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ABSTRACT 
This report presents the results of a geophysical survey of a portion of the historic 1857 Manchester 
Municipal Cemetery, a 1.2-acre lot located adjacent to, and north of Wise Street, in the Manchester 
District in the City of Richmond, Virginia. The survey area is a suspected 19th-century cemetery associated 
with the City of Manchester. There are no records of who is buried at this location, but it is believed the 
site contains the remains of private citizens as well as deceased soldiers from military hospitals located in 
the area. The City of Richmond owns the property and serves as a gas booster and storage facility. A chain-
link and barbed-wire fence fully encloses it. Aside from structures associated with the gas booster facility 
(i.e., transformers, shipping container, natural gas pipes, and treated power poles), the area was well-
groomed grass and had few impediments. No extant grave markers were noted within the survey area. 
TerraSearch, under contract with the City of Richmond, conducted a non-invasive geophysical survey of 
approximately 1.28 acres of the substation lot and a portion of Wise Street.  
 
The survey, conducted in March of 2025, included meticulous documentation, mapping, and a 
comprehensive geophysical study of the lot. The aim was to identify potential unmarked burials through 
a non-invasive geophysical survey, with the express intent of delineating the boundaries based on the 
results. The geophysical methodologies employed by TerraSearch entailed a systematic, gridded ground-
penetrating radar (GPR) survey of the enclosed lot. Before conducting geophysical work, the team 
conducted an extensive pedestrian survey of the site to evaluate the existing evidence of potential burials, 
including stone grave markers, areas of grave subsidence, and invasive memorial vegetation.   
 
Following best practices for cemetery surveys using non-invasive geophysical techniques, TerraSearch 
established systematic grids for data collection. The grids were formulated to be perpendicular to 
potential interments. Eight GPR grids were employed, encompassing approximately 4856.23 m² (52272.02 
ft²), and 792 individual transects were collected and analyzed during this survey. 
 
The GPR survey results and subsequent analyses identified 742 potential unmarked graves in the cemetery 
(and likely more). Although all of the burials found were unmarked, the geophysical features identified 
throughout the cemetery displayed forensic evidence consistent with human interments and appeared 
unrelated to any other indication of burial, such as fieldstone or grave markers. While every effort has 
been made to identify features of interest through GPR, these methods are not foolproof and should be 
ground-truthed to verify the interpretations.   
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ii 
 

 
 

TABLE OF CONTENTS 
 
Abstract ............................................................................................................................................. i 
TABLE OF CONTENTS ............................................................................................................................... ii 
LIST OF FIGURES .................................................................................................................................... iii 
LIST OF TABLES .................................................................................................................................... vii 
Chapter I: Introduction .......................................................................................................................1 

Introduction ..........................................................................................................................1 
Scope of Work .......................................................................................................................1 
Project Personnel ...................................................................................................................1 
Organization of the Report .....................................................................................................2 

Chapter II: Methods ...........................................................................................................................6 
Introduction ..........................................................................................................................6 
Prospection and Recording Surficial-Related Features .............................................................6 
Survey and Mapping Methods ................................................................................................6 
Digital Photography Methods .................................................................................................6 
Ground-Penetrating Radar Methods .......................................................................................6 
GPR Data Analysis ................................................................................................................ 10 
Curation .............................................................................................................................. 11 
Report Preparation .............................................................................................................. 11 
GPR Grid Layout ................................................................................................................... 11 

Chapter III: Natural Setting ............................................................................................................... 15 
Introduction ........................................................................................................................ 15 
Ecoregion and Hydrology of the Study Region ....................................................................... 15 
Soils Comprising the Project Area ......................................................................................... 15 
Summary ............................................................................................................................. 16 

Chapter IV: Historical Context .......................................................................................................... 17 
Introduction ........................................................................................................................ 17 
Map Analysis ....................................................................................................................... 17 
Civil War Hospitals and Cemeteries in Manchester ................................................................ 18 

Chapter V: GPR Results .................................................................................................................... 38 
Introduction ........................................................................................................................ 38 
Initial Prospection and Walkover .......................................................................................... 38 
Near-Field Data .................................................................................................................... 42 
Gridded GPR Survey ............................................................................................................. 42 
Additional Anthropogenic Features ...................................................................................... 48 

Chapter V: Conclusions and Recommendations ................................................................................. 58 
Chapter VI: Bibliography .................................................................................................................. 59 
Chapter VII: Appendix ...................................................................................................................... 61 
 
 
 
 
 
 



 

iii 
 

 
 
 
 
 
 
 

LIST OF FIGURES 
 
CHAPTER 1 FIGURES:  
  

1.1 Location of the Project Area, City of Richmond, Virginia. 

1.2 Location of the Project Area, Manchester District, City of Richmond, Virginia. 

1.3 Aerial perspective of the Project Area, Manchester District, City of Richmond, Virginia. 

CHAPTER 2 FIGURES:  
  

2.1  Idealized strong and weak reflectors from objects and soils via GPR. 
  
2.2  Idealized radar reflections from a coffin. 
 
2.3  An example of a historic road and path (yellow dashed line) serving St. John’s Church (ca. 

1734), West Point, Virginia. Note the high-amplitude linear features likely representing wagon 
ruts (yellow arrow).  

 
2.4  The location of the 1857 Manchester Municipal Cemetery, GPR survey Grids 1-8 (terrain 

model). 
 
2.5  The location of the 1857 Manchester Municipal Cemetery Survey, GPR survey Grids 1 – 8 

(aerial image). 
 
2.6 GPR survey lines across the 1857 Manchester Municipal Cemetery study area (Grids 1 – 8). 
 
 

CHAPTER 4 FIGURES:  
 

4.1 GIS overlay of the Dayton plat (ca. 1855) showing no cemetery.    
  
4.2 GIS overlay of the Beers Atlas (ca. 1876) shows the cemetery's location. 
 
4.3 List of reburials in the Maury Cemetery of individuals from the “Soldiers Burial Ground.” 
 
4.4 1855 Plan of Dayton, approximate future location of cemetery, lots 2 & 3, shaded. 
  
4.5 Portion 1876 Beers Atlas, cemetery shown in an east-west orientation (2313 Wise Street 

located on the northeast side of the intersection of Wise and Johnson streets). 



 

iv 
 

 
4.6 Portion of the 1917 Plan of Section of Swansboro.  The parcel purchased in 1930 by the City 

of Richmond aligns with the property identified as the Town Graveyard, and the land was 
purchased by the City of Manchester in 1857 

 
4.7 1919 Sanborn Map, cemetery no longer shown on the east side of the intersection of Wise 

and Johnson streets. 
 
4.8 Property purchased by the City of Richmond in 1930 corresponds to the parcel purchased by 

the City of Manchester in 1857. 
 
4.9 1934 – 1956 City Assessors’ Card. 
  
4.10 Daily Enquirer, May 23, 1871. 
 
4.11 The Richmond News Leader, July 12, 1939. 
 
4.12 Richmond Times-Dispatch, July 13, 1939 (Newspapers by Ancestry). 
 
4.13 Richmond News Leader, September 21, 1939 (Newspapers by Ancestry). 
 
4.14 Richmond Times-Dispatch, South Side Supplement, October 5, 1939. 
 
4.15 Richmond Times-Dispatch, October 7, 1939. 
 
4.16 Cover of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, list of deceased. 
 
4.17 Page 34 and 35 of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, list of 

deceased. 
 
4.18 Page 36 of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, list of 

deceased.    
 
4.19 Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton.    
 
4.20 Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton. 
 
4.21 Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton. 
 
 

CHAPTER 5 FIGURES:  
 

5.1 Fragment of sandstone (Aquia?) found on the northeast corner of the site (top). An example 
of an Aquia sandstone carved mounting block outside the Miles Brewton House in Charleston, 
South Carolina (bottom). 

  
5.2 The network of groundhog tunnels beneath the site (yellow arrows). 
 



 

v 
 

5.3 High-amplitude surfaces indicate the entrance road (yellow arrows), an impromptu road (blue 
arrows), and a near-surface example of articulated tree roots (red arrow). 

