its NEPA submission for review and comment. The District of Columbia will 
meet with the Town to review its comments relating to the NEPA submission and make 
good faith efforts to address the Town’s comments to the NEPA submission prior to 
occupying the property for its intended use. 
 

2. Installation of Infrastructure for Electric Vehicles (EV): The District of Columbia will 
construct the facility with the necessary EV infrastructure to accommodate a fully electric 
fleet.  
 

3. Impervious cover: While the Zoning Ordinance permits up to 90% impervious cover, the 
District of Columbia will limit the development to a maximum of 70% impervious cover 
to provide for greater environmental site design.  
 
 

4. Green space: While the minimum required green space is 10% under the Zoning 
Ordinance, the project will provide a minimum of 30% of green space to enhance the 
environmental site design of the proposed development.  

 

5. Landscape improvements: The District of Columbia will design the project to meet or 
exceed all applicable standards in the Prince George’s County Landscape Manual.  
 
 

6. Routing of DDOT Circulator Busses: The District of Columbia will restrict the routing of 
its Circulator busses from accessing the property through the nearby internal single-
family residential neighborhood streets.  

 



GOVERNMENT OF THE DISTRICT OF COLUMBIA 
DEPARTMENT OF GENERAL SERVICES 

 

           
         
 

 

 
2000 14th St., N.W., 8th Floor, Washington, D.C. 20009 | Telephone (202) 727-2800 | Fax (202) 727-7283 
 

  
1. Please provide more details on the NEPA review process.  

The National Environmental Policy Act (NEPA) process provides a framework for 
environmental planning and decision making by federal agencies.  NEPA requires federal 
agencies to consider the environmental consequences of proposed actions and provide 
this information to the public. It considers a broad range of impacts related to social, 
economic, and environmental activities of a proposed action and includes consultation 
with other federal, state, and local agencies as well as public involvement.  Some 
examples of the activities reviewed under NEPA, include review of traffic, and pollution 
(air, noise, environmental). The NEPA document must be approved by the federal lead 
agency for the project, in this case the Federal Transit Administration, prior to 
development of the DC Circulator facility.  For more information on the NEPA 
process: https://www.transit.dot.gov/regulations-and-programs/environmental-
programs/environmental-review-process  
 

2. What is the anticipated routing of circulator buses to and from the site?  
DDOT has yet to determine the routing of the Circulator and will develop this during the 
NEPA process.  The process will assess traffic impacts along with a wide range of social 
and environmental considerations.  The traffic assessment through NEPA will include 
the timing and volume of  movements entering and exiting the site by employees and 
Circulator vehicles, flows along Sherriff Road, other roadway improvements, and a 
comparison of existing traffic to future traffic as a result of the proposed development. 
As part of the NEPA process, the District intends to provide a copy of its report for 
review and comment by the Town of Cheverly.   
 
The DC Circulator operates their facilities 24 hours a day. Most of the bus circulation to 
and from the garage happen during off peak periods of traffic in the mornings and at 
night. Normally buses leave the facility in the mornings between 5:00am-7:30am and 
return in the evening period and stagger between 9:30pm and midnight. 
 

3. Timing and plans for constructing infrastructure on-site that will allow for conversion 
to an electric fleet.  
The initial 30 percent design of the facility is scheduled to begin fall of 2021 in 
conjunction with the NEPA planning process, pending the purchase of the site. The 
facility will be designed to accommodate DDOT'S conversion to EV fleet, including 
electric bus infrastructures and photovoltaic system. A canopy/overhead charger 
support frame will be built over the bus parking area that will support solar panels and 

https://www.transit.dot.gov/regulations-and-programs/environmental-programs/environmental-review-process
https://www.transit.dot.gov/regulations-and-programs/environmental-programs/environmental-review-process
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charging dispensers for the battery electric buses. The electric buses will be charged 
overnight underneath the canopy.  
 
Additionally, January 18, 2019 DC Mayor Muriel Bowser signed the Clean Energy DC 
Omnibus Amendment Act of 2018, supported by DC Council, which requires that all 
public buses be transitioned to 100% zero emissions by 2045. The District’s goals align 
with Prince George’s county’s Climate action plan initiatives.  Prince George’s County 
has goal of reducing 50% of GHG emission by 2030.  The District intends to be fully 
aligned with this vision and as a result will construct the facility so that it will have the 
infrastructure in place to accommodate a fully electric fleet.  DDOT will be working with 
their counterparts at Prince George’s County to look at opportunities where 
collaboration can continue to be created as both regional governments look towards the 
electrification of their fleets.  
 

4. What size of fuel tank will be maintained on-site to accommodate conventional fueled 
buses?  
 
The current DC Circulator fleet is comprised of electric vehicles, clean diesel vehicles, 
and hybrid diesel-electric vehicles. Please note hybrid diesel-electric and clean diesel 
vehicles operate more efficiently than standard diesel buses, consume less fuel, and 
emit fewer emissions including particulate matter and greenhouse gasses. The current 
diesel fuel used by DDOT for Circulator operations is ultra-low sulfur diesel (ULSD) clear 
which reduces harmful tailpipe and evaporative emissions. 
 
The actual size of the fuel tanks needed to accommodate the remaining clean diesel and 
hybrid diesel-electric fleet is still being determined and will be dependent on how many 
electric vehicles will be operation on the site at the time the facility is delivered. 
However, the storage tank will be no bigger than a 10-thousand-gallon tank.  In 
preparation for the District’s transition to a full electric fleet, any liquid fuel tanks and 
dispensers will be above ground and the tank will be surface mounted. This will allow 
for ease of removal once the clean diesel and hybrid diesel-electric buses are replaced 
with electric vehicles.  
 
The District is also committed to continue to ensure compliance with all safety 
regulations and adhere to all local and federal laws. The District government mandates 
the implementation of Hazards Communication Standards (HazCom) procedures, a 
program created by Occupational Safety and Health Administration (OSHA) to improve 
workplace safety in areas where dangerous chemicals are used. The District also 
mandates the Storm Water Prevention Plan (SWPP),  a site-specific, written document 
that identifies all of the activities and conditions at their site that could cause water 
pollution, and details the steps the facility will take to prevent the discharge of any 
unpermitted pollution. Finally, The Department of Energy and the 
Environment conducts annual and (unscheduled) inspections to ensure the District 
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adheres to all federal and local environmental laws and to ensure the District is 
following their SWPP.  
 
Finally, the District of Columbia is committed to electric bus transition. Currently, the DC 
Department of Transportation is conducting a DC Circulator Sustainability Plan that will 
discuss the timing and possibility of advancing the electric bus transition. This plan will 
help the agency determine how many electric vehicles will transition to the Claybrick 
site. The Claybrick facility will advance the District’s fleet electrification goals since it will 
have a facility with the infrastructure to storage, charge, and maintenance of the 
vehicles. 
 

5. How many employees will be Prince George’s County residents and are there ways to 
prioritize future hires from the Town and/or County.  Can any employment positions 
be set aside for Cheverly residents?    
One hundred and thirty-four (134) DC Circulator employees are Maryland 
residents approximately fifty percent (50%) of the DC Circulators employees. Of 
those, eleven percent (11 %) are Cheverly residents. The District is committed to 
working with the Town of Cheverly’s and Prince George’s County to look at ways in 
which further training and employment opportunities for individuals in the area.  
 
For reference, please find attached the following: 

o Exhibit A, summarizing the place of residence of DC Circulator staff based on zip 
code data.   

 
6. Will the District pay property taxes?  

No, the District is exempt from property taxes as a government entity.  
  

