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Executive Summary 
Indiana University Center for Underwater Science conducted underwater 

archaeological investigations of the historic shipwreck J.D. Marshall during 2019, 

in order to produce highly accurate 3D models, which will aid researchers and site 

managers in tracking the state of biological and cultural resources on the J.D. 

Marshall Preserve. The results of these investigations can be used for baseline 

monitoring and management, as well as for increased interpretation for outreach 

and education purposes. 

Built in 1891, the J.D. Marshall was a wooden lumber hooker that 

operated on Lake Michigan until it sank in 1911. Before sinking, the Marshall was 

semi-converted to a sand-barge by using parts salvaged from the burned 

Muskegon. This conversion ultimately led to the Marshall’s demise, as the old 

wooden vessel was unfit to carry large loads of lumber, let alone large loads of wet 

sand. The J.D. Marshall represents important innovations in engineering, 

commerce, transportation, and industry. Since 2016, Indiana University has been 

conducting ongoing direct-diver and photogrammetric surveys in order to assist 

with management decisions and support public outreach efforts, with funding from 

the Indiana Department of Natural Resources Lake Michigan Coastal Program and 

the National Oceanic and Atmospheric Administration. This report presents the 

methodology and results of this ongoing assessment. 
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Indiana Lake Michigan Coastal Program 
Coastal Grants Program 

2018 Funding Cycle Full Proposal 

LMCP FULL PROPOSAL 2018 FUNDING  1 

 
INSTRUCTIONS:    1. Read the 2018 Funding Cycle Application Guidance before completing this form. 

2. Deadline for Submission: 5:00 p.m. C.S.T Friday, December 15th, 2017  
Proposals MUST be RECEIVED by the above deadline, and may be submitted at 
ANY time before the deadline.  

   3. Required for Submission:  
1 complete electronic copy, submitted via e-mail, or mailed or hand-
delivered on CD – Preferred in MS Word format, or pdf that can be copied 
(no scanned copies, please).  The electronic copy may be e-mailed to 
mbyrne@dnr.in.gov if it is smaller than 24 MB.  **Do not submit a hard 
copy.**  Office Hours are 9:00 am-5:00 pm 

  Grant applications may be e-mailed, mailed, or hand delivered to:  
   Maggie Byrne, Grant Specialist 

mbyrne@dnr.in.gov 
Lake Michigan Coastal Program 

   Indiana Dunes State Park Annex 
   1600 North 25 East 
   Chesterton, IN 46304 
   Ph: 219-983-9912 
    

1. Project Title: J.D. Marshall 3D Photogrammetry and Underwater Museum Interpretation 

2. Organization Applying: Indiana University Center for Underwater Science 

3. Type of Organization: State college or university      

4. County:                       Lake                       Porter                    LaPorte 

5. Project Manager 6. Grant Administrator 

Name: Charles D. Beeker Name: Steven A. Martin 

Title: Director, Center for Underwater Science Title:  Associate Vice President, Office of Research 

Administration 

Address, City, State, Zip: 1025 E. 7th St, 

Bloomington, IN 47405 

Address, City, State, Zip: 509 E. Third St, Bloomington, IN 

47401 

Phone: 812-855-5748                     Phone: 812-855-0516                     

Email: cbeeker@indiana.edu Email:rugs@indiana.edu 

mailto:mbyrne@dnr.in.gov
mailto:mbyrne@dnr.in.gov
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10. BRIEF SUMMARY OF PROJECT 
All project categories 

 

Name of individual authorized to sign Grant 

Agreement, and their e-mail address:  Steven A. 

Martin   

DUNS Number:         

 

8. Project Cost 
 
LMCP Share: $15,428.29 
 
Applicant Share: $15,865.00 
 
TOTAL: $31,293.29 
 
9. Watershed Location: Hydrologic Unit Code (HUC).  To find your HUC code, paste this link into your browser:   
http://in.gov/idem/cleanwater/pages/huc/ 
10-Digit HUC: 04060200010   
   

12-Digit HUC: 04060200010010 

 
 
 
 
 
Use this space to write a SHORT, ONE- OR TWO- SENTENCE PARAGRAPH that summarizes your project.  See “Full 
Proposal Guidance and Instructions” document for instructions on how best to answer this question: 

7. CHOOSE ONE PROJECT TYPE 
     FIRST choose ONE color-coded project CATEGORY 
     SECOND choose priority or “Other” WITHIN that category 
     ***check only ONE box***  

(§306a) Low Cost Construction  
      Improving access to coastal resources for 
persons with disabilities using the Public Access 
Needs Assessment – Report. 
Public Access Needs Assessment - Report 
    Other 

 
 
(§306) Education / Outreach 

 Green infrastructure maintenance education or 
training 

  Other 
(§306a) Acquisition  
     Lands identified as natural areas of high 
conservation value 
     Other 

(§306) Applied Research 
   Economic impact of projects funded by the Lake 

Michigan Coastal Program 
  Other 

(§306) Planning / Coordination / Management      
   Development of long-term, natural resource 

management plans for existing protected areas 
using the DNR’s Nature Preserve Management 
template 
https://secure.in.gov/dnr/lakemich/6036.htm 

  Other 

(§306) Emerging Issues (check two boxes) 
 Response coordination for spills and releases of 

hazardous materials (check one box below) 
                 Planning/Coordination/Management 
                 Education/Outreach       Applied Research 

http://in.gov/idem/cleanwater/pages/huc/
http://in.gov/dnr/lakemich/files/lm-Public_Access_Needs_Assessment.pdf
https://secure.in.gov/dnr/lakemich/6036.htm
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        The J.D. Marshall is currently a protected, underwater nature preserve offshore from the Indiana Dunes State 
Park beach. Indiana University  will conduct underwater archaeological investigation of the J.D. Marshall historic 
shipwreck to produce an accurate 3D photogrammetric model to be used for baseline monitoring and site 
management.The photogrammetric model will be used to create an interpretive tour of the shipwreck on the 
Indiana DNR website for public outreach and education, demonstrating the importance of protecting Indiana's 
maritime heritage to both the diving and non-diving public.  

Briefly and concisely: 
• State the problem or issue that this proposal addresses

Shipwrecks in the Great Lakes are often in danger of negative impacts due to invasive species,
weather activity, and human activity. The primary way to prevent potential unwanted natural or
anthropogenic impacts to the shipwreck is through the creation of baseline monitoring to develop
an immediate protection strategy. There is also a distinct lack of awareness of the existence of this
imporant, historic shipwreck itself. This modeling project will aim to increase resource stewardship
through public education and outreach, which will ultimately lead to much-needed resource
protection and management, while providing accurate, reproducible 3D visual documentation of the
shipwreck.

• Explain how the public has been involved in either identifying the problem or developing the
project.
The public is widely unaware that just off of the coast of the Indiana Dunes State Park and National
Lakeshore, there lies another, underwater, nature preserve. This project seeks to not only provide a
baseline for monitoring to prevent damage to this public space, but also to bring the existence of
this park to the attention of the public. Recent calls for the National Lakeshore portion of the Dunes
to become a National Park reflect increases in tourism and a public desire to protect the resources
of Lake Michigan. However, most people are unaware of the intrinsic values that a significant
historic shipwreck brings to a region, such as knowledge of the past, increases in tourism revenue,
and increases in biological activity. This project hopes to bring more attention and publicity to the
submerged resources of the area, specifically the JD Marshall Underwater Preserve.

• How will the project will address the problem?
Comprehensive documentation of the shipwreck is a high priority for the successful management
and public interpretation of the JD Marshall. The 3D model and orthomosaic produced by this
project will be highly detailed and accurate, and will serve as invaluable monitoring tools for ongoing
management of the JD Marshall shipwreck. The need for a highly detailed and accurate textured
model is apparent and the primary way to quantify potential changes to the site is through the
creation of a baseline monitoring tool to develop a protection strategy.

Additionally, this project and the creation of a online-accessible 3D model aims to increase resource
stewardship through public education and outreach about the importance of Indiana's maritime
heritage. This project will increase public awareness of cultural heritage eco-tourism and additional
recreation opportunities in Porter County.