  
5.4 Location of Grid 1 (bottom, yellow outline) and the near-field imaging (less than 0.20 ft) of 

probable burial shafts (top, left) and the subsequent probable burials (top, right) encountered 
at between 2.70 - 3.61 ft. 

 
5.5 A reflectance profile from GPR Grid 1 shows strong and weak reflectors likely representing 

intact (yellow arrows), partially decayed, or fully decayed coffins (blue arrows). 
 
5.6 Planview of two transects (bottom) and corresponding reflectance profiles (top). Shallow 

graves, some only 0.54 ftbs (top, left) can be seen on the slope near the shipping container 
(blue arrow). Deeper, intact graves, approximately 3.5 to 4.2 ftbs (yellow arrow) can be found 
in the northwest corner of Grid 1 (top, right). 

 
5.7 Thermal drone imagery of the 1857 Manchester Municipal Cemetery. Note the series of 

defined trenches visible in the northern portion of the lot. 
 
5.8 DEM of the 1857 Manchester Municipal Cemetery derived from drone imagery. Note the 

exceptionally faint rows of potential subsided graves shafts in the northern half of the DEM. 
  
5.9 Potential pit features (blue and yellow rectangles) superseded by probable graves. The blue 

arrow represents the corresponding reflectance profile (inset) from the GPR transect. 
 
5.10 Three-dimensional interpolation map of potential burials at the 1857 Manchester Municipal 

Cemetery at 3.50 ftbs (1 ft slice thickness), non-annotated. 
 
5.11 Annotated three-dimensional interpolation map of potential burials at the 1857 Manchester 

Municipal Cemetery at 3.50 ftbs (1 ft slice thickness) showing probable graves (black outline) 
and possible interments (white outline). 

 
5.12 MALA HDR GPR interpolation map of potential burials in Wise Street (yellow and blue arrows). 
 
5.13 MALA HDR GPR interpolation map of potential burials in Wise Street annotated (yellow and 

blue arrows) and the corresponding two-dimensional reflectance profile showing the target 
(inset). 

 
5.14 MALA HDR GPR interpolation map of utilities beneath Wise Street (2 ft interval slice).   
 
5.15 Annotated MALA HDR GPR interpolation map of utilities (dotted yellow lines) beneath Wise 

Street (2 ft interval slice).   
 
5.16 Two potential wells or night soil depository (privy) shafts (bottom, yellow arrows) in GPR Grids 

3 (top left, inset) and Grid 4 (top right, inset). Black arrows represent potential interments. 
 
5.17 Annotated potential wells or night soil depository (privy) shafts (bottom, yellow arrows) in 

GPR Grids 3 (top left, inset) and Grid 4 (top right, inset). Note the slumping stratigraphy 
towards the top. 



 

vi 
 

 
 
 
CHAPTER 7 FIGURES (APPENDIX):  
 

7.1 Three-dimensional amplitude map at 0.00 ftbs (slice thickness 1.00 ft). 
  
7.2 Three-dimensional amplitude map at 0.50 ftbs (slice thickness 1.00 ft). 
 
7.3 Three-dimensional amplitude map at 1.00 ftbs (slice thickness 1.00 ft). 
  
7.4 Three-dimensional amplitude map at 1.50 ftbs (slice thickness 1.00 ft). 

  
7.5 Three-dimensional amplitude map at 2.00 ftbs (slice thickness 1.00 ft). 
  
7.6 Three-dimensional amplitude map at 2.50 ftbs (slice thickness 1.00 ft). 
 
7.7 Three-dimensional amplitude map at 3.00 ftbs (slice thickness 1.00 ft). 
  
7.8 Three-dimensional amplitude map at 3.50 ftbs (slice thickness 1.00 ft). 

 
7.9 Three-dimensional amplitude map at 4.00 ftbs (slice thickness 1.00 ft). 
  
7.10 Three-dimensional amplitude map at 4.50 ftbs (slice thickness 1.00 ft). 
 
7.11 Three-dimensional amplitude map at 5.00 ftbs (slice thickness 1.00 ft). 
  
7.12 Three-dimensional amplitude map at 5.50 ftbs (slice thickness 1.00 ft). 

 
7.13 Three-dimensional amplitude map at 6.00 ftbs (slice thickness 1.00 ft). 
  
7.14 Panoramic view of the survey area looking southwest. 
 
7.15 Panoramic view of the survey area looking southeast.    
  
7.16 Panoramic view of the survey area looking northwest. 
 
7.17 Panoramic view of the survey area looking northeast. 
 
7.18 Panoramic view of GPR Grid 8 using the UtilityScan 350 MHz HS looking northeast. 
 
7.19 Panoramic view of the MALA MIRA HDR survey of Wise Street looking northwest. 

  



 

vii 
 

 

LIST OF TABLES 
Chapter V Tables:  

      Table 2.1. The 1857 Manchester Municipal Cemetery GPR grid sizes and transect numbers. 

 
 
 
 
 
 



 

1 
 

 
 

CHAPTER I: INTRODUCTION 
Introduction 
TerraSearch, under contract with the City of Richmond, completed a comprehensive ground-penetrating 
radar (GPR) survey of a 1.2-acre lot and suspected interment area associated with the extant 19th -century 
Weisinger-Carroll House, a conscripted hospital located north of Wise Street, the South Carolina Hospital 
and General Hospital # 28 in the Manchester District, City of Richmond, Virginia. (Figures 1.1 & 1.2).  
 
The site, located on property owned by the City of Richmond, is enclosed by a chain-link and barbed-wire 
fence and houses a substation with ancillary support buildings. Aside from a tree, a stump, and the 
modern structures, the lot was relatively open and free of impediments. Much of the lot features a well-
manicured lawn and does not exhibit signs of interments.  
 
The project objectives and methods were determined in consultation with Ms. Kimberly M. Chen, Senior 
Manager, City of Richmond. The work aimed to investigate and delineate any potential unmarked burials 
associated with the lot using non-invasive methods to survey portions of the property. The GPR (Figure 
1.3) surveys (including a small section of Wise Street) totaled approximately 1.28 acres. 
 
Scope of Work 
The non-invasive geophysical work at the 1857 Manchester Municipal lot included the following tasks:  
 
• Task 1: Background research and a detailed review of available sources and aerial photographs of 

the property to be surveyed; 
 

•  Task 2: Establishing a systematic grid or grids within the project area: the beginning and end points 
of each grid were recorded by a global positioning system (GPS) to provide accurate control points 
for the survey; 
 

•  Task 3: A non-invasive GPR prospection survey of the study area. No ground disturbance or 
ground-truthing of anomalies was undertaken as part of the project; 
 

•  Task 4: Review the GPR, background, and imagery data to assess the survey area for soil anomalies 
systematically and to make informed decisions about the nature of these anomalies (i.e., grave 
shafts, landscaping, utilities, etc.); 

 
•  Task 5: Produce a comprehensive technical report, including detailed summaries of all facets of 

research, methodology, survey results, and recommendations.  
 
Project Personnel 
Mr. David M. Givens, M.A., RPA, served as the Principal Investigator and supervised all aspects of this 
project. Kurt Fredrickson, M.S., RPA, and Mr. Givens conducted fieldwork. Mr. Givens performed data 
analysis and prepared the graphics for this report. Ms. Chen prepared the historical context for the site. 
Mr. Eric Heffter, Ph.D., conducted the thermal drone imaging (Remote Pilot License # 4834036). Mr. 
Givens and Ms. Chen co-authored the report. 
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Organization of the Report 
Chapter II discusses the methods used to complete this investigation. Chapter III presents the region's 
natural setting encompassing the Project Area and includes a brief overview of the region's geology, 
hydrology, and soils. Chapter IV provides a short history of the site. Chapter V provides the results of the 
geophysical survey of the cemetery. Finally, Chapter VI contains a summary and conclusion of the data 
collected for this report. A bibliography (Chapter VII) is followed by referenced images, which, if not included 
in the body of the report, are located in the appendix (Chapter VIII). 
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Figure 1.1. Location of the Project Area, City of Richmond, Virginia. 
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Figure 1.2. Location of the Project Area, Manchester District, City of Richmond, Virginia. 
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Figure 1.3. Aerial perspective of the Project Area, Manchester District, City of Richmond, Virginia. 
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CHAPTER II: METHODS 
 
Introduction 
This chapter describes the research design and field methods employed to conduct the geophysical survey 
of the Wise Street gas booster lot, including Ground Penetrating Radar (GPR), mapping, and 
documentation. Additionally, the location and point of contact for the facility where all cultural material, 
drawings, maps, photographs, and field notes generated during the survey will be curated are provided 
below.  
 