7. How will the Town benefit from the DC project? What are the direct benefits to the 
Cheverly community with this development?  
Cheverly will benefit from the DDOT facility investment through various direct benefits 
including: 
• Ongoing operation of the facility will provide direct, indirect and induced 

employment and expenditures including restaurant and food purchases, retail sales, 
and other services 

• Promote employment opportunities available with as part of the DC Circulator team 
• Opportunity to partner with the community on educational and potential direct 

training on sustainable investments including electric vehicles, photovoltaic power 
generation, electrical grid resiliency, and battery storage  

• The NEPA planning process will document some of the desired public improvements 
in the area (such as improvements in bike lanes and bike connectivity) that can then 
be shared with elected and government officials. 
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• DDOT will continue to collaborate with Prince George’s County on the overall 
regional transportation goals to reduce air pollutant and achieve climate regional 
goals 

 
In addition, the District will partner with the Cheverly community and have an open line 
of communication on all aspects of this development. Unlike a private developer, the 
District will have many entities that will ensure our development is compliant with 
national standards. DDOT is currently coordinating The Bus (Prince George County) 
team who is also in the process of electrifying its fleet and trying to find ways in which 
we can find ways to support each other through this transition. Currently, there are 
several positions opened within the DC Circulator and we are happy to work with the 
local government employment services to spread the word of these opportunities.  

  
 

8. Are there any bikeway improvements that will be constructed as part of the project? 
The District’s initial design includes frontage improvements around the property along 
both Sheriff Road and Claybrick Road that will benefit both pedestrians and bikers. 
During NEPA, we will work with the community, Prince George's County and the Town 
of Cheverly on potential additional non-motorized connections that can then be shared 
with the local transportation department. 

 
9. What can the District do to encourage the office employees to use metro to commute 

to the site? Can there be a shuttle bus or other transit benefits provided to 
employees?   
Yes, the District can work to encourage RATP DEV, the DC Circulator contractor, to 
provide transportation benefits to their employees. The District is willing to work with 
the contractor to add accommodations regarding commuting to the site, such as 
providing a shuttle to the metro station or additional incentives to carpool and bike to 
the site.  
 

10. What percentage of impervious cover is proposed versus what is allowed?   
Landscaping, screening, and buffering of development in the I-1 Zone shall be provided 
in accordance with the provisions of the Landscape Manual. In addition, the following 
applies:(1) At least ten percent (10%) of the net lot area shall be maintained as green 
area Maximum impervious area allowed is 90%. The proposed development is  11.12 
acres and of that 7.07 acres (65.5%) will be impervious cover and 4.05 acres (34.4%) will 
be pervious cover.  

 

11. Have you coordinated with Amazon to review their traffic study to see what can be 
done to mitigate impacts by operations from both projects?   

The approved Amazon Study was reviewed, and all intersections were found to operate 
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within County standards under future conditions. These intersections are anticipated to 
continue operating within County standards with the proposed DDOT-DMV Facility 
based on the limited peak hour trip generation associated with the proposed DDOT-
DMV Facility.  
 
With respect to future operations along Claybrick Road, improvements that include 
signalization of the Claybrick Road and Sheriff Road intersection and the installation of a 
150’ eastbound left-turn lane are currently under design. The Amazon Operational 
Study found that with these improvements the intersection will operate well within 
County standards. Similarly, the intersection is anticipated to operate well within  
County Standards with the additional trips generated by the proposed DDOT-DMV 
Facility. 
 
Please see table below summarizing peak hour trip generation of each project.   

  

 
  

The DDOT-DMV Facility is projected to generate minimal peak hour traffic without 
significant impact to conditions in the surrounding area and mitigation is not triggered.  

  
For reference, please find attached the following: 

o Exhibit B, showing the likely inbound peak hour trips and routes based on 
residence zip code; and  

o Exhibit C, showing the likely outbound peak hour trips and routes based on 
residence zip code.  

   
12. How is the current diesel fleet going to impact surrounding community from an 

environmental perspective?  
 
The current Circulator fleet is comprised of electric vehicles, clean diesel vehicles, and 
hybrid diesel-electric vehicles. When the facility is completed, less than half of the DC 
Circulator buses will be clean diesel vehicles and hybrid diesel-electric vehicles. Please 
note hybrid diesel-electric and clean diesel vehicles operate more efficiently than 
standard diesel buses, consume less fuel, and emit fewer emissions including particulate 
matter and greenhouse gasses. For further compliance and to better understand the 
impacts on the environment, the NEPA process will review air quality impacts for the 
area.  Last, a summary of the environmental benefits associated with the clean diesel, 
hybrid diesel, and electric busses is copied below. 
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13. Was the DMV Vehicle Road test included in the Traffic Impact Study?  
Yes, DMV road test was included in the traffic impact study. The trip generation 
projections have been revised to include the road tests. The revised trip generation 
is presented in table below. Please note the revision reflects the conservative 
assumption that the first two (2) tests of the day coincide with the morning peak hour. 
The daily trip generation revision also includes the 8 additional vehicles from the road 
tests on the surrounding network. As peak hour trip generation does not meet the 50 
peak hour trips threshold a full traffic analysis is not required under County guidelines.  
 
Please see table below with proposed trip generation.  
 

 
  

14. What is the potential route of DMV Vehicle Road Test?  
   CDL TEST ROUTE #1 

Exit CDL Testing Site, LEFT onto Claybrick Rd; RIGHT onto Sherriff Rd; LEFT onto Addison 
Rd; LEFT onto 704N MLK Jr Hwy; RIGHT exit ramp for 202N Cheverly; continue on 202N 
to LEFT exit ramp for 50E (Annapolis); continue on 50E to Exit 8 (704S MLK Jr Hwy – exit 
Glenarden); LEFT onto 704S MLK Jr Hwy; RIGHT onto Sherriff Rd, RIGHT onto Claybrick 
Rd; RIGHT into CDL Testing Site 
 
CDL TEST ROUTE #2 
Exit CDL Testing Site, LEFT onto Claybrick Rd; LEFT onto Sherriff Rd; LEFT onto Cabin 
Branch Rd; LEFT onto Columbia Park Rd; RIGHT onto 50E (Annapolis); to Exit 3B (202S 
Landover Rd); continue on 202S then bare RIGHT onto 704S (Seat Pleasant); RIGHT onto 
Columbia Park Rd; LEFT onto Cabin Branch Rd; RIGHT onto Sheriff Rd; RIGHT onto 
Claybrick Rd; RIGHT into CDL Testing Site. 
 
CDL TEST ROUTE #3 
Exit CDL Testing Site, LEFT onto Claybrick Rd; LEFT onto Sherriff Rd; LEFT onto 704E MLK 
Jr Hwy; RIGHT exit ramp for 202S Upper Marlboro; continue on 202S to 214W Central 
Ave; RIGHT onto Hill Rd; RIGHT onto 704N MLK Jr Hwy; LEFT onto Sherriff Rd; RIGHT 
onto Claybrick Rd; RIGHT into CDL Testing Site.  
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For reference, please find attached the following: 

o Exhibit D, showing the CDL routes  
 

 
 



EXHIBIT A



Origins of Driving Commuters 

Project Site

Source: DC Circulator Staff Data

Number of commuters from surrounding zip 
codes to project zip code

NOT TO SCALE

1-5 6-10 11-15 16-20 21-25

Prince George’s County Boundaries

DC Circulator Staff Residence Information:
35% DC
60% MD (45% Prince George’s County)
5% VA



EXHIBIT B



Cheverly
Amazon Delivery 

Station

3/1

A

A

C

B

A

A

A

A

D

D

A

A

U U

1" = 1,200'

Inbound Peak Hour Trips and Approved Amazon Study 
Total Future Conditions

Project Site
AM Peak 

Hour
PM Peak 

Hour

Peak Hour Level of 
Service

U
Future Unsignalized 
Intersection (within standards)

XX/XX
AM/PM Inbound
Peak Hour Trips

Trip Route

Note: Distribution based on existing staff zip codes.