• Include important background information.
The JD Marshall is a significant historic shipwreck built in 1891 that sank in June of 1911. The

shipwreck was first surveyed in 1984 by State Archaeologist Gary Ellis. The ship is likely eligible for
inclusion on the National Register of Historic Places, based on its potential to yield important

11. ADDRESSING THE PROBLEM AND MEASURES OF SUCCESS
All project categories 
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information about late 19th and early 20th century Great Lakes maritime technology and 
architecture. In 2013, the J.D. Marshall became the state of Indiana's first underwater preserve and 
shipwreck park.  

• Discuss the project goals and outcomes.
The ultimate objective of image acquisition is to collect sufficient overlapping imagery to align
images and generate a 3D model and orthomosaic using computer vision photogrammetry. The
photogrammetric 3D model will be used to create an interpretive tour of the shipwreck for public
outreach and education, demonstrating the importance of protecting Indiana's maritime heritage to
both the diving and non-diving public. This model will be created as a part of this project and will
then be available to the public via the Indiana DNR website.

• How you will measure success?
The first and most obvious measure of success will be the accuracy of the 3D model produced as a

result of this project. Following the creation of the model, success of the public outreach portion of this project will 
be measured  by the number of people who view the model online or as part of a display in the Indiana Dunes State 
Park Nature Center. Measurement of the success of the model as a monitoring tool could be measured by 
documenting the shipwreck in a few years time and noting the changes from the model.    

a. Describe the project location.  Include street address, and latitude and longitude coordinates, where applicable.
600 yards off-shore from the Indiana Dunes State Park, Porter County.

b. Describe what natural or cultural resources will potentially be affected.
No natural or cultural resources will be affected by the archaeological investigation of the J.D. Marshall. The
investigation and creation of the 3D photogrammetric model will be entirely non-invasive.

c. Does the project require the use, lease, or purchase of land?
No

d. List all contracts that will be charged to the grant. Describe the scope of services for each contract.
N/A

e. List all of the partner organizations that will be involved in the project.  Describe their roles in the project.
Please be sure to attach letters of support for this project from each of the major organizations partnering with
you on this project.
Indiana University Center for Underwater Science: QP archaeologist and scientific divers for field investigation
and 3D modeling production with identified areas of sensitivity and interpretation
Indiana DNR Division of Historic Preservation: Permit for archaeological survey and investigation
Indiana DNR Fisheries: Location and dive operation assistance

f. All LMCP grant projects are required to do some form of education and/or outreach, so that the public will be
made aware of the project.  Please describe how the public will be informed about this project.
This project is intended to use 21st century technology (computer vision photogrammetry) to provide Indiana
DNR baseline 3D monitoring and interpretive information for public outreach and education. The J.D. Marshall

12. PROJECT DESCRIPTION
Address all of the issues listed below as they relate to your project.  All project 

categories must answer questions a-f.  The rest are color-coded according to category. 
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is an underwater museum, accessible by the diving population, that with advances in 3D modeling technology 
can be appreciated by the wider public via websites such as sketchfab.com or the Indiana DNR website.     

g. For Low Cost Construction and Land Acquisition category projects, NOAA requires maintenance for a
minimum of 20 years.  Describe how the project will be monitored/maintained for 20 years, who will be
responsible for monitoring/maintenance, and the expected life of the project.

h. For Low Cost Construction and Land Acquisition category projects, describe the project’s plan for public
outreach/public access, and how that will protect the resource from unauthorized use.

i. For Low Cost Construction and Acquisition Projects ONLY, identify the specific flood zone(s) designation
(e.g.,V1-30 zone, A1-30 zone) in which your project is located, using this website https://msc.fema.gov/portal.
Everything is identified as having some flood zone classification, so you cannot answer this question by saying,
“project site is not located in a flood zone.”

j. For Low Cost Construction and Acquisition Projects ONLY, describe the broad and lasting public benefit that
will result.  Please explain how this project will benefit many different user groups of people, and how it will
benefit those people for at least 20 years.

k. For Low Cost Construction and Acquisition Projects ONLY, describe how the project meets requirements of the
Americans with Disabilities Act.

l. For Low Cost Construction Projects ONLY, list all permits that may be required to undertake the proposed
project.

m. For Low Cost Construction Projects ONLY, describe the type of construction materials, and the type of
construction methods to be used.

n. For Low Cost Construction Projects ONLY, describe the best management practices which will be used both
during and after construction to avoid, minimize, or mitigate any significant impacts, such as erosion and storm

https://msc.fema.gov/portal
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water pollution.  
 
      

 
o.  For Natural Area Restoration Projects ONLY, identify the restoration goals for the project area, discuss past 

work completed in the project area, if applicable. 
 
      
 
 
 

 
p. For stormwater BMP projects: 

 
• Discuss the potential pollutants the BMP will address, and the sources of those pollutants 

      
• Provide a map that shows the location and approximate dimensions of the BMPs 

      
• Provide seeding/planting specifications 

      
• Provide operation and maintenance guidelines for each BMP 

       
 

q. For Applied Research Projects ONLY, describe the end use of the research data and how your project partner 
will utilize the data/information. 
 
      

 
r. For Education/Outreach Projects ONLY, describe the target audience, and explain how the project meets State 

of Indiana Academic Standards. 
 
      



Indiana Lake Michigan Coastal Program 
Coastal Grants Program 

2018 Funding Cycle Full Proposal 

LMCP FULL PROPOSAL 2018 FUNDING  7 

 
 
 
 

 
 

 Areas of unique, scarce, fragile or vulnerable habitats  
  Habitat of endangered or threatened plant or animal species 
  Natural areas that contain high quality natural communities, and usually contain species of plants 
        or animals considered endangered, threatened or rare 
  Areas that contain assemblages of rare species including one or more species of plant or animal 
        considered rare, special concern, or watch list 
  Areas that contain natural community types that are rare in the State of Indiana (see Table 8.1) 
  Dedicated state nature preserves 
  Streams classified as natural, scenic, or recreational rivers 
 
 

 Areas of historical significance, cultural value, or substantial recreational value or opportunity 
  Site, district, object, and building significant in the development of Indiana, local history,   
        architecture, archaeology, and culture that possesses integrity of location, design, setting,  
        materials, and workmanship 
  Properties rated as “Outstanding” or “Notable” in the Indiana Historic Sites and Structures  
        Inventory 
  Property achieving historical significance within the past 50 years 
  Archaeological sites whose contextual integrity has not been significantly altered by natural        
        sources or human activities 
  Existing public access sites to lakes, fishing along the shoreline and boat ramp facilities  
  Areas along the Lake Michigan shoreline and salmonid streams that are suitable to provide public 
        fishing access, are not presently providing access, and would not interfere with other areas of  
  concern 
  Areas which are conducive to the expansion of interpretive and educational facilities 
  Marshes, bogs, and swamps of significant recreational value for sport fishing, hunting, and or     
        wildlife viewing 
  Areas suitable to trail opportunities for walking, hiking, bicycling, horseback riding, and cross       
        country skiing 
  Public lands managed by the Division of State Parks or the Division of Fish and Wildlife  
  Offshore shipwrecks 
 
 

 Areas of high natural productivity or essential habitat for living resources, including fish, wildlife, 
endangered species, and the various trophic levels in the food web critical to their well-being 
  Sites designated as Salmonid streams and tributaries required for spawning and release sites 
  Isolated marshes, bogs, and swamps including those not regulated by federal and state laws 
  Offshore waters used by migratory waterfowl 
  Stopover habitat used by migratory birds 
   Public lands managed by the Division of Fish and Wildlife: Fish and Wildlife Areas or Wetland  
  Conservation Area  

13. IMPACT ON COASTAL RESOURCES – FOR LAND ACQUISITION AND  
LOW COST CONSTRUCTION PROJECTS ONLY  
How does the project address an Area of Particular Concern 

for the Lake Michigan Coastal Program (check all that apply): 
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  Shoreline waters required for the reproduction of fish species other than salmonids 
  Riparian corridors and in-stream habitat 
  Wetlands including marshes, bogs, fens, mesic and wet prairie, and swamps as identified by the 
  U.S. Fish and Wildlife Service National Wetlands Inventory 
 

 Areas needed to protect, maintain, or replenish coastal lands or resources including coastal flood plains, 
aquifers and their recharge areas, sand dunes, and offshore sand deposits 
  Areas eligible as filter strips under the Filter Strip Act 
  Undeveloped flood plains 
  Wetlands as identified by the U.S. Fish and Wildlife Service National Wetlands Inventory 
  Recharge areas mapped in the Atlas of Hydrogeologic Terrains and Settings of Indiana 
  Sand dunes 
  Offshore sand deposits 
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a. Describe how this project addresses a high priority need as identified in state/regional recognized plans, local 
planning efforts, or your organization/agency’s strategic plan.  Please identify the Plan, where this project 
specifically appears in the Plan (page number), and provide the link to the web page where it may be found.  If 
it is not online, then provide a photocopy of the pages of the plan to which you refer.  