The investigation's fieldwork was comprehensive, and planning utilized the information provided by the 
client before and during the undertaking (both virtually and on-site). The following sections provide an 
overview of the methods employed to conduct a comprehensive geophysical and documentary survey of 
the site. All work for this project was performed in accordance with and by TerraSearch staff who meet or 
exceed the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic Preservation 
(48 FR 44716).  
 
Prospection and Recording Surficial-Related Features 
Before any formal gridded geophysical data collection, a walkover of the entire site and surrounding area 
was conducted. The close inspection of the site was twofold: to identify contextual information that could 
aid in understanding the context of the site (e.g., the presence of grave makers, subsidence areas, age of 
markers, ground cover, and vegetation) and, if present, to determine the best way to conduct a gridded 
survey of the site (e.g., orientation of subsided grave shafts and burial markers).  
 
Survey and Mapping Methods 
After the walkover, TerraSearch personnel established eight survey grids within an area defined by the 
preliminary walkover and consultation with Ms. Chen. Each grid included two baselines, approximately 
perpendicular to the long axis of the lot (W-E) and parallel to Wise Street. These baselines were used to 
establish grids for referencing all geophysical data collected and accurately mapping all surficial features 
and vegetation associated with the cemetery that obstructed the survey.  
 
All geophysical work at the cemetery was collected using fiberglass tapes and steel chaining pins, thereby 
minimizing errors in locating features identified through geophysical testing. Field observations and maps 
were digitized to create a permanent record of the GPR and survey areas, as well as related surficial 
information, observed field data, and landforms.  
 
Digital Photography Methods 
Digital photography of the survey in progress and from each corner of the survey area was conducted to 
document and digitally preserve the grid's location. All above-ground features were sufficiently well-lit 
such that photographs captured as much of the subject and relief of inscriptions as possible (see 
appendix). 
 
Ground-Penetrating Radar Methods 
GPR is an active, non-invasive geophysical method that records contrasts in the dielectric properties of 
subsurface materials (Heimmer and De Vore 1995; Clark 2001; Bristow and Jol 2003; Conyers 2004, 2006; 
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Daniels 2004). A pulse of transmitted electromagnetic energy emitted from the GPR antenna is reflected 
or absorbed by such contrasts, and the resulting reflections are recorded to produce a vertical profile. 
Most reflections are generated at interfaces between materials of differing relative dielectric permittivity, 
i.e., at the boundary between different stratigraphic layers, where changes in velocity occur (Figure 2.1). 
A two-dimensional GPR profile represents vertical and horizontal stratigraphy consisting of individual 
traces resulting from a single pulse of energy and the resulting reflections at a given location that are 
stitched together to produce an image of dielectric contrasts. In this sense, GPR does not provide a 
stratigraphic profile; rather, it represents local dielectric contrasts that provide a proxy for subsurface 
stratigraphic changes.  
 
GPR is an established prospecting method for human graves and archaeological features, such as wells, 
privies, shafts, buried building foundations, trenches, and other forms of cultural stratigraphy. These 
features are visible with GPR due to dielectric contrasts between the feature fill and surrounding 
homogeneous soils, often visible truncation of internal “natural” stratigraphic layers, or as reflections 
from high-amplitude surfaces, compacted surfaces, or constructed floors made of bricks or stones.  
 
Geophysical survey for human burials is a common and viable GPR application due to the above forensic 
characteristics. A grave shaft is a vertical cut into potentially intact stratigraphy, recognizable in 
reflectance profiles as a discrete incision into soil profiles. Observed grave fill will often display evidence 
of subsidence manifested as slumping stratigraphic layers within the shaft.  Grave fill should and 
frequently does contain internal characteristics derived from disturbance or discombobulation of soil 
layers that contrast sharply with the surrounding undisturbed subsoil (Figure 2.2) (Bevan 1991). Unmarked 
graves in disturbed soil contexts may be more difficult to discern. 
 
Well-preserved coffins, along with brick or concrete vaults, provide ideal point-source objects to generate 
characteristic hyperbolic reflectors in the GPR data. A high-amplitude reflector can also be mapped 
horizontally in three-dimensional time slices or amplitude maps. Profiles are generally collected across 
marked graves (i.e., headstones and footstones) as comparative data sets.  
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Figure 2.1. Idealized strong and weak reflectors from objects and soils via GPR.    

Figure 2.2. Idealized radar reflections from a coffin produce faint hyperbolic tails on either side of the coffin as the 
antenna approaches, moves over, and then passes the target. The result is a dense, bright parabolic reflector 
representing the top of the coffin. 
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Figure 2.3. An example of a historic road and path (yellow dashed line) serving St. John’s Church (ca. 1734), West Point, 
Virginia. Note the high-amplitude linear features likely representing wagon ruts (yellow arrow). 
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GPR prospection for historical period features yields differing characteristics and morphologies of the 
geophysical signatures. Structural cellars (stone- or brick-lined), foundations, postholes, and middens 
result in notably distinctive diagnostic GPR profiles. As many of these features entail a vertical cut through 
subsurface stratigraphy, the buried target often contrasts sharply with the surrounding undisturbed 
subsoil. Internal characteristics of these types of domestic features frequently contain a variety of point-
source reflectors. Walls provide high-amplitude vertical surfaces with unique GPR signatures, 
characterized by “single tail” and often variegated hyperbolae as the survey unit passes over the target. 
The resulting three-dimensional maps usually yield ideal representations of buried structures. An example 
of an ideal amplitude map and profile transect displaying a service road and path to an 18th-century 
church in West Point, Virginia, is shown in Figure 2.3.  
 
The geophysical work utilized a GSSI Utility Scan GPR system with a 350 MHz HyperStacking antenna to 
conduct the GPR survey. The antenna and UtilityScan are mounted on a custom-built carriage by GSSI and 
utilize an encoder-triggered collection of 50 traces per meter (one reading every 0.8 in). All GPR data were 
collected at 25 cm intervals in four unidirectional transect grids. In areas where obstructions were 
encountered that prevented completion of the survey transect, such as a headstone, fence, tree, etc., an 
additional or continuation transect was collected, beginning at the opposite end of the obstacle. Before 
starting the continuation, the position of the GPR machine was carefully recorded manually to ensure that 
no data was lost during the survey.  
 
In addition to the GSSI antenna, the TerraSearch team utilized a MALÅ HDR (High Dynamic Range) GPR 
unit specifically to image a portion of Wise Street and the substation lot, confirming suppositions about 
potential interments in the street and providing additional forensic evidence for probable graves 
identified within the fenced survey area. The MALÅ HDR array utilizes 11,500 MHz center-frequency 
antennae and 12 receivers. For the Wise Street lot, the system was configured to collect data as a multi-
channel array, simultaneously collecting data from 22 different frequencies, allowing for data collection 
from any transmitter-receiver combination within the array. Each antenna is spaced 6.5 cm apart, allowing 
for precise, high-resolution data that excels in complex contexts, such as streets and multi-acre (i.e., 35-
acre) archaeological sites. 
 
GPR Data Analysis 
All GPR profiles were interpreted and analyzed using GSSI RADAN and MALÅ Vision software and industry-
standard techniques (i.e., Conyers 2006; Leach 2019; 2021). These techniques include the following 
RADAN software adjustments to the raw data collected in the field: Time Zero, Range Gain, Background 
Removal, Finite Impulse Response (FIR) and Infinite Impulse Response (IIR) Filters, Migration, as well as 
three-dimensional and two-dimensional exploratory data analysis.1 Each of these techniques is described 
in more detail below.  
 