EXHIBIT C



Cheverly
Amazon Delivery 

Station

1/3

A

A

C

B

A

A

A

A

D

D

A

A

U U

1" = 1,200'

Outbound Peak Hour Trips and Approved Amazon Study 
Total Future Conditions

Project Site
AM Peak 

Hour
PM Peak 

Hour

Peak Hour Level of 
Service

U
Future Unsignalized 
Intersection (within standards)

XX/XX
AM/PM Outbound
Peak Hour Trips

Trip Route

Note: Distribution based on existing staff zip codes.



EXHIBIT D



Potential CDL Road Test Routes
Project Site
Route 1
Route 2
Route 3 NOT TO SCALE

CDL Test Information:
• Appointment only
• 8 tests per day

 2 tests per time slots: 
      - 7:30 AM
      - 9:30 AM
      - 11:30 AM 
      - 2:00 PM



Liz Tuckermanty

1 Cheverly Circle 

Mount Hope Commission 

301-807-4256

9/20/2021

DocuSign Envelope ID: A0111CFA-DF04-4C27-8DAC-F423C8321E3D



 

Grant Request: 

The purpose of this grant program is to provide marketing and promotions assistance for events, 
services, programs or activities that address equity in the Town of Cheverly and contribute to the 
development and improvement of community relations.  

 

Background: The Mount Hope Commission was established in June 2020 when Cheverly’s Mayor and 
Town Council made history, with a unanimous vote for the immediate removal of the Cheverly Town 
seal. The seal, dating from the Town’s incorporation in 1931, featured Mount Hope, a former slave 
plantation. Our current Mayor Kayce Munyeneh, then Councilmember for Ward 4, along with former 
Councilmember Dana Hallman, led the community call for the seal’s removal, with the full support and 
testimony of the home’s current owners and longtime Cheverly residents, Liz Tuckermanty and Dale 
Manty.  

The three determined that Mount Hope should have a different meaning for the future, contrary to its 
previous symbolism of hate and white supremacy.  

The mission of the Mount Hope Commission is to facilitate community healing and reconciliation.  This 
will be achieved through uncovering, sharing and discussing the history of the indigenous peoples who 
first inhabited the land that is now the Town of Cheverly, the story of Mount Hope and the individuals 
who were enslaved there, and the stories of those impacted by the Town’s segregationist history and 
discriminatory practices. Through understanding and addressing past and present pain, reconciliation 
can begin and the hope of an inclusive community that embraces all Cheverly residents can be realized. 
The Mount Hope Commission envisions a community in which all are embraced, and none feel or 
experience discrimination.  Our vision is of a community that is hopeful and lifts itself and others up by 
providing fair and equal opportunities for engagement.  We envision that our community will be one 
that others aspire to become. 

DocuSign Envelope ID: A0111CFA-DF04-4C27-8DAC-F423C8321E3D



The Mount Hope Commissions through projects under its pillar committees. 
History Committee – This Committee will engage in a deep and wide exploration about the history of 
Mount Hope and Cheverly, the land where the town resides and its residents.  The History Committee 
will compile, and be the keepers of, the known and discovered history.  
 
Genealogy Committee – This Committee will discover the genealogy of the people enslaved at Mount 
Hope, as well as the native peoples displaced from the land, with the goal of locating living 
descendants.  The Genealogy Committee will compile, and be the keepers of, the known and discovered 
genealogy of the enslaved and native peoples. 
 
Truth and Reconciliation Committee – This committee will facilitate truth telling, reconciliation and a 
process for healing. 
 
Community Education and Outreach Committee—This committee will share the Commission’s work and 
findings through the development and delivery of educational materials and programs, communications 
via a variety of media, workshops, events and special programming. 

The Mount Hope Commission has started their strategic planning process and seeks to have the 
following impacts. 

a. All residents feel safe, diversity is honored, and the town is inclusive. 
b. Neighbors seek mediation to resolve conflict. 
c. Microaggressions, macroaggressions and privilege are understood. 
d. Residents understand the diverse expression of what it means to be in community. 
e. Residents reflect to each other and to our young people what it means to be a positive 

member of community. 
f. Residents, individually or collectively, have a safe place and process available to them to 

engage in difficult conversations. 
g. Residents communicate with empathy, reflectively, and less judgmentally, defensively 

and aggressively. 
h. Resident’s use active/radical listening when communicating. 
i. Town events reflect the Town’s diversity. 
j. Resident’s respect and protect the land that is now known as the Town of Cheverly. 
k. They do this as an act of gratitude to the land and all its past caretakers. 
l. Cheverly’s young people understand and can articulate the values of the MHC and it’s 

meaning to them and their community. 
m. People trust each other.  People are respected.  Residents are empathetic. People’s 

paths and journeys are respected. 
n. Issues and topics that have been driven underground are surfaced and addressed 

healthily and constructively. 
 

The request funds will go to the creation of our website, purchase of promotional materials to provide in 
the upcoming Cheverly Day Parade and cover the costs for speakers that will begin offering 
presentations to the community. 

DocuSign Envelope ID: A0111CFA-DF04-4C27-8DAC-F423C8321E3D
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I. Abstract 

Array seismology is a tool utilized to locate and identify the sources of ground waves. 

Though initially used to differentiate between waves emitted by nuclear explosions and 

those from earthquakes, seismological analysis has recently been able to identify sources 

of unusual seismicity as well as anthropogenic noise. In this study, I collected and 

analyzed seismic data to identify the source of distressing loud boom events reported by 

residents of the town of Cheverly, Maryland. Previous studies of similar booms led 

seismologists to identify local seismicity beneath Moodus, Connecticut. However, 

anthropogenic acoustic sources, such as the Carlsbad pipe explosion in 2002, can also 

produce seismic waves. Therefore, in this work, I carry out a suite of analyses to ascertain 

the severity of the reported booms and analyze their seismic signatures. I start by 

collecting descriptive survey data on boom occurrences in Cheverly, and translate them 

to a quantitative view through the modified Mercalli Intensity Scale. Based on this 

preliminary analysis, I formulate the hypothesis that the Cheverly booms are produced 

by local earthquakes. To test this hypothesis, I deployed an array of fifteen, three 

component seismometers, which recorded four reported booms. I analyze seismic 

records gathered by the array to identify the spectral characteristic of the waveforms 

associated with the Cheverly booms, and find that the waveforms are nearly 

indistinguishable from boom to boom, suggesting that they have a common origin and 

that they are co-located to within less than 25 meters distance. By analyzing the relative 

arrival times of the seismic waves across the array, I determine that the velocity of the 

waves is consistent with sound propagating in air and inconsistent with seismic waves 

traveling through the ground. Furthermore, I find that a source at the surface provides a 

better fit to the data than does a source at depth. Based on these findings, I reject my 

initial hypothesis, and formulate the hypothesis that the booms originate at a local 

recycling plant. I then use the relative arrival times of waveforms associated with the 

booms to locate their origin within Joseph Smith and Son’s Professional Services, and 

validate this location by performing a polarization analyses.  Finally, by considering the 

constraints of scope for this project’s analysis in contrast to the extensive data source, I 

explore possibilities for follow-up investigations.  
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II. Introduction 

Array Seismology 

Array seismology evolved in the 1960s primarily to identify nuclear detonations, with 

work focused on noise elimination and seismic signal maximization (Husebye and Ruud, 

1989). An array is composed of multiple seismometers, arranged with specific orientation 

and spacing. When discussing seismic arrays, this paper will use the terms “node” and 

“instrument” interchangeably to refer to an individual seismometer. Recordings from 

seismometers are filtered using low pass filters to suppress noise and isolate the source 

signals. 