  As identified in the 2016 Muskegon Intrusive Modern Pipe Assessment (pages 7-8 attached) 
submitted to the Indiana Department of Natural Resources’ Lake Michigan Coastal Program, 
comprehensive documentation of Indiana shipwrecks is a high priority and is necessary for the successful 
management of the J.D. Marshall. As with surrounding states and coastal regions, historic shipwrecks are 
of increasing interest to the diving and non-diving public and the J.D. Marshall is Indiana's first 
underwater preserve. Indiana University recommend that creating a full photogrammetric model of the 
entire shipwreck could be used as a ”detailed, accurate, and cost-effective monitoring baseline, and if 
made available online, as a tool for interactive public outreach by the INDNR” (Maus, Haskell, 2016, p. 7). 
Indiana University has successfully created photogrammetric models of the Muskegon, and the creation 
of similar models for the J.D. Marshall would be invaluable for preserving Indiana's maritime heritage. 
This project would encompass the entirety of the ship, creating a baseline for annual rapid assessment 
protocol conducted by divers under the direction of a qualified archaeologist (Maus, Haskell, 2016, p. 8).    
 
b. for Planning/Coordination/Management category projects ONLY, describe how this project fulfills a planning 

need identified by a community or organization 
 

  "An updated archaeological survey of the 
J.D. Marshall is recommended as it could provide adequate documentation for NRHP 
nomination, and minimally document the extent of settling of the bow section" (Beeker, Budziak 2009, p. 
11). This project will accomplish comprehensive documentation of the entire shipwreck.   

 
c. Will this project result in an application to the Regional Development Authority (RDA) or is connected to an 

 existing RDA application or project?  YES  NO  
 
 

 
 
         YES  NO  

14. CONSISTENCY WITH, AND IMPLEMENTATION OF, AREA PLANNING EFFORTS 
 All project categories must answer these questions.  Assume that the reviewers of your application have not seen your answer in the 

Pre-Proposal.   
 

15.  HAS YOUR ORGANIZATION RECEIVED A LMCP GRANT IN THE PAST? 
All project categories  
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Category LMCP 

Request 
Match: 
Cash 

Match: 
In-Kind 

Total  

Personnel $5,935.00       $10,392.00       

Fringe $903.10       $2,723.00       

Travel $3,950.00                   

Supplies $900.00       $2,750.00       

Contractual                         

Indirect rate = 32 % $3740.19              

Totals $15,428.29       $15,865.00 $31,293.29 

 
 
a. Describe, in detail, project activities that will be funded with LMCP FEDERAL FUNDS.  Please be specific. 
 1. Summer salary for IU 2 faculty and 2 research assistants-$5,935.00 
2. Summer salary fringe benefits for faculty and research assistants-$903.10 
3. Travel (Mileage, lodging, and per-diem) for faculty, staff, and research assistants-$3,950.00 
4. Coded photogrammetric targets for increased alignment accuracy-~$150.00 
5. Additional GoPro Hero 5 camera with memory and underwater housing for 3D documentation of the entire 
shipwreck site-$600 
6. Filters for portable breathing air compressor to fill scuba cylinders-$150.00 
6. Federally negotiated indirect of 32%-$3,740.19 
b. Describe, in detail, project activities that will be funded with NONFEDERAL matching funds. 
 1. Second summer salary (11% FTE) for project director/Qualified Professional Archaeologist from the Indiana 
University Department of Kinesiology ($10,392.00) 
2. Fringe (26.2%) benefits for project director/Qualified Professional Archaeologist from the Indiana University 
Department of Kinesiology ($2,723.00) 
3. IU scuba diving and research equipment (use value: $2,750) provided by Department of Kinesiology diving 
locker will be utilized to include: 
 
Portable breathing air compressor, individual diving equipment, underwater GoPro Hero 5 cameras and video use 
for photogrammetric documentation diver specific first aid and safety equipment (with AED and Oxygen), 
underwater archaeological documentation equipment (measuring reels, compasses, writing slates, Canon G11 
cameras with underwater housing, photobars, etc) and the use of Indiana University's computer with adequate 
processing power (32+ GB RAM) in order to process photogrammetric models. 
Total Non-Federal matching funds: $17,865 
c. Explain the source of these matching funds.  Please be specific.  Attach proof of match.  
 Indiana University Academic Diving Program, Department of Kinesiology, Center for Underwater Science 
 

17.  ACCEPTANCE OF THE TERMS OF THE GRANT GUIDANCE 
All project categories  

 

16.  PROJECT BUDGET 
Provide an estimated breakdown of the project budget using the table below.  Please be certain to re-read the 

2018 Full Proposal Guidance Document when completing this section. 
All project categories  
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“I have read and accept the terms of the Lake Michigan Coastal Grants Program 2018 Funding Cycle Application 
Guidance document.” 
 
Signature:       
 
Date:       
 
 
 
 
 
 
 
 
 



Exhibit A 

Project Timeline 

Indiana Lake Michigan Coastal Grants Program 

 

Applicant: Indiana University 

 

Project Title: J.D. Marshall 3D Photogrammetry and Underwater Museum Interpretation 

 

Project Timeline:  September 2018 – December 2019 

 

Summary:   Indiana University Center for Underwater Science will conduct underwater archaeological 

investigation of the J.D. Marshall historic shipwreck to produce an accurate 3D photogrammetric model 

which will identify significant remaining features and their respective sensitivity. The results of this 

investigation and computer vision photogrammetry will be utilized for baseline monitoring and 

management, as well as an interpretive model for outreach and education. 

 

TASK ONE: Project Planning 

September 2018- June 2019 

1. Apply for necessary permits and permission for archaeological investigation 

2.  Organize and secure equipment for field work 

3.  Coordinate travel and diving logistics (boats, hotels, etc) 

4.  Coordinate photogrammetric data collection strategy 

 

TASK TWO:  Project Implementation 
July 2019 

1. Conduct photogrammetric survey of J.D. Marshall 

2. Collect supplementary data using traditional methods 

3. Identify key artifacts and features for interpretation and/or conservation 

4. Create database for the storage of data collected for this project 

 

July 2019 – September 2019 

1. Produce 3D model of J.D. Marshall using Agisoft Photoscan 

2. Draft final report of photogrammetric survey with recommendations for future development as an    

 underwater park 

3. Submit model, photos, data, and metadata for this project to the state for inclusion in the Heritage 

 Database. 

 

TASK THREE:  Public Outreach and Education 

September 2019 –December 2019 

1. Work with partners to make public aware of the project through outlets they use to communicate 

with the public 

2. Post photogrammetric model and distribute this through outlets of project partners 

 

TASK FOUR:  Administration 

September 2018 – December 2019 

1. Track and record the hours of volunteers and professionals whose work will be counted as match 

2. Track and record the hours of staff whose work will be charged to the grant 

3. Submit quarterly financial and progress reports, due to LMCP Grant Specialist 14 days after each 

 quarter; beginning with your project start date. 

4. Submit semi-annual NOAA Performance Measures reports, due to LMCP Grant Specialist at the 

 same time as financial and progress reports. 

 



 

 

 

Work Products: 

1.  A report detailing the methodology used and the recommendations for protecting the site.   

2.  3D model of the site as a baseline monitoring tool for future research and management of the J.D. 