Time Zero is a position correction of the ground surface relative to the radar pulse transmitted from the 
machine, measured in nanoseconds. For the Utility Scan, the position correction is generally minimal, 
approximately 1 to 3 nanoseconds. Range Gain is a critical analytical technique because it enables the user 
to adjust the radar signal relative to the depth of the recording device. As the signal travels farther from 
the machine, it becomes weaker, and vice versa. The dataset must be normalized to compensate for this 
and correctly interpret the entire target depth for the GPR analysis. TerraSearch personnel utilized an 

 
1 These techniques are applied generally to a dataset to “ground” the analysis. There is no “cookie cutter” approach to GPR 
analysis. Each survey presents unique environmental and soil conditions that require informed choices in both the analysis and 
the collection of data.  
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exponential Range Gain to analyze the data, as this technique most closely approximates the loss of signal 
with depth relative to the machine.  
 
Background Removal is another normalization technique that removes horizontal “noise” from the 
dataset, or those targets that extend the entire length of a GPR transect and are thus not relevant for an 
archaeological analysis (but may be applicable for geological analyses); noise interference from radio 
frequencies (cell towers, WIFI, radio towers, etc.) are also removed using the Background Removal 
function. FIR and IIR filters are generally applied as a custom background removal of frequencies that 
appear spurious after an exploratory analysis. Migration is a transformation that flattens the appearance 
of a conical shape associated with hyperbolic reflectors, which are visible at depth and, thus, farther away 
from the machine in horizontal space.  
 
Finally, while three-dimensional viewing of the GPR dataset presents a powerful way to interpret 
geometric patterns, it is merely an algorithmic approach to viewing two-dimensional data. All GPR 
transects were analyzed as amplitude profiles (two-dimensional) and in post-processed formats; these 
data were then compared with three-dimensional geometric targets to interpret geologic and 
anthropogenic features.  
 
Curation 
After completing and accepting the Final Report of Investigations, TerraSearch will curate all drawings, 
maps, photographs, field notes, and GPR data.  
 
Report Preparation 
The data gathered during the survey are synthesized and presented in this report.  While TerraSearch 
understands that this work is being conducted solely for planning and preservation purposes, all work 
complied with the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic 
Preservation (48 FR 44716). 
 
GPR Grid Layout 
Eight GPR grids were collected during the cemetery's geophysical fieldwork (Figures 2.4 & 2.5). The GPR 
grids (Grids 1 – 8) were designed and surveyed to encompass what was believed to be the cemetery's 
core, based on 19th-century maps of the area (see Chapter IV). scattered around the landscape. The survey 
areas shared contiguous borders, allowing data processing and analysis of a larger bounded area, and a 
total of 792 survey lines were collected (Figures 2.6 & 2.7).  
 

 

Table 2.1. The 1857 Manchester Municipal Cemetery GPR grid sizes and transect numbers. 
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  Figure 2.4. The location of the 1857 Manchester Municipal Cemetery, GPR survey Grids 1-8 (terrain model). 
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Figure 2.5. The location of the 1857 Manchester Municipal Cemetery Survey, GPR survey Grids 1 – 8 (aerial image). 
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Figure 2.6. GPR survey lines across the 1857 Manchester Municipal Cemetery study area (Grids 1 – 8). 
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CHAPTER III: NATURAL SETTING 
 
Introduction 
This chapter briefly overviews the region's natural setting, including the study area associated with the 
Cemetery GPR Survey Area. It includes general ecological conditions and types of freshwater sources, 
soils, and slopes. The remainder of this section provides a brief overview of the ecology, hydrological 
resources, and soils near the study area and the larger region. 
 
Ecoregion and Hydrology of the Study Region 
The project area is part of the Northern Outer Piedmont ecoregion (45f), as defined by the United States 
Environmental Protection Agency (US EPA) in 1996. Streams and rivers of this region are primarily 
perennial and of low to moderate gradients and drain into the James River. The land form and streams 
and flow north to the James River and East into the Chesapeake Bay. Approximately 1.5 mi to the 
northeast of the survey area, the terminus of the granite scarp that has historically defined the foundation 
and development of Richmond’s historic landscape. From the Fall Line, the James flows Southeast 
approximately 100 mi before emptying into the Chesapeake Bay.  
 
Extending south into North Carolina, the Northern Outer Piedmont ecoregion is bordered to the West by 
the Appalachian Mountains and the Coastal Plain to the east. A small portion of the ecoregion is bordered 
in by the Northern Inner Piedmont (45e) and the Chesapeake Rolling Coastal Plain (65n). Elevations 
typically range from 30 to 250 feet, and local relief is 25 to 175 feet.  
 
A humid climate with moderate precipitation characterizes the zone throughout the four distinctive 
seasons. The region tends to have more significant relief, elevation, and channel gradients than the coastal 
ecoregion to the East, generally resulting in better drainage.  The region is “mostly underlain by heavily 
weathered metamorphic rocks, including gneiss and schist, with some igneous intrusions of granite.” 
(Virginia Division of Mineral Resources, 1993).  
 
Soil moisture is crucial in GPR interpretation, presenting challenges and opportunities. A thorough survey 
can generally overcome the interpretive difficulties of substantially wet soil. The water content is the most 
significant factor in determining a material’s dielectric constant, and the presence of the water table or 
increased soil moisture within a survey area can radically alter the geophysical signature of sediments or 
features. Subtle differences in a soil layer’s porosity may mean pockets of water that produce stark 
dielectric contrasts, generating multiple reflections or potentially scattering energy (Conyers 2013). 
Conversely, complete saturation of a material may reduce its contrast with neighboring materials, thereby 
muting some reflections. Finally, soil moisture can also alter the preservation environment of objects 
found within the soil, another factor to remember when analyzing amplitude reflections from near-
surface or buried objects and surfaces. 
 
Soils Comprising the Project Area 
Soil formation directly results from the interaction of several variables, including climate, vegetation, 
parent material, time, and organisms present (Gerrard 1981). Once archaeological deposits are buried 
within the soil, they undergo many diagenic processes. Different classes of artifacts may be preferentially 
protected or unaffected by these processes, whereas others may deteriorate rapidly. Cyclical wetting, 
drying, freezing, thawing, and compression can accelerate the decay processes for animal bones, shells, 
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lithics, ceramics, and plant remains chemically and mechanically. Lithic and ceramic artifacts are mainly 
unaffected by soil pH. In contrast, animal bones and shells decay more quickly in acidic soils like those in 
the current Project area. In contrast, acidic soil enhances the preservation of charred plant remains. 
Varied soil chemistries affect geophysical signatures in many ways. Differing preservation environments 
can impact the presentation of an object or feature of archaeological interest (i.e., decayed coffins versus 
intact coffins). Variations in soil formation can also lead to soils with different electrical conductivity and 
moisture retention, directly impacting the depth penetration and effective wavelength of GPR signals.  
 
The Wiesinger-Carroll Cemetery GPR Survey study area is mostly composed of Turbeville-Urban Series 
Soils, with the remaining defined as simply “Urban land.” The Tuberville series is comprised of clayey 
alluvium on moderate to steep terraces south of the James River.  
 
Turbeville Series 
The Turbeville Series of soils consists of deep (more than 80 in), well-drained loams. These soils are formed 
from a parent material of alluvial sediment. Slopes typically range from 2 to 6 percent but can range from 
0 to 50 percent, although slopes within the survey area did not exceed slopes of 15 percent. A typical 
profile associated with Turbeville soils is as follows: H1 - 0 to 11 inches; fine sandy loam, H2 - 11 to 62 
inches; clay, and H3 -62 to 70 inches; gravelly loam. 
 
Summary 
A review of mapping, geological data, ecological conditions, soils, slopes, and proximity to water can 
inform geophysical data analysis of the 1857 Manchester Municipal Cemetery data set. The soils featured 
therein generally have well-drained properties, making them ideal for GPR surveys performed with the 
GSSI 350MHz antenna and the Mala HDR multi-channel array. No saturation or inundation was observed 
during the study, and overall, the site, terrain, and underlying geology appeared favorable for a 
geophysical study.  
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CHAPTER IV: HISTORICAL CONTEXT 
 

Introduction 
This document will share research that has been compiled for the property at 2313 Wise Street in the City 

of Richmond.  The property has been owned by the City of Richmond since 1930 and is the location of a 

Gas Booster facility, constructed in 1931 and operated by the Department of Public Utilities.  The property 

has come under scrutiny recently because of the existence of a memorial marker placed on the property 

in 1939 by the United Daughters of the Confederacy.  The granite marker states:   

Here rest more than one hundred 

South Carolina Soldiers who died 

in the hospital in Manchester, VA, 

1861-1865. 