 

Sounds Associated With Earthquake 

Observers of earthquakes often report hearing the event prior to feeling the vibrations. In 

his report of the 1906 California Earthquake, Lawson describes the common experience 

of hearing rumbling sounds in association with the earthquake (Lawson, 1908).  

However, these reports are largely descriptive in nature, and therefore, have scarce 

associated quantitative record.  

 

On the basis of prolific descriptive reports such as those of the 1906 California 

Earthquake, Hill et al. 1976, examined the potential of seismic activity of to produce 

audible sound prior to observable ground vibration. By comparing acoustic waves to 

seismic waves for three low magnitude, localized earthquakes, Hill et al. indicate 

consistency between spikes in acoustic recordings in the range of 50 Hz to 70 Hz and the 

arrival of P waves (Hill et al., 1976). P waves usually express less energy than S waves 

(Boatwright & Fletcher, 1984), and therefore, the ground vibration associated with P 

waves is likely more challenging for the lay observer to perceive.  Given that the 

perceptive hearing of humans ranges from 31 Hz to 17.6 kHz (Heffner, 2007), the findings 

of Hill et al. suggest that the sound waves produced upon P wave arrival are within a 

range perceivable by the human observer.  Therefore, the reports of sounds prior to the 

observation of earthquake ground vibration is a result of acoustic waves produced upon 

the arrival of P wave energy.  

 

III. Background 

Regional Overview  

Cheverly is a town located in Prince George's County, Maryland, adjacent to the 

northeastern border of Washington D.C. The town is 3.29 square kilometers in area with 

a population of 6,173 residents as reported by the 2010 U.S. Census (Town of Cheverly). 
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The town lies primarily on lower Cretaceous sand-gravel and silt-clay facies of the 

Potomac Group. The southwestern corner of the town lies on Quaternary Alluvium 

deposits (Glaser, 2003). See Figure 3.1 for a map of Cheverly.  

 

Problem Overview 

Since 2008, residents of the Town of 

Cheverly have reported loud events, 

referred to as booms due to their low-

pitched characteristics. These booms 

continue to disturb residents and 

concern local government. Because of 

heightened concern, the mayor of 

Cheverly, Mike Callaghan, contacted 

the University of Maryland 

Seismological Laboratory for 

consultation. 

 

Preliminary Surveys 

Loudness as well as geographic and 

time distribution of the Cheverly 

booms were interpreted with the use 

of an online reporting form for 

residents to report boom observations. From mid-December 2016 through March 2017, 

there were more than 190 submitted reports. Figure 3.2 shows a map of boom reports 

across Cheverly. Individual reports are color coded by their qualitative reported 

intensity. These preliminary data directed the placement of instruments across Cheverly. 

Furthermore, access to the online reporting tool by residents was available through the 

duration of seismic data collection. Reports submitted during the span of seismic data 

collection helped to screen data for boom occurrence. 

 
FIGURE 3.1 - The above map, adapted from the Greater 

Cheverly Sector Plan, developed by Prince Georges County 

Planning Department, shows the extent, and relative zoning of 

Cheverly, MD. 
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December 21st 2016 January 19th 2017 

  
January 31st 2017 March 21st 2017 

 

FIGURE 3.2: Distribution of boom events, as reported by the residents of Cheverly, MD from 

December 2016 – March 2017. The individual events are color coded by their reported loudness. 

 

Barely Audible    –    Deafeningly Loud 
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Event Intensity 

The Modified Mercalli Intensity Scale establishes a standard of evaluating earthquake 

intensity by the descriptive reports of observers. The following are the standards for an 

intensity II and Intensity III earthquake as set forth by Wood 1931: 

II. Felt indoors by few, especially on upper floors, or by sensitive, or nervous 

persons. Also, as in grade I, but often more noticeably: sometimes banging 

objects may swing, especially when delicately suspended; doors may 

swing, very slowly; sometimes birds, animals, reported uneasy or 

disturbed; sometimes dizziness or nausea experienced.  

III. Felt indoors by several, motion usually rapid vibration. Sometimes not 

recognized to be an earthquake at first. Duration estimated in some cases. 

Vibration like that due to passing of light, or lightly loaded trucks, or heavy 

trucks some distance away.  Hanging objects may swing slightly. 

Movements may be appreciable on upper levels of tall structures. Rocked 

standing motor cars slightly (Wood, 1931). 

  

Preliminary descriptive reports are congruent with the descriptions of low intensity 

earthquakes. Of the 190 residential reports from Cheverly Maryland, 78.4 percent 

reported objects such as windows and cabinets rattling. Of these reports, eleven 

descriptions explicitly compared the event to a truck or train collision. The recurring 

descriptions of houses shaking, windows rattling, alarms being set off, and objects 

vibrating are consistent with that of an event between II and II on the Modified Mercalli 

Intensity Scale. 

 

Objective 

Based on the preliminary reporting by residents, I find reports of Cheverly booms to be 

consistent with a seismic event of intensity II or II on the modified Mercalli Intensity scale. 

This project seeks to falsify the hypothesis that booms observed in Cheverly, Maryland 

are a manifestation of the P wave arrival from shallow, localized earthquakes. Evidence 

including inconsistent wave velocity, isometric first motion, and a shallow or surficial 

depth of origin will falsify the hypothesis. Should the initial hypothesis be falsified, the 

project will view data through the lens of a secondary hypothesis. This secondary 

hypothesis is that booms found not to be seismic in nature, originate from industrial 

recycling facilities located within 2000 meters to the south west of Cheverly. 
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IV. Experiment Design 

Deployment 

Twenty-two seismic nodes, divided into two sub-arrays, were deployed throughout 

Cheverly, Maryland. Sub-array 1, consisting of fifteen nodes, acquired data for thirty-five 

days, from March 22nd 2017 through April 26th 2017. Sub-array 2, consisting of seven 

nodes placed redundantly at sites of Sub-array 1, acquired data from March 22nd through 

April 5th. The fourteen days of continuous seismic data collected by sub-array 2 was used 

as a trial set for preliminary analysis. Due to redundancy of data, this paper will not 

discuss data collected by sub-array 2.  

 

Deployment was accomplished with assistance from the following members of the 

University of Maryland Seismological Laboratory: Scott Burdick Ph.D., Erin 

Cunningham, and Phillip Goodling. For deployment, instruments were buried in holes 

of approximately fifteen centimeters width and thirty centimeters depth. Nodes were 

oriented with their north-south component due north for the sake of consistent 

directional interpretation. 

 

 Instrumentation 

This project used Fairfield Nodal - ZLand 3C seismic nodes to acquire seismic data. These 

instruments are three channel seismometers, which record ground vibrations in two 

orthogonal horizontal and one vertical directions, by means of three geophones. An 

individual data set is recorded for each direction of vibration, as such, I will use the term 

“component” in reference to the data provided by a single geophone within the 

seismometer.  

 

Data are sampled at an interval of two milliseconds, with a timing accuracy of ± 10 

microseconds. The ZLand 3C is a cordless unit, which records continuous data for up to 

thirty-five days, maintaining timing accuracy via GPS satellites, even when buried. A 

Hand Held Transmitter (HHT) loads specific data collection schemes onto each 

instrument. Data acquisition commences only once the node passes three deployment 

tests: an impedance test, a step test, and a resistance test. Prior to data acquisition, each 

instrument records the coordinates of the deployment location via GPS satellites.  
 

Array Orientation 

Deployment locations were selected based on the following factors: concentration of 

event reports, distance from main roads, railroads, and other high traffic features, 
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distance of separation between individual nodes, and permission of the property owner 

of the desired location.  