 Marshall as a cultural resource 

3. All photos, processing data, and metadata collected during the project 



Muskegon (aka Peerless) Shipwreck (12LE0381) 

Intrusive Modern Pipe Assessment 

  

 
 

Authors: 

Matthew Maus, MA, RPA, Research Coordinator, IU Center for Underwater Science 

Samuel Haskell, Research Associate, IU Center for Underwater Science 

Submitted by: Charles Beeker, PhD, RPA, QP, Director, IU Center for Underwater Science 

(Principle Investigator) 

Submitted to:  

Lake Michigan Coastal Program, Indiana Department of Natural Resources 

Division of Historic Preservation and Archaeology, Indiana Department of Natural Resources 

Project Dates: 12 – 13 July 2016 

Report Date: 15 August 2016 

This report and the work detailed herein were made possible with financial and logistical assistance 

from the Lake Michigan Coastal Program, Indiana Department of Natural Resources. 
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J.D. Marshall Preserve

J.D. Marshall (12Pr723) 3D Photogrammetry and Underwater Museum Interpretation

Lake Michigan Coastal Program Grant CZ844 
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Indiana’s Maritime Heritage 
The state of Indiana has the smallest territorial waters of any Great Lakes state, spanning 

just 45 miles of Lake Michigan shoreline and containing approximately 225 square miles of 

bottomland (See Figure 1) (Beeker et. al 2000, Haskell et al. 2018). Despite the state’s small 

amount of coastline, the Indiana Department of Natural Resources (DNR) has identified the 

potential of fifty unique, historic vessels in Indiana territorial waters, with wrecking dates 

ranging from 1843-1936 (Ellis 1989). Of these fifty potential shipwrecks, only fourteen have 

been located and are included in the Indiana Marine Cultural Resource Inventory (Ellis 1989).  

Historic shipwrecks in Indiana territorial waters are valuable examples of Indiana’s 

diverse and unique maritime history. These vessels offer a cross section of Indiana and Great 

Lakes cultural heritage and commerce, giving historians and archaeologists an intimate look into 

the historic use of our state’s coastal waters. Archaeological investigations of these shipwrecks 

can answer important questions concerning maritime technology and its influence on the 

historical landscape of the Great Lakes (Rogers 2016). Public awareness of submerged cultural 

resources creates a tie between local communities and a shared maritime heritage of the region, 

fostering a sense of stewardship for the protection of cultural heritage.  

J.D. Marshall Service History
The J.D. Marshall was built in South Haven, Michigan in 1981, by J.C. Perene at the 

Martel Boatyard, though the engines and boilers were likely built in Port Huron, Michigan (Ellis 

1986). Launched on July 4, 1891, J.D. Marshall originally served as a medium-sized wooden 

lumber hooker (See Figure 2) (Ellis 1986). Like other vessels of the type, the Marshall was an 

open-hulled wooden steamer, built to ply Lake Michigan with cut cordwood. Of average size for 

its vessel type, the J.D. Marshall measured 154.5’, with a beam of 33.5’ and a draft of 12’ (Ellis 

1986). During her early career J.D. Marshall worked under the Williams Transport Company, 

before being sold to J.O. Nessen and Company of Manistee, Michigan. Between these two 

owners, J.D. Marshall spent nearly twenty years involved in the lumber industry of Lake 

Michigan, before ultimately being sold to the Independent Sand and Gravel Company (Ellis 

1986).  

In late 1910 or early 1911, the Independent Sand and Gravel Company purchased the 

J.D. Marshall, in part with the insurance settlement from the loss of their only sand-barge, the 

Muskegon. When the Muskegon burned in October 1910, the J.D. Marshall was sent to
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Manitowoc Shipyards in Manitowoc, Wisconsin with parts from the Muskegon. The Muskegon 

was fitted with the same sand-sucking equipment at the Manitowoc Shipyards, only a few 

months earlier. Unlike the Muskegon, the Marshall was not reportedly fitted with Bishop 

Arches, which likely contributed to the Marshall’s demise (Ellis 1986). Metal reinforcement was 

reportedly added during the refitting of the J.D. Marshall, but the stresses of wet sand proved to 

be too much for the worn-down, converted lumber hooker (Ellis 1986; Michigan City Evening 

Dispatch 1911). Shortly after this refitting, the Marshall travelled back to Michigan City, 

Indiana. On June 10, 1911, the Muskegon was scuttled. On June 11, 1911, the newly-refitted 

Marshall sprang a leak. While under repair, a squall struck, re-opening the leak and eventually 

capsizing the converted sand barge. Upon capsizing, four men died and remnants of the J.D. 

Marshall littered local beaches, making the sinking event a community affair (Ellis 1986; 

Michigan City Evening Dispatch 1911). 

J.D. Marshall Salvage History
Upon rediscovery in 1979, the J.D. Marshall experienced tremendous disruption, mostly 

caused by salvage attempts (Ellis 1986). A number of large ship features were salvaged by 

divers, including the deck winch, rudder assembly, and bell. The deck winch and rudder 

assembly were later donated to the Michigan City Lighthouse Museum, and the bell, which was 

broken and has now been reconstructed, was donated to the Indiana Dunes State Park Nature 

Center (See Figure 3 and 4). It is unclear when the bell was broken, but extant fragments have 

been conserved and partially reconstructed by IU research students (See Appendix A).  

A large, illegal salvage attempt was made on the J.D. Marshall site in 1982 (Ellis 1986). 

A group of salvors from Michigan planned to lift the entire shipwreck, remove the propeller, and 

re-sink the wooden hull in shallow Michigan waters, where it would later be cut up and used to 

construct coffee tables and other souvenirs. Indiana DNR District 11 Conservation Officers 

halted salvage operations under state law, but the J.D. Marshall was already lifted off the bottom 

and its propeller had been removed. The salvors dropped the main hull back to the bottom, which 

resulted in significant damage and caused the hull to land upside down (Ellis 1986). The 

propeller was confiscated and is housed at Indiana Dunes State Park (See Figure 5). 
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Archaeological Investigations 
In August 2019, a team of researchers and archaeologists from Indiana University Center 

for Underwater Science (IU) completed two visual surveys on the J.D. Marshall. During these 

surveys, IU researchers used SCUBA to collect photogrammetric data, which were then 

processed to make 3D models of important features and the main portion of the J.D. Marshall 

shipwreck site (See Appendix B; Figures 5, 6, and 7). Additionally, IU divers collected images 

of the mooring system and other management aspects of the J.D. Marshall, in order to provide 

useful recommendations regarding management and public outreach of the J.D. Marshall 

Preserve.  

Based on 2019 survey, the J.D. Marshall appears to contain significant integrity, relative 

to its history. Invasive quagga mussel coverage is significant, but wooden portions of the ship 

are not yet covered completely (See Figure 8). Based on Gary Ellis’s 1986 Survey of the J.D. 

Marshall, the site condition appears to be relatively stable over a significant time period, with 

most disturbances stemming from anthropogenic impact, invasive species, and weather-related 

events. While a significant portion of the hull is now covered with sand, the stern portion of the 

hull remains extant and relatively intact (See Figure 9). The hull, as reported by Gary Ellis in 

1986, appears to be flattening slightly, due to the upside-down position of the shipwreck. Both 

the scotch boiler and upper engine assembly, noted in 1986, are present and in stable condition. 

The remaining scotch boiler is comprised of the condenser, firebox, and preheater (See 

Appendix D).  

Following 2019 surveys on the J.D. Marshall site, IU researchers visited salvaged 

artifacts around Michigan City, Indiana. Researchers stopped at the Old Lighthouse Museum in 

order to understand more about J.D. Marshall’s salvage history; in an effort to understand the 

context lost by salvage, researchers aimed to talk to locals about the Marshall’s history. While 

there, IU was consulted about the condition of the rudder, to which IU provided 

recommendations (See Figure 3) . IU researchers also went to Indiana Dunes State Park Beach 

and collected images of the J.D. Marshall’s propeller (See Figure 5).  

In addition to underwater and visual survey, IU transported the bell of the J.D. Marshall 

to laboratory facilities in Bloomington, IN, where research students spent the remainder of 2019 

cleaning and reconstructing it. The bell, which arrived in ten pieces, is now partially 

reconstructed. One piece remains unattached, to be used for hands-on outreach events. For more 

information on the reconstruction and conservation of the J.D. Marshall’s bell, see Appendix A. 
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The newly-reconstructed bell will be displayed at the Indiana Dunes State Park Nature Center. A 
new name plate, which reads, "J.D. Marshall Bell", was also made to promote increased 
interpretation. The name plate and bell were returned to the Indiana Dunes State Park Nature 
Center on January 25th, 2020 (See Figure 10).