Elliott-Grays Chapter, 

United Daughters of the Confederacy, 

Erected October 6, 1939. 

 

Because of the lack of marked graves, this research has been conducted to verify, through a document 

trail, that the property was used as a cemetery for the burial of Confederate soldiers.  Maps, newspaper 

articles, resources related to Civil War hospitals and burials, and municipal records have been reviewed.  

The analysis is presented chronologically by theme, including map research, the Civil War era, and the 

early post-war years, including the establishment of Maury Cemetery, DPU ownership and development 

of the property, and the installation of the marker.  While there is no definitive record of wartime burials 

or the post-war removals, this research makes a circumstantial case that the property was used for 

wartime burials and that there have been no substantial postwar reinternments at Maury, Hollywood, or 

Oakwood cemeteries.  The research also indicates that soldiers from states other than South Carolina may 

have also been buried here. 

Map Analysis 
Historic maps indicate that the property at 2313 Wise 
Street has been utilized as a cemetery or graveyard for 
many years.  The earliest map that clearly indicates this 
use is the 1876 Beers Atlas, which shows a cemetery in 
this location with an east-west orientation.  The 1917 Plan 
of Swansboro illustrates the Town Graveyard in a north-
south orientation.  This graveyard corresponds to parcels 
purchased by the City of Richmond in 1930, which are the 
same as those purchased by the City of Manchester in 
1857. 
 
Below is a list of maps that were reviewed as part of this 

analysis.  The maps are included as an appendix at the end 

of this document: Figure 4.1. GIS overlay of the Dayton plat (ca. 1855) 
showing no cemetery 
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• 1855: Plan of Dayton, no cemetery indicated (Figure 4.1) 

• 1857: Manchester purchased a parcel from Special Commissioner C. C. McRae (Figure 5) 
• 1876: Beers Atlas – cemetery oriented east-west (Figure 4.2) 
• 1910: Manchester was incorporated into the City of Richmond. The cemetery was just west of the 

new (1910) corporation line. (Figure 2) 
• 1914: The area including the cemetery was annexed into the City of Richmond 

• 1917: Plan of Swansboro – Town Graveyard oriented north-south and aligns with the 1857 and 1930 
parcels (Figure 3) 

• 1919: Sanborn Map, no cemetery indicated (Figure 4)  

• 1930: Plat of lots on the north and south sides of Wise Street, east of Johnson Street – property of the 
City of Richmond – Note: this property was acquired by the City of Manchester from C. C. Mc Rae, 
Special Commissioner, on March 13, 1857.  The Department of Public Utilities was permitted to use 
the property by joint resolution of Jan. 8, 1930 (Figure 5) 

 
Civil War Hospitals and Cemeteries in Manchester 
During the Civil War, multiple hospitals 

were established on both sides of the 

James River to serve the cities of 

Richmond and Manchester. These 

hospitals took many forms: some were 

General Hospitals, some carried specific 

state designations, and some were 

homes, churches, and industrial buildings 

conscripted into service as needed. 

General Hospitals, like the larger hospital 

encampments such as Chimborazo, 

Howard’s Grove, and Winder, received 

patients from various states. 

There were two hospitals and a nearby 
conscripted home on the south side of 
the river in the City of Manchester: 
 

• 1861-62: South Carolina Hospital was 
mentioned in an 1862 list as near the 
Mayo bridge in Manchester.  It was 
probably in one of the buildings of 
the Manchester Cotton Factories 
Company. (Confederate Military 
Hospitals in Richmond, 1964). A list of 
South Carolina Soldiers deceased in 
the South Carolina Hospital at 
Manchester from October 1st, 1861, 
to November 26th, 1862, is included 
as an appendix. 
 

Figure 4.2. GIS overlay of the Beers Atlas (ca. 1876) shows the cemetery's 
location. 
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• 1862: General Hospital #28 was called the Danville Railroad Hospital.  It was formerly a shop building 
in the Richmond and Danville railroad repair yards, which was a single-storied, brick building.  It had 
several natural springs nearby.  The hospital was opened on July 10, 1862, with 416 beds.  Dr. Abraham 
Schultz Miller was the surgeon-in-charge.  General Hospital #28 was in Manchester, Virginia, on the 
James River just east of the Richmond and Petersburg Railroad bridge. The present site is just east of 
the south end of Manchester Bridge. (Confederate Military Hospitals in Richmond, 1964; Moore’s 
Complete Civil War Guide to Richmond, Revised Edition, 1978). 
 

• N.D.: Weisiger-Carroll House, 2408 Bainbridge, was used as a hospital during the Civil War, and 
Confederate soldiers who died there are buried in a cemetery facing Wise Street behind the house.  
(Old Manchester and Its Environs, 1769-1910, 1993). 

 
There were two cemeteries on the north side of the James River for the internment of Confederate 
soldiers – Hollywood and Oakwood.  Both cemeteries were some distance, approximately 3 miles, from 
the hospitals in Manchester.  There was also the issue of separate jurisdictions and the tolls for the Mayo 
Bridge that would have made it logical to bury Confederate dead at the small cemetery (Wise Street) on 
the western boundary of the city.  The only direct corroboration of this supposition is an article in the May 
23, 1871, edition of the Daily Enquirer: 
 
 

Needs Attention.  – Just on the suburbs of Manchester, and near Oakwood 
Park, are buried a large number of soldiers from different Southern States, 
who died at the South Carolina hospital, in this place, during the war.  Will 
not some of our ladies select some good day, and place a few flowers on 
these little mounds, where sleeping their last sleep rest so many of the 
loved and lost chivalry of our sunny land.  They can surely get some young 
men to aid them, and by next year we hope the Hollywood Association 
will have them moved. 

 

This plea suggests a desire to move the remains to Hollywood Cemetery, but there is no record that this 
action was ever taken. There is, however, some indication that a few of the remains from the Wise Street 
cemetery may have been moved to Maury Cemetery.  In 1872, the town’s trustees passed an ordinance 
outlawing private burials within the town limits of Manchester, and in 1874, the town purchased a portion 
of the nearby Buck Hill estate and opened Maury Cemetery. Area authorities directed that remains 
previously buried in the city be removed to the new site, Maury. As a result, some markers as early as 
1847 predate the cemetery's founding.  In 1877, the city again ruled that persons interred on the three-
acre lot known as Dayton (Wise Street) were to be moved outside the city, and a suitable area was to be 
set aside in Maury Cemetery.   
 

An article in the July 12, 1939, edition of The Richmond News Leader made the following statement 
concerning the Wise Street cemetery: 
 

Records of Maury Cemetery which was not opened for a number of years 
after the close of the War Between the States, do not show that any of 
the soldier dead were reinterred there.  Most of the civilians, however, 
were moved to the new cemetery. 
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A review of Maury Cemetery burial records supports the claim that civilians were removed from the 

“Soldiers Burial Ground” to Maury. Below is a list of reburials from the “Soldiers Burial Ground” to Maury: 

 

Department of Public Utilities 

The City of Richmond purchased the Wise Street property on January 8, 1930, it being the same property 
acquired by the City of Manchester from C. C. McRea, Special Commissioner, on March 13, 1857.  The 
property, containing approximately two acres, consisted of two parcels that Wise Street separated.  The 
parcel on the south side of Wise Street has since been sold.  Building permits were applied for in 1931 to 
construct a gas holder at this location.  The 1934 Assessor’s record for the property refers to the property 
as the “Old Soldier’s Grave Yard.”  The same article quoted above also stated: 
 

In excavating the gas booster site the workmen uncovered several bodies 
a few years ago, indicating that even though some may have been moved, 
others were overlooked and it is still believed that many are still buried in 
the immediate vicinity of the huge tank.  The excavation was done in just 
a small part of the original burial ground. 
 