 

Residential reports indicated booms to be audible, thereby implying that events must 

occur within low frequencies of approximately 20 Hz to 200 Hz. Under the assumption 

of a P wave velocity through sand/silt facies of approximately 2000 m/s (Bourbie et al., 

1987), the maximum wavelength expected was 100 meters. This wavelength was 

accommodated by arranging each node of the array with an irregular spacing of 

approximately 100 meters.  

  

The ability to determine slowness vector (angle of incidence) and back azimuth depends 

on observation of different arrival times of the wave front to individual seismometers 

(Rost and Thomas, 2002). A linear arrangement of nodes enables clear observation of 

apparent velocity, should the wave propagate parallel to the trend of the array (Rost and 

Thomas, 2002). However, should the wave propagate perpendicular to the linear array, 

apparent velocity would be impossible to discern, as arrival times at each node would be 

simultaneous. As such, the array contained an arrangement of two, crossing lineations, 

such that waves propagating from any direction would experience different arrival times 

at each seismometer.  

 

Array Geometry 

To maximize the arrival time difference and to accommodate the north and south foci of 

reports, I arranged the array to form three linear segments. One linear arrangement, 

referred to as Line 1, contained nodes 1 through 6, which extend from the southern extent 

of Cheverly to the northern extent. Two separate linear arrangements, referred to as Line 

2 and Line 3, contained nodes 7 through 10, and 11 through 15, respectively. Line 2 

crossed Line 1 at a near perpendicular angle in the southern extent of Cheverly, and Line 

3 crossed Line 1 at a near perpendicular angle in the northern extent of Cheverly. The 

distribution of deployment locations across Cheverly is displayed in Figure 4.1.  

 

The majority of property in Cheverly Maryland is privately owned, requiring the 

permission of each property owner for deployment. With the assistance of the mayor of 

Cheverly, permission was requested from the property owner of each desired location. 

Only three locations were adjusted to adjacent properties due to unwillingness of the 

property owner to host a seismometer.   
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Each node was connected to the Hand Held 

Transmitter in order to initiate deployment tests; 

upon the condition that the node passed all 

deployment tests, data acquisition commenced. 

Seismometers were retrieved at the end of the 

deployment duration and continuous data 

harvested. 

 

V. Methods of Analysis 

Analysis of collected seismic data consists of two 

processes, event identification and calculation of 

event source location. The data are continuous and 

span a duration of multiple weeks. Mere data 

quantity encumbered computer programs utilized 

for analysis such as Python and MATLAB. In 

order to identify windows of interest, residential 

boom reports were viewed in parallel to seismic 

data.  

 

Event Identification 

The first of these steps is event identification; the screening and filtering of the seismic 

record in comparison with residential reports, in order to identify the occurrence of an 

event. Event identification involves plotting vertical component seismograms from each 

of the fifteen nodes across the array and creating time-frequency spectrograms. I apply 

sixth order low pass filters, at 50 and 100 Hz, through which any boom signatures can be 

seen within seismograms. Booms are initially identified when an anomalous, isolated, 

and coherent wave is observed across the array at the time targeted by residential reports.  

 

After initially identifying a boom within the seismograms, I created spectrograms to 

express signal power across the range of filtered frequencies for the given window of 

interest. These visualizing these spectrograms enables quick comprehension of peak 

frequencies and event timing. Booms are confirmed when an isolated, low frequency 

burst was observed at the target time identified within seismograms.  

 

 

 

 
FIGURE 4.1 - This map shows the 16 

deployment locations of seismic nodes. Six of 

these locations contained two nodes, one from 

the sample group and one from the full 

duration group. These locations express a 

blue and a green triangle 
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Event Location 

The propagation of a wave can be defined by two parameters: the vertical incident angle 

(slowness vector), i, and the back azimuth θ. (Rost and Thomas., 2002). These parameters 

are illustrated in Figure 5.1, adapted from Rost and Thomas, 2002. The first stage of 

identifying event location involves the calculation of back azimuth θ as an aggregation 

of instantaneous particle motion strike calculations.  

 

I evaluate three-dimensional particle 

motion at each station, during the wave 

onset interval by using instantaneous 

polarization analysis. For the purpose of 

this paper, the term wave onset interval 

will refer to the duration within the 

seismic record between the wave arrival, 

and moment of maximized phase 

envelope. The phase envelope, which 

describes the compounded wave 

amplitudes from each component, is 

crucial in identifying time frames in 

which signal to noise ratios are 

maximized and waveform most isolated 

for analysis. The interval from wave 

onset to maximized envelope has been 

chosen for analysis in order to limit the 

influence of sound reverberation. As 

residents report audible observations of 

booms, we can infer that booms involve 

the propagation of sound waves 

accompanied by multi-directional 

reverberation from echoes. The 

identified wave onset interval has been 

chosen as the primary scope of particle 

motion analysis in order to minimize the 

influence of these reverberations within 

estimation of source direction.  

 

 

Figure 5.1 - Adapted from Rost 2002. Vertical and 

Horizontal components of a wave as they relate to node 

placement within an array. 
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This project follows the instantaneous polarization methods of Morozov and Smithson, 

2008. This method calculates the strike of particle motion in accordance to sampling 

frequency, which, in the circumstance of this experiment, is every 2 milliseconds. This 

method provides two calculated back azimuths, one appropriate for when particle 

motion is primarily linear, and one for when particle motion is primarily elliptical. The 

orientation of these back azimuths are referred to as Strike A and Strike P respectively. 

This paper has utilized Strike P for aggregated back azimuth plots, as I found particle 

motion to have elevated ellipticity during moment of maximum phase envelope. An 

expression of this ellipticity is seen within Figure 5.9. This figure first plots the three 

component particle motion with respect to time as shown by color. It then plots the 

combined phase envelope verses time. Finally, the figure expresses calculated ellipticity, 

which is seen to maintain high values during and just after the phase envelope is 

maximized.  

 

I represent the set of calculated back azimuths as a plot of vectors, with direction 

determined by calculated strike, and magnitude determined by density of back azimuths 

occurring within a bin range of (+/-) three degrees. Through this method, mean back 

azimuth and variance are represented for each station. I then view distribution of back 

azimuths for each station across the array in order to project a generalized direction to 

possible source locations. This method lacks precision to isolate source location alone, 

however, it constrains direction to source, thereby verifying or rejecting results from 

further location analysis.  

 

Determination of event source location requires the manual picking of wave front, or 

phase, arrival times within the seismic record of each station. Following procedures of 

Diehl & Kissling 2002, phase arrival is defined as a change primary amplitude beyond 

that of background noise (ASNR), or a change in dominant frequency in contrast to that 

of background noise (FSNR). By defining known node locations associated with arrival 

times, apparent wave velocity across the array is calculated (Rost and Thomas, 2002). The 

triangulation of these velocity vectors identifies a point of origin. 
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VI. Presentation of Data 

Review of the 35 day seismic record observed of four booms. Each was reported by more 

than six residents, with consistent timing between reports. These events occurred on 

April 2 at 6:17 UTC, April 9 at 12:50 UTC, April 14 at 7:09 UTC, and April 24 at 3:47 UTC. 

Additionally, an earthquake, occurring on March 29th at 4:09 UTC, was used for the 

analysis of uncertainty.  

 

Event Identification By Seismogram 

Seismic data from the deployed array were windowed to timeframes enveloping the time 

reported by residents. A sixth-order low pass filter at 100 Hz was applied to the data of 

each targeted timeframe. When seismograms of each station are plotted, we see a distinct, 

coherent waveform recorded across the array.  