Diving Operations 
On August 13th and August 20th, 2019, Indiana University conducted diving operations 

on the J.D. Marshall shipwreck from an Indiana DNR vessel, provided by Michigan City’s Fish 
and Wildlife Office. Four divers collected data for this report while on open-circuit SCUBA. The 
team conducted 8 total project dives, with a total of 5 hours and 35 minutes of bottom time. On 
both days, water conditions were calm, with a maximum visibility of 20 feet. Divers collected 
data by direct survey, using compasses, writing slates, cameras, photo bars, and coded targets. 
This project was non-invasive. 
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Photogrammetry 
In recent years, technological advances have made computer-vision photogrammetry 

(using structure-from-motion techniques) feasible for routine underwater archaeological 

recording and analysis (Van Damme 2015). Recent research has demonstrated that 

photogrammetry is feasible in low-visibility underwater environments, in which researchers may 

compensate for a restricted field of view by collecting more images in order to generate 

comprehensive, detailed, and accurate photogrammetric models. The photogrammetric 

methodology as employed in this study permits rapid-image acquisition in the field while also 

generating a high-quality three-dimensional model that allows detailed measurement and 

analysis after the conclusion of field work. Because of this, diver-based photogrammetry was 

selected as the primary recording tool for this project in order to efficiently and accurately 

document and analyze the site of the J.D. Marshall, in an effort to create a baseline for future site 

monitoring and maximize our data collection during the short time on-site (See Appendix B). 

Data Collection Methodology 
Prior to collecting images, divers deployed coded targets around the main portion of the 

shipwreck. Coded targets assist with image alignment and provide known distances, which 

allows researchers to establish scale and estimate total error in data collection. In order to align 

images and resolve three-dimensional objects, photogrammetry requires the camera position to 

change with every photograph, while acquiring a minimum of 60% side and 80% forward 

overlap for each image (Agisoft LLC 2016). To accomplish this, divers swam transects over the 

site while taking top-down photos, on two-second intervals, by using the interval time lapse 

function on two GoPro Hero 5 Black cameras. While swimming transects, divers maintained an 

average distance of 2-3m from the target area. Where divers encountered significant relief, on the 

Marshall’s boiler, main hull, and engine pieces, oblique photographs were also collected in order 

to resolve vertical complexity. Using this methodology, two IU divers collected 2,360 images of 

the J.D. Marshall on a single dive on August 13th, 2019 (See Appendix C). 

Post-Processing Workflow 
After data were collected, images were batch-processed in Adobe Lightroom, in order to 

correct white balance and to improve clarity, sharpness, and feature definition. Pre-processing 
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images in this way improves image alignment, final model quality, and texture detail resulting 

from photogrammetric processing. Next, AgiSoft Metashape was used to align images, and 

generate a dense cloud, mesh, and texture. The J.D. Marshall model was then processed as an 

orthomosaic, in order to create a site plan that can be distributed and labelled (See Appendix 

B). See Appendices C-G for full Agisoft Metashape Processing Reports. 
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Products 

IU will provide an external hard drive containing all products. Additionally, 3D models are 

available for online viewing through Sketchfab.com. 

 

• LMCP Full Grant Report 
• J.D. Marshall Preserve 3D model 

o https://sketchfab.com/3d-models/jd-marshall-preserve-
d4e25b0433864be28075fe69f474625e 

o J.D. Marshall Preserve Poster 
o J.D. Marshall Preserve 3D model video tour 
o J.D. Marshall Preserve 3D model processing report 

• Boiler 3D model 
o https://sketchfab.com/3d-models/jd-marshall-boiler-

57dcb14f3c3442879b94e610dcc6d5b7 
o Boiler 3D model video tour 
o Boiler 3D model processing report 

• Engine 3D model 
o https://sketchfab.com/3d-models/jd-marshall-engine-

49fe2b7b745c4d21acb5eb440f1a78f0 
o Engine 3D model processing report 

• Propeller 3D model 
o https://sketchfab.com/3d-models/jd-marshall-propeller-

5030368c49474e9c96fa1d69e218bff5 
o Propeller 3D model processing report 

• Bell reconstruction/conservation 
o Bell name plate 
o Bell conservation report 

• Bell 3D model 
o https://sketchfab.com/3d-models/jd-marshall-bell-

2aede847f7984d3fa5bbb79df5e33062 
o Bell 3D model video tour 
o Bell 3D model processing report 

• Underwater images for updated website content 
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Post-Project Maintenance 
Recent archaeological investigations of the J.D. Marshall prove that the site still has 

integrity. While obvious human-influenced factors have created irreversible change to the site, 

overall the integrity of the J.D. Marshall is not of great concern. Though invasive mussel species 

take a detrimental toll on submerged cultural resources in the Great Lakes, some site managers 

are suggesting that the quagga mussels may be affecting metal features faster than wooden 

vessels like the J.D. Marshall, due to pH changes (See Figures 11 and 12) (Thunder Bay 

National Marine Sanctuary 2013). While this is good news for shipwrecks like the Marshall, 

quagga mussels will likely continue to accumulate and degrade the remaining features. 

Documentation and baseline monitoring will ensure that future degradation does not discount the 

significance of the J.D. Marshall Preserve. In addition to cultural resource management, 

preserve managers should use photogrammetric data created during 2019 surveys as a baseline to 

monitor quagga mussel coverage on the J.D. Marshall. While there is significant coverage on the 

wooden hull and metal features, there is significantly less coverage on the J.D. Marshall than on 

other shipwrecks in Lake Michigan.  

In order for the J.D. Marshall to continue to receive attention, a valuable asset for 

underwater resources, IU recommends that divers install all three mooring buoys, at the 

beginning of each dive season (See Figure 13). Because IU promotes a common pool resource 

management theory, researchers believe that attracting attention and ties to local heritage create a 

shared interest in the resources of the J.D. Marshall Preserve, ultimately reinforcing legal 

protection. If locals are invested in the condition and well-being of the shipwreck and larger 

preserve, it is less likely that resources will be negatively affected. To create a shared interest, IU 

recommends that an historic marker buoy be installed to alert divers and boaters to the location 

of the J.D. Marshall (See Figure 14) and that mooring installations be assessed for wear 

periodically. IU also recommends that the plaque be re-placed underwater, where it should be 

mounted permanently. In an effort to maintain accessibility, Indiana DNR should rely upon 

institutional partners, like IU, to help carry out site maintenance and monitoring (See Figure 15). 
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Public Outreach Plan 
All 3D models produced as a result of 2019 surveys should also serve as a valuable tool for 

education and outreach, as they are highly accurate site maps that allow individuals of all abilities 

to experience Indiana Maritime Heritage through readily available platforms, such as 

Sketchfab.com. This shared heritage can be communicated through exciting modes of outreach, 

like Virtual Reality, in order to depict the history and information that can be understood through 

Indiana’s Underwater Cultural Heritage. In order to create a shared interest, preserve managers 

should utilize outreach materials created from 2019 surveys, and should plan to consistently install 

mooring buoys in an effort to make the J.D. Marshall an accessible dive site. Additionally, 

underwater dive slates could prove useful for attracting divers to the J.D. Marshall Preserve (See 

Figure 16).

By displaying the partially reconstructed bell, Nature Center visitors are able to see and 

touch a piece of maritime heritage. IU also recommends that the wrench from the J.D. Marshall is 

put on display or used during outreach activities, with interpretation (See Figure 17). With 

increased interpretation, in the form of signage, posters, pamphlets, and dive slates, local 

communities can continue to become involved in Indiana’s Maritime Heritage.  
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Data Sharing Plan 

Three-dimensional models of decimated quality, due to site upload constraints, have 

been posted online through Sketchfab.com for accessibility purposes. All models will also be 

stored in IU’s database and dispersed to J.D. Marshall Preserve managers via an external hard 

drive. These models will be a baseline for future resource managers, allowing scientists and 

preserve managers to understand the state of biological and cultural resources on the J.D. 

Marshall Preserve from above water. These models also serve as a valuable tool for education 

and outreach, as they are highly accurate site maps that allow individuals of all abilities to 

experience Indiana Maritime Heritage through readily available platforms, such as Sketchfab. 

This shared heritage can be communicated through exciting modes of outreach, like Virtual 

Reality, in order to depict the history and information that can be understood through Indiana’s 

Underwater Cultural Heritage.  
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Figure 1. Indiana’s Lake Michigan coastline has the potential for fifty unique, historic vessels. 