It is possible that the disturbance of some graves during the construction of the gas booster facility was a 
catalyst for Elliott Gray’s Chapter, United Daughters of the Confederacy, to petition the city for permission 
to install a “marker or monument” at the site. The following joint resolution was approved on September 
15, 1939. 
 

To permit Elliott Grays Chapter of the United Daughters of the 
Confederacy to place a marker or monument in the block bounded by 23rd, 
24th, Hull and Bainbridge Streets to mark a former burial place of 
Confederate soldiers. 
 
Be it resolved by the Council of the City of Richmond, the Board of 
Aldermen concurring: 
 
1. That the Elliott Grays Chapter of the United Daughters of the 
Confederacy be and it is hereby permitted to place a marker or 
monument, at its own cost and expense, in the block bounded by 23rd, 

Figure 4.3. List of reburials in the Maury Cemetery of individuals from the “Soldiers Burial Ground.” 
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24th, Hull and Bainbridge Streets, to mark a former burial place of 
Confederate soldiers, said marker or monument to be put at such place in 
said block as shall be designated by the Director of Public Utilities and 
shall be perpetually cared for and maintained by the City of Richmond.  
The placing of the marker or monument and all work in connection 
therewith shall be done under the direction and supervision of the 
Director of Public Utilities. 
 

The marker was unveiled with much pomp and circumstance on October 6, 1939, and was the culmination 
of the Virginia Daughters of the Confederacy annual state conference.  
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Figure 4.4. 1855 Plan of Dayton, approximate future location of cemetery, lots 2 & 3, shaded. 
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Figure 4.5. Portion 1876 Beers Atlas, cemetery shown in an east-west orientation (2313 Wise Street located on the 
northeast side of the intersection of Wise and Johnson streets). 

Figure 4.6. Portion of the 1917 Plan of Section of Swansboro.  The parcel purchased in 1930 by the City of Richmond 
aligns with the property identified as the Town Graveyard, and the land was purchased by the City of Manchester in 
1857 
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Figure 4.7. 1919 Sanborn Map, cemetery no longer shown on the east side of the intersection of Wise and Johnson streets. 
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Figure 4.8. Property purchased by the City of Richmond in 1930 corresponds to the parcel purchased by the 
City of Manchester in 1857. 

Figure 4.9. 1934 – 1956 City Assessors’ Card 
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Figure 4.10. Daily Enquirer, May 23, 1871. 
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Figure 4.11. The Richmond News 
Leader, July 12, 1939. 
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Figure 4.12. Richmond Times-Dispatch, July 13, 1939 (Newspapers by Ancestry). 
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Figure 4.13. Richmond News Leader, September 21, 1939 (Newspapers by Ancestry). 
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Figure 4.14. Richmond Times-Dispatch, South Side Supplement, October 5, 1939. 
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Figure 4.15. Richmond Times-Dispatch, October 7, 1939. 
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Hospital List of Deceased Soldiers: 1861-1862 

  

Figure 4.16. Cover of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, 
list of deceased. 



 

33 
 

  

Figure 4.17. Page 34 and 35 of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, list of deceased. 
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Figure 4.18. Page 36 of the South Carolina Hospital Aid Association in Virginia: 1861 – 1862, list of 
deceased. 
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The following is a list of deceased soldiers from the “South Carolina Hospital, at Manchester” who were 

“adjusted and updated,” with no date. It should be noted that this list does not indicate where these 

soldiers were buried. 

Figure 4.19. Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton. 
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Figure 4.20. Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton. 
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Figure 4.21. Manchester Hospital Deaths "Slightly Adjusted & Updated" by John Kindred and Jim Upton. 
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CHAPTER V: GPR RESULTS 
Introduction 
The following results are based on the comprehensive geophysical survey of a portion of the 1857 
Manchester Municipal Cemetery lot in Richmond, Virginia. Before the intensive gridded GPR survey of the 
site was undertaken, an intensive walkover of the survey area was conducted, and all surficial information 
related to the cemetery and cultural context (e.g., grave markers, extant and buried vaults, grave 
subsidence areas, orientation of the graves, and vegetation) of the site were noted.  
 
After the pedestrian survey, the TerraSearch team conducted a prospection GPR survey of the observed 
potential graves to confirm that the orientation of the buried interments matched the potential grave 
slumping (see below). The synthesis of the collected data provided the necessary information for the team 
to formulate a comprehensive set of GPR grids for systematic geophysical data collection.   
 
As described in Chapter II, eight contiguous GPR grids were collected during the fieldwork effort (see 
Figures 2.4 – 2.6). Each GPR grid was triangulated using cloth tapes to encompass the suspected 
boundaries of the cemetery and the requested area to be surveyed. The grids were designed to be 
contiguous and comprehensive and surveyed up to the fence-enclosed areas in each of the cardinal 
directions of the prescribed study area.  
 
In addition to the gridded GPR survey, a limited multi-channel array GPR survey was conducted outside 
the enclosed survey area on Wise Street. Running parallel (W-E), the street is separated by a pedestrian 
sidewalk and a chain-link fence. In general, the street was free from impediments, however several parked 
vehicles blocked portions of the thoroughfare resulting in only a partial survey (see below). Although not 
part of the scope of work, the information gathered supplements the information collected in the gridded 
GPR survey area and suggests that the cemetery extends into Wise Street outside the limits of the fenced 
area.  
 
Initial Prospection and Walkover 
The preliminary site walkover revealed no in-situ grave markers that would suggest the lot was a formal 
cemetery. However, several potential rectangular depressions were noted in the northwestern quadrant 
of the survey area. The depressions or potential “grave slumps” can result from the settling of grave shaft 
fill, coffin collapse, subsidence, or a combination of these factors. The features were exceptionally 
ephemeral, and instead of mapping each, a thermal drone survey of the cemetery was conducted (see 
below). Several large, angular blocks of Richmond granite were found scattered about the site, particularly 
in the northeastern quadrant of the lot, and do not appear to be related to markers. However, that does 
not preclude their potential to have been impromptu head or foot stones, or both. One lone piece of non-
local sandstone was found amongst the rubble. The fragment is highly weathered and is similar to Aquia 
sandstone (Figure 4.1) exported as carved blocks for memorial and utilitarian uses (i.e., interment stones, 
property corner markers, and mounting blocks). Interestingly, the Aquia sandstone was heavily consumed 
in South Carolina, particularly in Charleston, for architectural and utilitarian purposes (Figure 4.1). 
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In addition to the surficial forensic information potentially related to a cemetery, invasive plant species of 
periwinkle (Vinca major) and English Ivy (Hedera helix) was observed along the margins of the lot and 
extended outside the limits into the adjacent domestic lots to the west, north, and east of the gridded 
GPR study area.  
 
After performing an antenna calibration to maximize data collection within the local geologic settings, 
several initial prospecting survey lines were conducted across and perpendicular to several subsided grave 
shafts, all oriented east to west (the graves appear to respect the lot layout). The results of the geophysical 
prospection indicated clear indications of grave shaft incision, high- and low-amplitude reflectors of 
probable coffins, and potential shrouded or clothed burials. 
 
 
 

Figure 5.1. Fragment of sandstone (Aquia?) found on the northeast corner of the site (top). An example of an Aquia 
sandstone carved mounting block outside the Miles Brewton House in Charleston, South Carolina (bottom). 
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Figure 5.2. The network of groundhog tunnels beneath the site (yellow arrows). 
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Figure 5.3. High-amplitude surfaces indicate the entrance road (yellow arrows), an impromptu road (blue arrows), and a 
near-surface example of articulated tree roots (red arrow). 



 

42 
 

Near-Field Data 
The near-field perspective, or surficial GPR readings, revealed natural and anthropogenic features. During 
the survey, an intense scatter of shallow, high-amplitude targets was visible in the zone directly beneath 
the antenna and within a few inches of the ground. Subsequently, data interpolation and filtering 
rendered the targets into two separate natural phenomena. Firstly, a network of articulated roots 
emanating from the vegetation, primarily trees, to the west, north, and east of the project area was 
scattered throughout the survey area, and from two trees in Grid 1 (see Figure 4.3).  
 