 

Data for the April 2nd event were taken from a trace which began at 06:00 UTC. Figure 6.1 

shows a 20 second segment of this trace with the vertical-component from each of the 15 

stations plotted. The waveform’s arrival at the first station is seen at 1022 seconds on the 

trace, or 06:17:02 UTC. This is precisely when residents identified a boom to have 

occurred. Therefore, a 500 second target window from 750s to 1050s was for further 

spectrogram analysis. 

 

Data for the April 9th event were taken from a trace with start time of 0:00 UTC. When 

windowed to view the reported time, a coherent waveform is seen across all stations. 

Plots of the amplitude of vertical vibration from each of the 15 stations can be seen in 

Figure 6.2. With a first arrival time of 46170 seconds, or 12:49:30 UTC, this signal occurs 

within 30 seconds of the reported boom time given by residents. Consistency in timing 

and the coherency in waveform guided the selection of a 500 second target window from 

45900 seconds to 46400 seconds for spectrogram verification.  

 

Seismic recordings for the event reported on April 14th begin at 06:30 UTC April 14th. By 

filtering as described with the previous events, and windowing to the timeframe directly 

before and after the targeted time of 7:09 UTC, a waveform is observable across all 

stations in the array. Within the vertical components of all stations, plotted in Figure 6.3, 

this waveform is observed to have a first arrival time of 2208 seconds, or 7:06:48 UTC 

which places the arrival time is within three minutes of the residential reported time. This 

project considers a variance of three minutes to be well within the uncertainty of 

residential reports given the early hour of the morning and lack of precision in residential 
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time recording. To verify this event, a 500 second target window from 2000 seconds to 

2500 seconds was defined for the plotting of a spectrograms. 

 

The data evaluated for the final event, reported on April 24th, are taken from a trace 

which begins at 0:00 UTC April 24. After appropriate windowing and filtering as 

described in previous events, a coherent wave is seen across all stations. The vertical 

components of the fifteen deployed stations are plotted in Figure 6.4. These vertical 

vibrations express a first wave onset time of 13679 seconds, or 03:47:52 UTC. Given the 

consistency to within three minutes of residential reports, a 500 second target window 

from of 13450 seconds to 13950 seconds is selected for the verification of this event by 

spectrograms. 

 
Figure 6.1: The above seismogram plots the vertical component of each of the fifteen deployed stations. 

A coherent wave is seen arriving at 1022s. The picked arrival times at each station are marked in red. 
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Figure 6.2: The above seismogram plots the vertical component of each of the fifteen deployed stations. 

A coherent wave is seen arriving at 46170s. The picked arrival times at each station are marked in red. 

 
Figure 6.3: The above seismogram plots the vertical component of each of the fifteen deployed stations. 

A coherent wave is seen arriving at 2208s. The picked arrival times at each station are marked in red. 
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Figure 6.4: The above seismogram plots the vertical component of each of the fifteen deployed stations. 

A coherent wave is seen arriving at 13679s. The picked arrival times at each station are marked in red. 

 

Event Confirmation by Time-Frequency Analysis 

The events identified within seismograms are analyzed using spectrograms. This method 

of plotting signal power across a range of frequencies with respect to time enables visual 

interpretation of the character and nature of a signal. These signatures may not be evident 

in the timeseries themselves due to signals at some frequencies drowning out those at 

other frequencies. Figures 6.5, 6.6, 6.7, and 6.8 show the spectrograms for the events of 

April 2nd, April 9th, April 14th, and April 24th respectively. Each spectrogram is color 

coded with respect to recorded vibrational power at the given time for the associated 

frequency, with blue expressing less spectral power, and yellow expressing greater 

spectral power. Figures 6.5-6.8 also contain a representative seismogram above the 

spectrograms for the sake of timing comparison. Within each spectrogram, we see an 

anomalous burst in low frequency energy, with maximum spectral power at 7 Hz, 

occurring at the precise time of the waveform’s arrival in the seismograms. These 

anomalous bursts are circled in red within each spectrogram.  
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Figure 6.6: The above spectrogram for April 9th, color coded according to signal power, sees a low 

frequency burst at 46170s, aligning with residential reports and confirming the event. 

 

 
Figure 6.5: The above spectrogram for April 2nd, color coded according to signal power, sees a low frequency 

burst at 1022s, aligning with residential reports and confirming the event. 
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Figure 6.7: The above spectrogram for April 14th, color coded according to signal power, sees a low 

frequency burst at 2208s, aligning with residential reports and confirming the event. 

 
Figure 6.8: The above spectrogram for April 24th, color coded according to signal power, sees a low 

frequency burst at 13679s, aligning with residential reports and confirming the event. 
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Direction to Source by Polarization  

As stated in methods, I use calculated back azimuth appropriate for intervals of elliptical 

particle motion. Though waveforms expressed linear tendencies within preliminary 

onset, notable ellipticity is present during moment of maximized envelope and the 

duration directly following. Figure 6.9 shows the plots waveform amplitude of each 

component, phase envelope, and ellipticity of station 7 for the April 9th. This plot sees 

ellipticity stabilize during and slightly after the moment of phase envelope maximization, 

thereby supporting my use of strikes appropriate for ellipticity. In order minimize the 

effect of noise upon the back azimuth analysis, I calculate back azimuths starting .1 

seconds prior to the maximized envelope and ending .15 seconds after the moment of 

maximized envelope at each stations for all events.  

 

When the plots of back azimuth vectors, formed as described in the methods, are placed 

at their respective station’s coordinates, the viewer is able to interpret 2 dimensional 

direction to source. Figures 6.11, 6.12, 6.13, and 6.14 contain these aggregated back 

azimuth array plots for the April 2nd, April 9th, April 14th, and April 24 events 

respectively.  

 

During onset, there is general agreement of mean back azimuths between stations. A 

general trend to the southwest is observed. However, mean back azimuths vary with time 

and geographic distribution, with greatest variance seen in stations 3, 4, 12, and 13. 

Uncertainties routed in alignment will be discussed in Section 7. Even when including 

variance of these four stations, a dominant back azimuth is still observed. Uniformity of 

back azimuths, especially at stations 5, 10, and 14 constrain the direction to source from -

100 degrees to -145 degrees.   
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Figure 6.9: Waveform amplitude of each component during wave onset seen with East -West 

component as black, North-South Component as red, and Up-Down component as blue (top). 

Phase envelope, derived from aggregated amplitudes, shows maximization during period of 

highest signal to noise ratio (middle). Ellipticity is seen to maintain high values of greater 

stability slightly after moment of maximum phase envelope (bottom).  
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Figure 6.11: The above map plotted back azimuths at each station for the April 2nd event. Azimuths are 

color coded by time with blue vectors plotted from the initial onset and yellow vectors from the termination 

of onset at the point of maximized amplitude.  Stations are numbered. Note greater variance in Stations 3, 

4, 12 and 13. This variance will be resolved in Section 7.  
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Figure 6.12: Instantaneous back azimuths at each station for April 9th. Azimuths are color coded by 

time with blue vectors plotted from the initial onset and yellow vectors from just past the point of 

maximized envelope. Stations with greatest variance remain stations 3, 4, 12 and 13.   
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Figure 6.13: Instantaneous back azimuths from point of maximum envelope for April 14th. 

Variance is seen in northernmost stations with agreement of a southwest strike in southern 

stations.  
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Figure 6.14: Back azimuths plotted across the array from the April 24th event. Agreement of 

a southwest strike is seen across stations with a variance in stations 3, 4, 12, and 13. 