Figure 2. An historic image of J.D. Marshall, as a lumber hooker (Alpena County George N. 

Fletcher Public Library). 
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Figure 3. The J.D. Marshall’s rudder assembly and deck winch. 

 

 
Figure 4. J.D. Marshall bell, pre- and post-reconstruction. 
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Figure 5. The J.D. Marshall propeller, on display at Indiana Dunes State Park beach. 

 
 

 
Figure 6. A two-dimensional image of the J.D. Marshall boiler, which was used to create a three-

dimensional model. 
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Figure 7. 3D model of the J.D. Marshall engine. 

 

 
Figure 8. Quagga mussels partially cover the hull remains of the J.D. Marshall. 
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Figure 9. Exposed rudder post on the J.D. Marshall’s stern. 

 
Figure 10. The newly reconstructed J.D. Marshall bell and name plate at the Indiana Dunes State 

Park Nature Center. 
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Figure 11. Invasive mussel coverage on metal features. 

 
Figure 12. Invasive mussel coverage on metal features. 
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Figure 13. Indiana DNR diver Shane Brown installs mooring buoy on August 13th, 2019.  

 

  
Figure 14. An example of an historic marker buoy, recommended for the J.D. Marshall Preserve. 
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Figure 15. An IU Diver assesses the condition of cultural resources of the J.D. Marshall 

Preserve. 

 

 
Figure 16. Example waterproof dive slates, recommended for public outreach. 
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Figure 17. The wrench from the J.D. Marshall, housed at the Indiana Dunes State Park Nature 

Center. 
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Introduction 

Bells have been, and continue to be, a very important part of a ship’s routine and 

readiness. They have historically been used on ships for signaling, keeping time, and 

sounding alarms.   

In June of 1911, the J.D. Marshall sprang a leak and sank, about 600 feet from 

shore, in Lake Michigan. Researchers, including 

those from Indiana University (IU), have performed 

archaeological surveys of the shipwreck site, which 

Indiana DNR has designated part of the “J.D. 

Marshall Nature Preserve.” The J.D. Marshall’s 

bell was salvaged and was later donated to the 

Indiana DNR. Indiana University is currently working on conservation of the bell by 

reconstructing the pieces, using conservation-grade adhesive, and preparing the finished 

product for an educational exhibit. The IU Center for Underwater Science is working on 

the preservation of this bell for improved outreach at the Indiana DNR Nature Preserve. 
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History of Bells in Maritime Industry 

Because of the ceremonial and 

functional uses of ship’s bells, they remain 

relevant today. First mentioned aboard the 

Grace Dieu in 1485, bells have not lost their 

status as necessities aboard ships. Before the 

timekeeping technology that we see today, a 

crew member had the duty of watching an 

hourglass that kept time on the half hour, where the crew member was responsible for 

ringing the bell when he had flipped the hourglass, in order to alert everyone aboard to 

the amount of time that had passed. Sounding the bell in specific patterns would relay 

signals to crew members of the ship or other ships, if the sea was foggy or if there was a 

risk of collision (Wede 1972). With the invention of steam whistles, many ships began to 

transition into signaling with whistles instead of bells. Some captains refused to switch at 

first, but eventually a letter to the Secretary of the Treasury noted that the transition had 

been received well and worked just as well as bells (Morrison 1903). Although steam 

whistles did gain popularity, today maritime law requires all ships to carry an “efficient 

bell” (Naval 2018).  

 Currently, when ships of the US Navy are decommissioned the bells are removed 

and remain permanent property of the US Government. Ship bells are intrinsically tied to 

their ship and the country they serve due to this property law (Naval 2018). 
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Recovery and Conservation 

The J.D. Marshall was eventually fitted with used parts off of the Muskegon, a 

steam-powered passenger freighter formerly known as Peerless, which was renamed 

Muskegon after being converted into a sand barge (Keagle 2013). After being fitted with 

dredging equipment from Muskegon, the former lumber carrier sank on its very first 

voyage, as a result of heavy seas.   

In 1982, unsuccessful salvage attempts were made. Salvors did keep an unknown 

number of artifacts, including pieces of the bell from the J.D. Marshall and a large 

wrench (Keagle 2013). The rudder, while in poor condition, has been placed on display at 

the Old Lighthouse Museum in Michigan City, Indiana. The ship’s propeller, in better 

condition, can be found on the shore of the Nature Preserve, with a plaque for public 

interpretation.  

 

Figure 1. IU Researchers’ initial attempts to reconstruct the J.D. Marshall bell. 

In order to effectively use these salvaged artifacts to engage the local community 

in Great Lakes Maritime Heritage, IU Researchers initially became interested in 

reconstructing the bell of the J.D. Marshall. To do this, conservation-grade techniques 
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and supplies were used to ensure that the job was museum-quality. For this project, 

researchers first needed to clean the bell with a material that would not harm the brass, 

but would be able to thoroughly clean the pieces. Each piece of the bell was labeled, 

using a system to easily identify which seams fit together. These coordinated cracks 

determined the order in which each piece was glued, one or two a week until the entire 

bell was complete. 

 As each piece was glued, all extra adhesive was cleaned off of the surface with 

acetone. After a short drying period, masking tape was placed on the bell, stretched 

across each seam to hold the pieces in place during the curing process. Once every piece 

was secure, the masking tape was removed, as was all remaining adhesive, with acetone 

and soft-bristled brushes. One piece was left as a tool for outreach events, as it did not fit 

with any remaining edges of the bell. Once conservation work and cleaning were 

complete, photogrammetry data was collected and processed. 

 

Methodology  

During this process, IU researchers used conservation-grade adhesive, ideal for 

large, heavy artifacts that require a durable adhesive, while retaining the ability to reverse 

the process, if necessary. After consulting with local conservators, IU researchers decided 

upon HYXTAL, a two-part adhesive made out of a resin and hardener.  

 After many trial processes, IU researchers decided that one method of curing 

seemed to work best, and from that point on, adhesive was heated to 140 degrees 

Fahrenheit; adhesive was kept at this temperature for approximately ten minutes. The 
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adhesive was allowed to cool until it reached a consistency ideal for applying to pieces of 

the bell without seeping from the cracks or becoming too hard to work with. Once this 

consistency was reached, 1-2 individuals applied the adhesive with small craft 

paintbrushes (see Figure 3). After setting the pieces into place, they were cleaned with 

acetone (see Figure 6), and masking tape was placed over the seams to ensure that the 

pieces would not slide or shift during the hardening process (see Figure 8). 

This methodology was repeated for approximately six weeks, gluing 1-3 pieces 

per week, depending on the stability of the surrounding pieces. Each week, student-led 

conservation sessions were conducted until the entire bell was properly aligned and 

reconstructed. The conservation process took nine weeks of student-led efforts, with most 

of this time dedicated to the drying and curing process. See Figure 1-9 for conservation 

process. 

 

 

Figure 2. Initial condition of bell pieces. Image taken 12 August 2019. 
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Figure 3. Placing the first large piece onto the main portion of the bell. 

 

Figure 4. The bell, mid-conservation, with masking tape to ensure that pieces do not move during the curing 

process. 
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Figure 5. Internal view, mid-conservation. 

 

Figure 6. IU Research Assistants, Carley and Sarah, work to clean the bell after another piece was 

successfully set. 
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Figure 7. Preparing to adhere final piece (top piece, seam E, F, G). 

 

Figure 8. The final drying process. 
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Figure 9. IU Research Assistants (Left to Right: Carley, Sarah, Rachel, and Jessica) doing a final cleaning of 

the bell. 

Photogrammetry 

Photogrammetric data was collected by taking two-dimensional images from every 

external angle, with at least than 60% overlap of every image. This data, consisting of 229 

images, was then entered into Agisoft Metashape, where it was processed using a standard 

workflow. This standard workflow consisted of aligning photos, generating a dense point cloud, 

generating a mesh layer, and creating the texture. Once these steps were complete, a processing 

report was generated (See Appendix 1). A promotional video was also created, using Metashape, 

in order to showcase the finished conservation work. Images were collected on November 19, 

2019 by Rachel Wilson. Photogrammetric modeling completed on December 1, 2019 by Tori 

Galloway. 
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Appendix B: J.D. Marshall Preserve Orthomosaic 
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Appendix C: J.D. Marshall Preserve Processing Report 
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Agisoft PhotoScan
Processing Report

29 August 2019
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Fig. 1. Camera locations and image overlap.

Number of images: 834 Camera stations: 830

Tie points: 214,535

Projections: 572,180

Reprojection error: 1.68 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

HERO5 Black (3mm) 2048 x 1536 3 mm 3.38 x 3.38 μm No

Table 1. Cameras.
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Camera Calibration

1 pix

Fig. 2. Image residuals for HERO5 Black (3mm).