A second articulated pattern observed in the near-field data was attributed to rodent activity. A dense 
network of burrows and warrens was also noted, likely attributed to a groundhog (Marmota monax), with 
activity restricted to the first 2 ft of data. The articulated network of tunnels was relatively shallow, ranging 
in depth from 0.10 ft to a maximum of 2 ft. Many of the tunnels were hollow, creating a noticeable phase 
shift in the electromagnetic waves of the GPR as the signal speed accelerated through the air voids of the 
passageways (Figure 4.2). 
 
Also visible in the near-field view was a shallow (approximately 0.51 ftbs), high-amplitude surface of the 
entrance road sweeping from the lot's southeast corner and running behind the substation. An additional 
high-amplitude surface was noted from the same corner and appears to terminate on the western side of 
the two transformers west of the substation. There was no surficial evidence for the latter road near the 
transformers, and the road may represent an impromptu construction surface for installing the 
transformers (Figure 4.3).  
 
On rare occasions, the sensitivity of the GPR data can image the very shallow portions of a grave shaft 
incision and subsequent subsidence in a cemetery context. This is possible through filtering and “thin 
slicing” the data just below the surface (0.20 ft). The 1857 Manchester Municipal Cemetery data set was 
an excellent example of this type of forensic evidence in geophysics. Thin-slicing Grid 1 revealed probable 
burial shafts correlating to the underlying potential coffin, clothed, or shrouded burial (Figure 4.4).   
 
Gridded GPR Survey 
During the analysis, anomalies representing marked or unmarked graves were identified as “probable” or 
“possible” interments. In this report, probable burial indicates greater certainty in identifying interments 
than the latter.  
 
Assigning the term probable to an interment involves evaluating multiple lines of evidence and 
geophysical analysis. Surficial observations (e.g., grave markers, slumping of grave shafts, and ground 
cover) are closely compared with the GPR reflectance profiles and three-dimensional interpolations. Two-
dimensional profiles may reveal forensic evidence of grave shaft incision, slumping stratigraphy, and 
depth to the coffin or remains.  Rendered amplitude maps can also provide spatial patterning indicating 
rows of individual burials, vaults, coffins, or casket remnants.  
 
Assigning the term possible to a burial means that one or more pieces of forensic evidence are missing. 
Possible unmarked burials may also involve interments within severely decayed coffins or those buried 
within a shroud, resulting in poorly reflective targets or surfaces. Anomalies marked as possible burials 
may also represent other features, such as a tree throw, rodent dens, or a buried, faintly reflective 
geologic object. Disinterments are also common in cemeteries, and the geophysical signatures of these 
events cannot always be distinguished from those of burials in which coffins have degraded significantly.  
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Figure 5.4. Location of Grid 1 (bottom, yellow outline) and the near-field imaging (less than 0.20 ft) of probable burial shafts 
(top, left) and the subsequent probable burials (top, right) encountered at between 2.70 - 3.61 ft. 
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Potential disinterments can sometimes be identified when historical documentation of the event is 
compared with survey data, as surrounding graves exhibit features such as minimal disturbances and well-
preserved coffins.  
 
The maps and other graphic data provided within this section of the report are intended to illustrate the 
findings of the GPR survey. Separate annotation maps of these GPR amplitude maps in the plan view are 
also included. Select relevant, two-dimensional reflectance profiles of probable and possible burials are 
annotated to provide examples of interpretations of the morphology of marked and unmarked graves.  
 
For the entire survey, gridded GPR survey 
collection began in the most convenient 
corner to maximize the survey lines within 
the complicated area of the fenced lot. 
Field conditions were challenging due to 
trees and existing structures (i.e., the 
substation, transformers, a shipping 
container, and telephone poles). When 
possible, observed surficial features were 
subsequently mapped at the end of the 
study for comparative analysis with the 
collected GPR data.  
 
The two-dimensional reflectance profiles, 
three-dimensional interpolations, plotted 
grave markers, and mapped subsidence 
areas were closely inspected to map each 
interment. The GPR profiles within the 
survey area exhibited forensic evidence of 
weak and strong reflectors associated with potential coffins, decayed coffins, shrouded burials, and pit 
burials. Like the prospection, evidence of incisions, probable and possible coffins, burial vaults, and 
exceptionally intact interments was visible in the two- and three-dimensional interpolations (Figure 4.5).  
 
Single human interment in a defined cemetery or burial ground involves the excavation of a grave shaft, 
the committal of the individual into the excavated trench, and subsequent backfill. The process notably 
impacts the near-surface (within the first 0.75 ft) homogeneous parent subsoils, as more profound and 
often denser soils are scattered around the grave. The resulting discombobulation creates a subtle 
compositional contrast to the surrounding natural stratigraphy, which creates a thin layer of “ejecta.” 
 
Under the right conditions, the sensitivity of GPR can detect discrete changes in near-surface soil densities 
with contrasting dielectric characteristics in a controlled, tightly spaced survey and subsequent 
interpolation of collected data. This ejecta pattern can provide researchers with an additional forensic 
tool in spatial and, in some cases, temporal burial patterning within a cemetery context. 
 
Several areas of ejecta were noted throughout the survey grids, particularly in areas where profiles 
indicated forensic evidence of graves but failed to produce three-dimensional amplitude maps, and 
filtering was unsuccessful in isolating individual interments.  
 
 

Figure 5.5. A reflectance profile from GPR Grid 1 shows strong and 
weak reflectors likely representing intact (yellow arrows), partially 
decayed, or fully decayed coffins (blue arrows). 
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Figure 5.6. Planview of two transects (bottom) and corresponding reflectance profiles (top). Shallow graves, some only 0.54 
ftbs (top, left) can be seen on the slope near the shipping container (blue arrow). Deeper, intact graves, approximately 3.5 to 
4.2 ftbs (yellow arrow) can be found in the northwest corner of Grid 1 (top, right). 



 

46 
 

  

Figure 5.7. Thermal drone imagery of the 1857 Manchester Municipal Cemetery. Note the series of defined trenches visible in 
the northern portion of the lot. 
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Figure 5.8. DEM of the 1857 Manchester Municipal Cemetery derived from drone imagery. Note the exceptionally faint rows 
of potential subsided graves shafts in the northern half of the DEM. 
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A random selection (n=20) of the probable unmarked graves in what appears to be relatively intact 
portions of the lot (specifically Grids 1 – 3) ranged from 1.87 ft to 4.56 ftbs, averaging 3.65 ft to the top of 
the observed interment. In the lower elevation portions of the site (i.e., near the substation, on the slope 
where the container is located, and south of the substation), the soil appears to have been stripped or 
altered for construction purposes. In these areas, where probable grave signatures were noted, depth to 
the surfaces of the interments was much shallower, with some observed at just 0.54 ftbs (Figure 4.6).  
 
Typical cemeteries exhibit rows of burials, but the temporal nature, often a long period between burials, 
frequently results in the graves being only arrayed in loosely aligned rows. One notable, unique feature 
of the probable graves at the 1857 Manchester Municipal Cemetery was the clarity of the data set and 
the long, nearly perfectly straight rows of interments. This was evident in the GPR data set and the thermal 
drone imagery collected by TerraSearch (Figure 4.7) but was faintly visible in the DEM rendered from the 
same data set (Figure 4.8).  
 
Additional inspection of each grave within the rows revealed a deviation of only 0.40 ft between the top 
of the observed probable coffin within the trench. This forensic data may suggest mass individual burials 
within trenches that span the length (W-E) of the lot (and likely outside the bounds). In addition to the 
trenches, a series of geometric features (rectangular) were noted in at least two areas of the cemetery. 
Two- and three-dimensional interpretation of the features indicates that these may be potential burial 
pits for bodies or portions of bodies. Typically referred to as “limb pits,” it was also clear that subsequent 
burials superseded the potential pits (Figure 4.9). 
 