 

Source Location by Wave Arrival Time 

Picking of wave onset times was guided by the best practices set forth by Deihl and 

Kooper, 2000, with changes in dominant FSNR and ASNR directing consistent wave 

onset time picking. Wave arrivals were noted to exhibit increases in dominant frequency 

and wave amplitude, as well as a consistent positive first motion. The seismograms 

plotted in Figures 6.1, 6.2, 6.3, and 6.4 contain red markers at the picked time of wave 

onset for each of the fifteen stations. A table of picked arrival times for all events can also 

be found within Section A of the Appendix.   
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Through the triangulation of apparent velocity vectors for these picked onset times, 

source location confidence contour maps were created. Contour confidence area was 

minimized with a wave velocity magnitude of 340 meters per second, thereby indicating 

a sound wave. Figures 6.15a, 6.16a, 6.17a, and 6.18a show the generated contour maps for 

the April 2nd, April 9th, April 14th, and April 24th events, respectively.  In these maps, 

contours are shaded with a color scheme that increases in confidence from yellow to 

black, Nodes are shown as magenta triangles, and calculated source location is shown as 

a green star.  

 

On the basis of this analysis, source location for the April 2nd event has been calculated to 

be 332843.31 meters Easting, 4309127.93 meters Northing or Latitude and Longitude of 

(38.9151, -76.9280). This location in relation to the seismic array is seen in Figure 6.15a. 

Figure 6.15b expresses the associated misfit function which formulates regression 

variance for a range of source depths. When run for depths ranging from 0 to 2000 meters, 

with a 50 meter calculation interval, the misfit is minimized at 0 meters, indicating a 

source at depth 0.    

   

As seen in Figure 6.16a, the April 9th event was calculated to be sourced at the location 

332823.31 meters Easting, 4309139.93 meters Northing or Latitude and Longitude of 

(38.9153, -76.9283). Figure 6.16b expresses the associated misfit function for April 9th 

when run for depths ranging from 0 to 2000 meters, with a 50 meter calculation interval. 

The misfit is minimized at 0 meters, indicating a source at depth 0.    

 

The April 14th event was determined to have a source location of 332865.31 meters 

Easting, 4309189.93 meters Northing, or (Latitude, Longitude) of (38.9157, -76.9278). This 

location in relation to the seismic array is seen in Figure 6.17a. Figure 6.17b expresses the 

associated misfit function for April 14th when run for a depth range of 0 to 2000 meters, 

with a 50 meter calculation interval. Again, the misfit is minimized at 0 meters, indicating 

a surficial source.    

 

Figure 6.18a plots source location in relation to the seismic array for the April 24th event. 

This event was calculated to have a source location of 332855.31 Easting, 4309167.93 

Northing, or Latitude Longitude of (38.9155, -76.9279). Figure 6.18b shows the associated 

misfit function with the same depth parameters as all other event and similarly, 

expressing a minimized regression variance at a depth of zero.   
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Figure 6.15a: The above confidence contour map shows calculated location with respect to the array 

location. Confidence intervals are color coded, nodes appear as magenta triangles, and the most confident 

source location is indicated by a green triangle.  
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Figure 6.15b: April 2 Misfit – The above plots show that regression variance is minimized with a source 

depth of 0 meters, indicating a surficial source. 
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Figure 6.16a: The above confidence contour map shows calculated source location with respect to the array 

location. Confidence intervals are color coded, nodes appear as magenta triangles, and the most confident 

source location is indicated by a green triangle.  
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Figure 6.16b: April 9th Misfit – The above plots show that regression variance is minimized with a source 

depth of 0 meters, indicating a surficial source. 
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Figure 6.17a: The above confidence contour map shows calculated source location with respect to the array 

location. Confidence intervals are color coded, nodes appear as magenta triangles, and the most confident 

source location is indicated by a green triangle.  
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Figure 6.17b: April 14th Misfit – The above plots show that regression variance is minimized with a source 

depth of 0 meters, indicating a surficial source. 
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Figure 6.18a: The above confidence contour map shows calculated source location with 

respect to the array location. Confidence intervals are color coded, nodes appear as 

magenta triangles, and the most confident source location is indicated by a green triangle. 
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Figure 6.18b: April 24th Misfit – The above plots show that regression variance is 

minimized with a source depth of 0 meters, indicating a surficial source. 

 

 

VII. Analysis of Uncertainty 

 

Uncertainty of Measurement 

Uncertainty within this project will be viewed in two regards, causes of uncertainty 

within data measurement and uncertainty within source location estimation. The first 

variability inducing factor of this experiment occurred within node deployment. Nodes 

must be oriented consistently with azimuth 0 such that components recording orthogonal 

vibration are aligned with  X, Y, and Z axis. Field deployment utilized cell phone 

compasses, and as such, orientation angles are not considered precise or consistent. This 

factor propagated uncertainty within back azimuth calculations.  

 

The other drivers of variability is wave onset time picking. Time of day and strength of 

event greatly influenced the uncertainty in picking of wave onset arrival times. Signal 
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strength is the characteristic which ASNR methods distinguish wave onset, and therefore, 

strong events see a more noticeable onset over ambient noise. Furthermore, cultural noise 

increases during the day hours, and causes greater ambient noise across frequencies, 

decreasing the observed signal to noise ratio. 

 

 Given these considerations, strong events, as seen in the spectrograms, that occur late at 

night or early in the morning, are likely to have least uncertainty in wave onset arrival 

time picking. The wave onset arrival time picks of the April 24th event are likely to contain 

less uncertainty due to its higher power, its wider range of frequencies, and the late hour 

of which it occurred. The April 2nd event contains the most uncertainty purely due to the 

weakness of signal and limited breadth of emitted frequencies, as seen in Figure 6.5. 

Stacked seismograms were utilized to compare waveforms between events in order to 

further ensure the consistency of onset times picked. The impact of these seismograms, 

seen in Figure 8.3, is discussed in Section 8. 

 

Uncertainty of Results 

The output provided by analysis have two types of uncertainty. The first of these, 

uncertainty in back azimuth calculations, was driven by the high frequency of data, is 

seen in Figure 7.1. This plot shows the distribution of back azimuths calculated for station 

7 for the April 9th event. The plotted rose diagram shows dominant back azimuths by 

vector count and variability among measurement. Due to the high frequency of events, 

no filter could perfectly isolate the signal from high frequency cultural noise. This 

ambiance of high frequency noise added variability to each calculated back azimuth.  

 

As a means of calibration, polarization back azimuths were calculated for the Kamchatka 

earthquake of March 29th. This event has a known epicenter at (56.938, 162.786) and as 

such, all back azimuths should align with the heading from Cheverly to Kamchatka, 

approximately -82 degrees. However, as seen in Figure 7.2, this is not true for all stations. 

Stations 3, 4, 12 and 13 vary the greatest from the true back azimuth, by up to 30 degrees. 

Measurements from these stations are considered to have the most uncertainty; through 

this confirmation of misalignment, calibration by the known Kamchatka earthquake 

serves to explain the greatest variability seen in back azimuth calculations as an error in 

data collection rather than analysis. Overall, dominant trends in back azimuth across the 

array align with true azimuth of -82 degrees. Therefore, the array maintains effectiveness 

in its ability to determine direction to source in spite of the misalignment of four stations.  
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Regardless of waveform similarity and consistency of onset arrival time picking, variance 

still exists within resultant source locations. Resultant source locations contained a 

standard deviation of 18 meters in UTM Easting and 25 meters in UTM Northing.  

 

 

 
Figure 7.1: Polarization data for station 7, April 9th event. Seismogram (top) shows the selected onset 

interval for the calculation of back azimuths. Vector plot (left) expresses each calculated back azimuth as a 

vector of number of similar back azimuths, as well as color by time. The rose diagram (right) shows the 

distribution of back azimuths into 24 bins of 15 degrees each. A mean back azimuth of -125 (+/- 5) and its 

linear reciprocal are evident.   
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March 29th: Kamchatka Earthquake Polarizations 

 

Figure 7.2: The above plot of aggregated back azimuths from the Kamchatka Earthquake of March 29th 

show a agreement across stations in back azimuth with major variance limited to four stations. Stations 

3, 4, 12 and 13, covered by red X, demonstrate misalignment upon deployment due to their inconsistent 

back azimuths.  