HERO5 Black (3mm)
834 images

Type Resolution Focal Length Pixel Size
Frame 2048 x 1536 3 mm 3.38 x 3.38 μm

Value Error F Cx Cy K1 K2 K3 P1 P2

F 1201.87 0.16 1.00 -0.36 0.08 -0.14 0.23 -0.12 -0.17 0.08

Cx 7.21232 0.067 1.00 0.01 -0.04 -0.03 0.00 0.66 -0.01

Cy -5.1954 0.064 1.00 0.01 0.01 -0.00 0.00 0.66

K1 -0.110063 0.00022 1.00 -0.94 0.89 -0.08 -0.00

K2 0.112513 0.0006 1.00 -0.97 -0.01 0.02

K3 -0.00460829 0.00049 1.00 0.00 -0.00

P1 0.00018429 1.5e-05 1.00 -0.00

P2 -0.000102113 1.5e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General
Cameras 834
Aligned cameras 830
Coordinate system Local Coordinates (m)
Rotation angles Yaw, Pitch, Roll

Point Cloud
Points 214,535 of 236,008
RMS reprojection error 0.21929 (1.6791 pix)
Max reprojection error 0.662906 (36.6234 pix)
Mean key point size 7.24644 pix
Point colors 3 bands, uint8
Key points No
Average tie point multiplicity 2.82776
Alignment parameters

Accuracy High
Generic preselection Yes
Key point limit 40,000
Tie point limit 4,000
Adaptive camera model fitt ing No
Matching time 1 hours 37 minutes
Alignment time 3 minutes 55 seconds

Dense Point Cloud
Points 10,826,204
Point colors 3 bands, uint8
Reconstruction parameters

Quality Medium
Depth filtering Aggressive
Depth maps generation time 23 minutes 22 seconds
Dense cloud generation time 12 minutes 54 seconds

Model
Faces 721,745
Vertices 362,463
Vertex colors 3 bands, uint8
Texture 4,096 x 4,096, 4 bands, uint8
Reconstruction parameters

Surface type Arbitrary
Source data Dense
Interpolation Enabled
Quality Medium
Depth filtering Aggressive
Face count 721,745
Processing time 5 minutes 37 seconds

Texturing parameters
Mapping mode Generic
Blending mode Mosaic
Texture size 4,096 x 4,096
Enable hole filling Yes
Enable ghosting filter Yes
UV mapping time 33 seconds
Blending time 7 minutes 39 seconds

Orthomosaic
Size 10,234 x 15,863
Coordinate system Local Coordinates (m)
Colors 3 bands, uint8
Reconstruction parameters
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Blending mode Mosaic
Surface Mesh
Enable hole filling Yes
Processing time 2 minutes 58 seconds

Software
Version 1.4.4 build 6848
Platform Windows 64

Page 6
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Appendix D: Boiler Processing Report 
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Boiler
Processing Report
06 December 2019
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Fig. 1. Camera locations and image overlap.

Number of images: 1,335 Camera stations: 1,300
Tie points: 369,498
Projections: 1,167,374
Reprojection error: 3.4 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

HERO5 Black (3mm) 4000 x 3000 3 mm 1.73 x 1.73 μm No

Table 1. Cameras.
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Camera Calibration

1 pix
Fig. 2. Image residuals for HERO5 Black (3mm).

HERO5 Black (3mm)
1335 images

Type Resolution Focal Length Pixel Size
Frame 4000 x 3000 3 mm 1.73 x 1.73 μm

Value Error F Cx Cy B1 B2 K1 K2 P1 P2

F 2345.02 0.14 1.00 0.03 -0.17 -0.17 -0.02 -0.12 0.45 0.06 -0.12

Cx 12.0674 0.078 1.00 0.00 -0.04 -0.03 -0.06 0.10 0.82 -0.00

Cy -17.851 0.08 1.00 0.00 0.06 -0.07 -0.00 -0.01 0.77

B1 -5.96801 0.026 1.00 -0.01 -0.00 -0.05 -0.07 0.06

B2 -0.207907 0.025 1.00 -0.00 -0.01 -0.07 -0.02

K1 -0.107087 5.8e-05 1.00 -0.83 -0.09 -0.11

K2 0.102654 7.2e-05 1.00 0.09 0.02

P1 -0.000460888 1.1e-05 1.00 -0.00

P2 -0.000820262 1e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General
 Cameras 1335
 Aligned cameras 1300
 Coordinate system Local Coordinates (m)
 Rotation angles Yaw, Pitch, Roll

Point Cloud
 Points 369,498 of 422,326
 RMS reprojection error 0.294732 (3.40274 pix)
 Max reprojection error 0.893673 (91.9107 pix)
 Mean key point size 10.3736 pix
 Point colors 3 bands, uint8
 Key points No
 Average tie point multiplicity 4.08499
 Alignment parameters

  Accuracy Medium
  Generic preselection Yes
  Key point limit 40,000
  Tie point limit 2,000
  Adaptive camera model fitting Yes
  Matching time 4 hours 47 minutes
  Alignment time 19 minutes 2 seconds

Dense Point Cloud
 Points 9,303,355
 Point colors 3 bands, uint8
 Depth maps generation parameters

  Quality Medium
  Filtering mode Aggressive
  Processing time 7 hours 38 minutes

 Dense cloud generation parameters
  Processing time 2 days 4 hours

Model
 Faces 206,734
 Vertices 104,055
 Vertex colors 3 bands, uint8
 Texture 4,096 x 4,096, 4 bands, uint8
 Depth maps generation parameters

  Quality Medium
  Filtering mode Aggressive

 Reconstruction parameters
  Surface type Arbitrary
  Source data Dense cloud
  Interpolation Enabled
  Processing time 6 minutes 53 seconds

 Texturing parameters
  Mapping mode Generic
  Blending mode Average
  Texture size 4,096
  Enable hole filling Yes
  Enable ghosting filter Yes
  UV mapping time 20 seconds
  Blending time 3 minutes 12 seconds

Page 5



General
Software

 Version 1.5.5 build 9097
 Platform Mac OS 64
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Appendix E: Engine Processing Report 
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Engine
Processing Report
06 December 2019
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Fig. 1. Camera locations and image overlap.

Number of images: 192 Camera stations: 192
Tie points: 75,826
Projections: 256,535
Reprojection error: 3.85 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

HERO5 Black (3mm) 4000 x 3000 3 mm 1.73 x 1.73 μm No

Table 1. Cameras.
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Camera Calibration

1 pix
Fig. 2. Image residuals for HERO5 Black (3mm).

HERO5 Black (3mm)
192 images

Type Resolution Focal Length Pixel Size
Frame 4000 x 3000 3 mm 1.73 x 1.73 μm

Value Error F Cx Cy B1 B2 K1 K2 P1 P2

F 2344.53 0.28 1.00 0.09 -0.14 -0.15 0.05 -0.09 0.50 0.01 -0.07

Cx 15.123 0.16 1.00 -0.04 -0.07 -0.03 0.05 -0.01 0.83 -0.05

Cy -25.6976 0.14 1.00 -0.01 -0.04 -0.03 -0.05 -0.05 0.75

B1 -4.28576 0.042 1.00 -0.03 -0.02 -0.06 -0.02 0.04

B2 -0.18103 0.04 1.00 0.03 0.02 -0.05 0.02

K1 -0.106561 0.00013 1.00 -0.80 0.06 -0.06

K2 0.105071 0.00016 1.00 -0.00 -0.00

P1 -0.000131235 2.3e-05 1.00 -0.06

P2 8.78927e-05 1.9e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General
 Cameras 192
 Aligned cameras 192
 Coordinate system Local Coordinates (m)
 Rotation angles Yaw, Pitch, Roll