Two- and three-dimensional geophysical targets representing probable coffins, decayed coffins, clothed 
remains, or shrouded remains were assigned a representative two-dimensional shape. The resulting 
spatial data set provided additional supporting forensic information about the location of probable and 
possible graves (Figures 5.10 & 5.11). The synthesis of the collected forensic data (geophysical and thermal 
drone imagery) identified over 472 probable and 270 possible graves within the bounds of the lot. An 
accurate count of graves within the fenced-in area was difficult due to natural (i.e., groundhog tunnels 
and dens) and anthropogenic disturbances (i.e., roads, previous construction activities, lot grading) likely 
obscuring many more. It should be noted that it is clear from the geophysical data and the drone imagery 
that graves likely exist outside the bounds of the lot.  
 
In addition to the enclosed area survey, TerraSearch conducted a limited high-resolution GPR survey of 
approximately 300 ft (W-E) of Wise directly south of the lot. Although the data was exceptional in 
identifying utilities in the street (e.g., trenches, boxes, pipes, and gas lines), only two potential interments 
or remnants of graves were identified (Figures 5.12 & 5.13). The amount of disturbance and interference 
from the pavement, utilities, repair trenching, and utility boxes precluded assigning the term probable or 
possible for either geophysical target (Figures 5.14 & 5.15).  
 
Additional Anthropogenic Features 
Two non-funerary features were found in the 1857 Manchester Municipal Cemetery. Two deeply-buried, 
circular features were located in Grids 2 and 3 (Figure 5.16). In the two-dimensional reflectance profiles, 
the features exhibit clarity at around 5.70 ftbs, showing forensic evidence of potential well or night soil 
(privy) shafts and subsequent subsidence. Where the profile is clearest at around 6 ftbs, both shafts 
appear to be approximately 4 ft in diameter. Possible evidence for a lining and significant subsidence of 
stratigraphy can be seen in both profiles, but is most evident in the shaft in geophysical Grid 2 (Figure 
5.17). Potential interments appear to cut the stratigraphy for the features, suggesting they were in use 
before the Cemetery.  
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Figure 5.9. Potential pit features (blue and yellow rectangles) superseded by probable graves. The blue arrow represents the 
corresponding reflectance profile (inset) from the GPR transect. 



 

50 
 

  

Figure 5.10. Three-dimensional interpolation map of potential burials at the 1857 Manchester Municipal Cemetery at 3.50 
ftbs (1 ft slice thickness), non-annotated. 
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Figure 5.11. Annotated three-dimensional interpolation map of potential burials at the 1857 Manchester Municipal Cemetery 
at 3.50 ftbs (1 ft slice thickness) showing probable graves (black outline) and possible interments (white outline). 
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Figure 5.12. MALA HDR GPR interpolation map of potential burials in Wise Street (yellow and blue arrows). 
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Figure 5.13. MALA HDR GPR interpolation map of potential burials in Wise Street annotated (yellow and blue arrows) and the 
corresponding two-dimensional reflectance profile showing the target (inset). 
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Figure 5.14. MALA HDR GPR interpolation map of utilities beneath Wise Street (2 ft interval slice).   
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Figure 5.15. Annotated MALA HDR GPR interpolation map of utilities (dotted yellow lines) beneath Wise Street (2 ft interval 
slice).   
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Figure 5.16. Two potential wells or night soil depository (privy) shafts (bottom, yellow arrows) in GPR Grids 3 (top left, inset) 
and Grid 4 (top right, inset). Black arrows represent potential interments. 
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Figure 5.17. Annotated potential wells or night soil depository (privy) shafts (bottom, yellow arrows) in GPR Grids 3 (top left, 
inset) and Grid 4 (top right, inset). Note the slumping stratigraphy towards the top. 
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CHAPTER V: CONCLUSIONS AND RECOMMENDATIONS 
 
TerraSearch Geophysical, LLC (TerraSearch) conducted a ground-penetrating radar (GPR) survey of 
approximately 1.28 acres of the 1857 Manchester Municipal Cemetery, located at 2313 Wise Street, 
Richmond, Virginia (-77.4545595oW, 37.51600004oN), in March 2025. The survey included geophysical 
prospecting, documentation, mapping of the cemetery, and a comprehensive GPR survey comprising nine 
geophysical grids.  
 
While comprehensive, the 1857 Manchester Municipal Cemetery GPR survey does not likely represent all 
potential graves within the gridded survey area. Although many of the probable and possible interments 
exhibited relative clarity in the geophysical analysis, the density of the burial pattern within the cemetery 
made absolute identification of all burials nearly impossible. Additionally, several reflectance profiles 
displayed evidence of burials that superseded each other – a common occurrence in burial grounds used 
over a long period or intensively, making the complete detection of each interment challenging.  
 
Despite these challenges, the synthesis and analysis of the geophysical data and the collected forensic 
information identified over 472 probable graves and 270 possible graves in the cemetery. The total 
number of identified graves (n = 742) far exceeds the number listed in the South Carolina Hospital Aid 
Association in Virginia: 1861 – 1862, list of deceased (n = 163) suggesting that the cemetery was in use 
either before the available burial records, or after the documented interments, later in the Civil War. The 
preliminary investigation, prospection, and rendering of three-dimensional amplitude maps and thermal 
imagery suggest that graves extend into the adjacent lots to the west, north, and east. Additionally, the 
MALA high-definition radar interpolated imagery indicates the potential for graves beneath Wise Street.  
 
The geophysical work at the 1857 Manchester Municipal Cemetery demonstrates the value of ground-
penetrating radar in identifying archaeological features, specifically forensic evidence related to human 
interments. The work also exhibits the power of geophysics combined with UAV photogrammetric imaging 
in delineating cemeteries. The data collected at the 1857 Manchester Municipal Cemetery has identified 
intact and sensitive resources, and any future ground disturbance should be avoided if possible. If ground 
disturbance is unavoidable, it is recommended that a qualified archaeologist monitor those activities 
within the bounds of the lot and beneath Wise Street.  
 
Finally, in the cemetery's GPR survey, every effort has been made to identify features of interest through 
geophysics and the analysis of the collected data. As with any geophysical survey, these methods are not 
foolproof and should be ground-truthed to verify the interpretations, if possible or warranted.  
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Figure 7.1. Three-dimensional amplitude map at 0.00 ftbs (slice thickness 1.00 ft). 



 

63 
 

  

Figure 7.2. Three-dimensional amplitude map at 0.50 ftbs (slice thickness 1.00 ft). 
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Figure 7.3. Three-dimensional amplitude map at 1.00 ftbs (slice thickness 1.00 ft). 
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Figure 7.4. Three-dimensional amplitude map at 1.50 ftbs (slice thickness 1.00 ft). 
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Figure 7.5. Three-dimensional amplitude map at 2.00 ftbs (slice thickness 1.00 ft). 



 

67 
 

 

Figure 7.6. Three-dimensional amplitude map at 2.50 ftbs (slice thickness 1.00 ft). 
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Figure 7.7. Three-dimensional amplitude map at 3.00 ftbs (slice thickness 1.00 ft). 
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Figure 7.8. Three-dimensional amplitude map at 3.50 ftbs (slice thickness 1.00 ft). 
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Figure 7.9. Three-dimensional amplitude map at 4.00 ftbs (slice thickness 1.00 ft). 
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Figure 7.10. Three-dimensional amplitude map at 4.50 ftbs (slice thickness 1.00 ft). 
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Figure 7.11. Three-dimensional amplitude map at 5.00 ftbs (slice thickness 1.00 ft). 
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Figure 7.12. Three-dimensional amplitude map at 5.50 ftbs (slice thickness 1.00 ft). 



 

74 
 

  

Figure 7.13. Three-dimensional amplitude map at 6.00 ftbs (slice thickness 1.00 ft). 
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Figure 7.14. Panoramic view of the survey area looking southwest. 

 

Figure 7.15. Panoramic view of the survey area looking southeast. 
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Figure 7.16. Panoramic view of the survey area looking northwest. 

Figure 7.17. Panoramic view of the survey area looking northeast. 
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Figure 7.18. Panoramic view of GPR Grid 8 using the UtilityScan 350 MHz HS looking northeast. 

 

Figure 7.19. Panoramic view of the MALA MIRA HDR survey of Wise Street looking northwest. 

 