 

VIII. Discussion of Results 

This project shows that seismic records are consistent to residential reports, as an 

anomalous, isolated burst in low frequency energy is observed for each reported event 

time. Furthermore, the plotting of vertical components from each of the 15 stations for all 

events, as seen in Figure 8.1, shows identical order of arrival across events. Furthermore, 

when equalized for time such that phase onset is plotted at t=0, as seen in Figure 8.2, 

signals across events are seen to have congruent waveform with a consistent positive first 

motion. This phase arrival consistency, compounded with congruent waveform between 

events, and maximum spectral power of 7 Hz, is compelling evidence that all events 

originate from the same source. 
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Figure 8.1: The above plot exhibits the superposition of seismograms for all events with normalized amplitude for 

the comparison of arrival order. Seismograms of the April 2nd event are shown in black, the April 9th event are shown 

in red, the April 14th event are shown in green and the April 24th event are shown in Green.  
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Figure 8.2: The above stacked seismograms demonstrate the congruence of waveform across events. Stations 1-15 

are plotted from top to bottom with April 2nd, 9th, 14th, and 24th events in black, red, blue, and green respectively. 

Wave form is seen to maintain consistency between events, indicating singularity of source. 
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The evaluation of source location finds agreement between particle polarization during 

wave onset, and source locations calculated on the basis of arrival times.  The compilation 

of these source locations results in a mean source location of 332846.81 meters Easting, 

4309156.43 meters Northing or coordinates (38.9154, -76.9279).  

 

Figure 8.3 Shows the mean source location plotted relative to local geography with the 

town of Cheverly identifiable in the upper right and the mean source location shown as 

a green circle. This mean point of origin is found to reside beyond the residential bounds 

of the Town of Cheverly as identified within zoning by the Prince George’s Planning 

Department. When all events are plotted relative to geography with events as yellow 

circles and mean as a green circle as seen in Figure 8.4, all events are found to reside 

within one property. This property belongs to the scrap and recycling company of Joseph 

Smith and Sons Inc – Professional Services, of Capitol Heights, MD.  

 

 
Figure 8.3: Mean source location plotted as a green circle shows booms to be emitted from beyond the 

residential bounds of Cheverly.  



 

39 
 

 

 
Figure 8.4: The origin of all events plotted as yellow circles with the mean as a green circle. The origin of 

all events are found to reside within the bounds of Joseph Smith and Son’s – Professional Services Inc. 

This plot exhibits the precision of location estimations, driven by consistency in time picking methods. 

 

IX. Suggestions of Future Work 

The data collected for this project have great potential as they are expansive and unique 

in nature. The reduced aperture of the array enables greater visibility of high frequency 

noise. Prominent signatures of planes, trains, and automobiles were observed throughout 

the seismic record, the high frequency visibility may lend to the formal characterization 

of these sources of cultural noise. Fuchs et al 2017, have already commenced a similar 

study on train induced vibration. Studies of the same nature will but directed towards 

other sources of cultural noise such as cars, will be possible. 

 

Additionally, there is a possibility for cross correlation analysis, in which more expansive 

durations of the seismic record are screened for the signature of a boom. This follow up 
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would leverage the congruence of waveforms between events in order to identify 

possibly unreported booms. Such an analysis may shed light on periodicity of events.   

 

Finally, similar arrays have been and are currently deployed by the University of 

Maryland Seismological Laboratory for the evaluation of hydrologic systems. The data 

recorded by this project’s array may be viewed in parallel to other arrays for a wider 

geographic distribution of nodes.      

 

X. Conclusions 

There is startling consistency between the arrival time, waveform, and spectral character 

of each of the four observed events. The congruency of waveform and arrival time within 

seismograms are early indicators that all four events originated from the same source. 

Strong waveform similarity has been used to indicate source locations within ¼ of the 

dominant wavelength (e.g. Geller & Mueller, 1980). Given dominant period of 1/7 s and 

wavespeed of ~340m/s, this would indicate source locations less than 12 meters removed 

of one another.  

 

Polarization analysis provides guiding direction to source, with consistent back azimuth 

calculations to the south south-west of Cheverly. Though uncertainty in the alignment of 

seismometers proves too great to pinpoint location on the basis of calculated back 

azimuth alone, calibration with the known seismic event on March 29th validate the 

generalized back azimuth ranging from -120 to -165 degrees.   

 

The results of location by time picking analysis are inconsistent with the propagation of 

ground waves. Such activity would be expected at to originate at depth with propagation 

speed of at least 2000m/s (Bourbie et al., 1987), however all misfit functions are minimized 

at the surface, and optimized wave velocity is found to be 340 m/s. Furthermore, identical 

positive first motion across the array are inconsistent with the asymmetric displacement 

associated with slip, and more consistent with an isometric sound event. Given these 

considerations, the initial hypothesis that Cheverly booms are the manifestation of low 

magnitude shallow seismic activity is rejected on account of surficial source depth, 

inconsistent wave velocity, and isometric first motion. 

 

Wave onset time picking methods for each event indicate consistent source location at 

within 1500 meters of Cheverly at an azimuth of -134 (± 10) degrees. Consistent phase 

arrival picking drove limited variance within location results, ultimately yielding a mean 
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source location at coordinates (38.9154, -76.9279). Mean source location, as well as all 

calculated source locations were found to reside within the bounds of Joseph Smith & 

Sons – professional services.  

 

Surficial source depth, wave velocity aligning with that of a sound wave propagating 

through air, and isometric first motions seen in seismograms are consistent with sound 

emitted by a human driven source. Congruence of waveform across events compounded 

with the agreement between polarization analysis and arrival time based locating 

methods provide a well constrained source location with little variance. Given that results 

from all methods of analysis are consistent with an anthropogenic sound originating from 

the recycling facility to the southwest of Cheverly, the secondary hypothesis unable to be 

falsified. The compelling nature of the presented evidence motivates this paper to advise 

that the Town of Cheverly investigate the operations of Joseph Smith and Son’s – 

Professional Services of Capitol Heights, Maryland, in order to resolve noise 

disturbances. 
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Appendix 

Section A 

 

Picked Wave Arrival Times in Seconds 

Station April 2nd April 9th April 14th  April 24th 

1 1023.265645 46171.36078 2208.873881 13680.10239 

2 1023.630532 46171.72086 2209.230006 13680.45998 

3 1024.622858 46172.69031 2210.189566 13681.43319 

4 1025.101793 46173.17227 2210.677589 13681.91792 

5 1024.123249 46172.12249 2209.625701 13680.85523 

6 1022.4866 46170.5769 2208.095682 13679.31525 

7 1022.834603 46170.92591 2208.432022 13679.66203 

8 1023.130923 46171.22782 2208.751875 13679.97151 

9 1023.70978 46171.80118 2209.312443 13680.54201 

10 1024.243844 46172.32746 2209.831315 13681.0715 

11 1024.516045 46172.59613 2210.110134 13681.33997 

12 1024.843374 46172.92852 2210.432976 13681.67183 

13 1025.187932 46173.27198 2210.766824 13682.01487 

14 1024.102576 46172.16957 2209.688353 13680.92235 

15 1022.293648 46170.4024 2207.934106 13679.14746 
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Appendix 

 

 

Section B 

 

 

Honor Code: 

 

I pledge on my honor that I have not given or received any unauthorized assistance on 

this assignment.  

 

 

 

 

 

 

Signature:  

 

 

Date: 11/22/2017 
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