Point Cloud
 Points 75,826 of 84,780
 RMS reprojection error 0.318023 (3.85276 pix)
 Max reprojection error 0.961859 (95.7178 pix)
 Mean key point size 12.1927 pix
 Point colors 3 bands, uint8
 Key points No
 Average tie point multiplicity 3.92712
 Alignment parameters

  Accuracy Medium
  Generic preselection Yes
  Key point limit 40,000
  Tie point limit 2,000
  Adaptive camera model fitting Yes
  Matching time 11 minutes 52 seconds
  Alignment time 1 minutes 34 seconds

Dense Point Cloud
 Points 4,895,787
 Point colors 3 bands, uint8
 Depth maps generation parameters

  Quality Medium
  Filtering mode Aggressive
  Processing time 1 hours 31 minutes

 Dense cloud generation parameters
  Processing time 1 hours 19 minutes

Model
 Faces 326,374
 Vertices 164,438
 Vertex colors 3 bands, uint8
 Texture 4,096 x 4,096, 4 bands, uint8
 Depth maps generation parameters

  Quality Medium
  Filtering mode Aggressive

 Reconstruction parameters
  Surface type Arbitrary
  Source data Dense cloud
  Interpolation Enabled
  Processing time 2 minutes 27 seconds

 Texturing parameters
  Mapping mode Generic
  Blending mode Average
  Texture size 4,096
  Enable hole filling Yes
  Enable ghosting filter Yes
  UV mapping time 28 seconds
  Blending time 38 seconds
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General
Software

 Version 1.5.5 build 9097
 Platform Mac OS 64
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Appendix F: Propeller Processing Report 
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Propeller
Processing Report
09 December 2019



Survey Data

1

2

3

4

5

6

7

8

9

> 9

Fig. 1. Camera locations and image overlap.

Number of images: 43 Camera stations: 41
Tie points: 22,374
Projections: 64,766
Reprojection error: 0.883 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-6000 (16mm) 6000 x 3376 16 mm 4.19 x 4.19 μm No

Table 1. Cameras.
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Camera Calibration

1 pix
Fig. 2. Image residuals for ILCE-6000 (16mm).

ILCE-6000 (16mm)
43 images

Type Resolution Focal Length Pixel Size
Frame 6000 x 3376 16 mm 4.19 x 4.19 μm

Value Error F Cx Cy B1 B2 K1 K2 P1 P2

F 4030.17 0.2 1.00 -0.01 -0.17 -0.29 0.08 0.06 0.20 -0.04 -0.23

Cx -58.1948 0.38 1.00 0.05 -0.01 0.10 -0.10 0.05 0.94 0.10

Cy -95.478 0.32 1.00 -0.06 -0.05 -0.06 0.01 0.01 0.88

B1 -1.53119 0.078 1.00 0.04 -0.09 0.05 -0.05 0.07

B2 1.73525 0.078 1.00 -0.01 0.03 -0.02 -0.06

K1 -0.0500152 8.5e-05 1.00 -0.90 -0.11 -0.12

K2 0.0376769 0.00012 1.00 0.04 0.02

P1 -0.00327069 2.5e-05 1.00 0.07

P2 -0.00754806 1.9e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General
 Cameras 43
 Aligned cameras 41
 Coordinate system Local Coordinates (m)
 Rotation angles Yaw, Pitch, Roll

Point Cloud
 Points 22,374 of 24,333
 RMS reprojection error 0.302381 (0.883156 pix)
 Max reprojection error 0.913207 (22.9816 pix)
 Mean key point size 3.08461 pix
 Point colors 3 bands, uint8
 Key points No
 Average tie point multiplicity 2.9054
 Alignment parameters

  Accuracy High
  Generic preselection Yes
  Key point limit 40,000
  Tie point limit 2,000
  Adaptive camera model fitting Yes
  Matching time 1 minutes 30 seconds
  Alignment time 5 seconds

Dense Point Cloud
 Points 28,397,369
 Point colors 3 bands, uint8
 Depth maps generation parameters

  Quality High
  Filtering mode Aggressive
  Processing time 33 minutes 41 seconds

 Dense cloud generation parameters
  Processing time 6 minutes 39 seconds

Model
 Faces 25,259
 Vertices 12,754
 Vertex colors 3 bands, uint8
 Texture 4,096 x 4,096, 4 bands, uint8
 Reconstruction parameters

  Surface type Arbitrary
  Source data Sparse cloud
  Interpolation Enabled
  Processing time 1 seconds

 Texturing parameters
  Mapping mode Generic
  Blending mode Mosaic
  Texture size 4,096
  Enable hole filling Yes
  Enable ghosting filter Yes
  UV mapping time 10 seconds
  Blending time 2 minutes 27 seconds

Orthomosaic
 Size 7,287 x 6,525
 Coordinate system Local Coordinates (m)
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General
Colors 3 bands, uint8
Reconstruction parameters

Blending mode Mosaic
Surface Mesh
Enable hole filling Yes
Processing time 44 seconds

Software
Version 1.5.5 build 9097
Platform Mac OS 64

Page 6
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Appendix G: Bell Processing Report 
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Bell
Processing Report
06 December 2019
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Fig. 1. Camera locations and image overlap.

Number of images: 237 Camera stations: 229
Tie points: 53,996
Projections: 143,670
Reprojection error: 2.18 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

ILCE-6000 (16mm) 6000 x 3376 16 mm 4.19 x 4.19 μm No

Table 1. Cameras.
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Camera Calibration

1 pix
Fig. 2. Image residuals for ILCE-6000 (16mm).

ILCE-6000 (16mm)
230 images

Type Resolution Focal Length Pixel Size
Frame 6000 x 3376 16 mm 4.19 x 4.19 μm

Value Error F Cx Cy B1 K1 P1 P2

F 4045.65 0.67 1.00 -0.17 -0.04 -0.31 0.27 -0.11 -0.16

Cx -46.7729 1.2 1.00 -0.00 0.09 0.02 0.86 -0.03

Cy -125.902 0.73 1.00 0.05 -0.05 -0.02 0.75

B1 -0.22119 0.36 1.00 -0.13 0.08 0.28

K1 -0.0212514 0.00014 1.00 0.10 -0.26

P1 -0.00232129 7.6e-05 1.00 -0.03

P2 -0.00908704 7e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Digital Elevation Model

Fig. 3. Reconstructed digital elevation model.
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Processing Parameters

General
 Cameras 230
 Aligned cameras 229
 Coordinate system Local Coordinates (m)
 Rotation angles Yaw, Pitch, Roll

Point Cloud
 Points 53,996 of 95,122
 RMS reprojection error 0.218817 (2.17506 pix)
 Max reprojection error 0.686273 (68.7811 pix)
 Mean key point size 8.58082 pix
 Point colors 3 bands, uint8
 Key points No
 Average tie point multiplicity 2.84965
 Alignment parameters

  Accuracy High
  Generic preselection Yes
  Key point limit 40,000
  Tie point limit 4,000
  Adaptive camera model fitting Yes
  Matching time 16 minutes 26 seconds
  Alignment time 1 minutes 0 seconds

 Software version 1.5.5.9097
Depth Maps

 Count 221
 Depth maps generation parameters

  Quality High
  Filtering mode Mild
  Processing time 4 hours 17 minutes

Dense Point Cloud
 Points 67,003,006
 Point colors 3 bands, uint8
 Depth maps generation parameters

  Quality High
  Filtering mode Mild
  Processing time 2 hours 25 minutes

 Dense cloud generation parameters
  Processing time 12 hours 22 minutes

 Software version 1.5.5.9097
Model

 Faces 359,335
 Vertices 180,551
 Vertex colors 3 bands, uint8
 Texture 4,096 x 4,096, 4 bands, uint8
 Depth maps generation parameters

  Quality High
  Filtering mode Mild
  Processing time 4 hours 17 minutes

 Reconstruction parameters
  Surface type Arbitrary
  Source data Depth maps
  Interpolation Enabled
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General
Strict volumetric masks No
Processing time 1 days 11 hours

Texturing parameters
Mapping mode Generic
Blending mode Mosaic
Texture size 4,096
Enable hole filling Yes
Enable ghosting filter Yes
UV mapping time 2 minutes 0 seconds
Blending time 31 minutes 1 seconds

Software version 1.5.5.9097
Software

Version 1.5.5 build 9097
Platform Mac OS 64
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