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EXECUTIVE SUMMARY 

The Richelieu River has been altered by multiple anthropogenic and natural changes 
since the beginning of colonization including dredging, filling, installation of in-river 
structures, erosion, and sediment deposition. The Saint-Jean Rapids act as a natural 
control for water levels for Lake Champlain and have been the site of several 
modifications. Anthropogenic changes in the river over the last centuries may have had 
an impact on water levels in some reaches. 

This report sheds light on the timeline and importance of anthropogenic changes that modified the riverbed or the 
riverbanks between Rouse’s Point, New York, and Saint-Jean-sur-Richelieu, Quebec. Survey maps from historical archives 
and a digital elevation model (DEM) were used to locate, measure and assess the importance of the anthropogenic 
changes. 

In addition, a methodology to incorporate those changes into the DEM was developed and used to create a new DEM of the 
upper Richelieu River that approximates its unaltered state. This DEM can be used to model hydraulic conditions that 
prevailed before colonization using hydrodynamic simulations. These modeled conditions can in turn be used to determine 
the cumulative impact of anthropogenic changes on water levels in Lake Champlain and the upper Richelieu River under a 
range of simulated flow conditions. 
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THE INTERNATIONAL JOINT COMMISSION 

Under the Boundary Waters Treaty of 1909 (the Treaty), the governments of the 
United States and Canada established the basic principles for managing many water-
related issues along their shared international boundary. The Treaty established the 
IJC as a permanent international organization to advise and assist the governments  
on a range of water management issues. The IJC has two main responsibilities:  
regulating shared water uses; and investigating transboundary issues and 
recommending solutions. 
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STAY CONNECTED, BE ENGAGED 

Want more information on the Lake Champlain-Richelieu River Study? Have a question 
for the Study Board? 

Email the Study at lcrr@ijc.org 

Sign up to receive Study news, such as notices of public meetings, consultations, reports, fact sheets, and other publications. 

Follow the Study on social media 

 @IJCsharedwaters 

 www.facebook.com/internationaljointcommission/ 

 www.linkedin.com/company/international-joint-commission/ 
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1 INTRODUCTION 

Lake Champlain and the Richelieu River have suffered from several major floods in the past 
that significantly impacted the economy and health of the surrounding population and the 
natural environment. This work is the first step needed to assess the significance of 
anthropogenic changes on water levels and the extent of potential flooding. 

1.1 CONTEXT 

Lake Champlain and the Richelieu River have suffered from several major floods in the past that significantly impacted the 
economy and health of the surrounding population and the natural environment. The flooding that occurred in the spring of 
2011 was the largest flood recorded over the past 100 years. Several recent studies have concluded that the widening of the 
Chambly Canal in the 1970s had an impact on the hydraulic conditions of the upper Richelieu River and the Missisquoi Bay 
of Lake Champlain (IJC, 2019). In conjunction with the study on the development of flood mitigation measures and impacts 
in the Lake Champlain–Richelieu River (LCRR) watershed (IJC, 2015), the Hydrology, Hydraulics and Mapping (HHM) 
Technical Work Group has been tasked to reconstitute the Digital Elevation Model (DEM) of the Richelieu River in its 
natural state before any anthropogenic changes were made on the upper Richelieu River.  

This work is the first step needed to assess the significance of anthropogenic changes on water levels and the extent of 
potential flooding. The reconstituted DEM was established by using the bathymetry from old topographic maps and 
comparing it with the current DEM. In addition, the historical chronology of changes to the river was established to associate 
temporal events with the observed changes to the DEM. This DEM provides the basic information to simulate the hydraulics 
of the river under natural conditions. Using the Integrated Social-Economic-Environmental (ISEE) system and hydrodynamic 
simulations, it would be possible to assess the cumulative impacts of the anthropogenic changes on social, economical, and 
ecological aspects of the environment and to compare those impacts under different water level management scenarios.  

This report documents 1) the historical timeline of the physical changes made to the river, 2) the methodology used to 
reconstruct the pristine state DEM, 3) the comparison with the current DEM, 4) the identification of areas where 
anthropogenic change took place and 5) the reconstructed DEM in its pristine state. 

1.2 ISSUE 

The Richelieu River has undergone a large number of anthropogenic changes through time. Before the European arrival in 
North America, the First Nations used the river and its shores for hunting, fishing, and gathering (Parcs Canada, 2018). The 
first fort at the head of the Saint-Jean Rapids was built at the time of the offensive against the Iroquois federation in 1665-
1666 by the Carignan-Salières regiment (Cloutier, 2000). In 1748, a second fort was built to improve the defense of New 
France against the English colonies. That marked the birth of a small community attached to the fort.  

The colonization of the Upper-Richelieu area by the Canadians began in 1760. Around 1791, the first streets of Saint-Jean 
that are known today and the first docks on the Richelieu River were built. The village of Dorchester (now Saint-Jean-sur-
Richelieu) was created in 1792. From Saint-Jean, one road led to Longueuil and Montreal, linking the United States to 
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Montreal. Located upstream of the first rapids on the Richelieu River, the village was seen as an important location for trade 
with the United States. The first Canadian railway, which ran between La Prairie and Saint-Jean, was built in 1836, and the 
Chambly Canal was opened to navigation in 1843. In the mid-19th century, Saint-Jean Harbour was one of the most 
important harbors in Canada (Cloutier, 2000). 

Many anthropogenic changes to the river bed have occurred since the beginning of colonization, from the first docks built 
near Saint-Jean to the reconstruction of the Gouin Bridge, completed in 2019. To reconstitute the DEM of the Richelieu River 
in its natural state, all anthropogenic changes that have occurred on the river were identified, located and their importance 
assessed. Historical bathymetric surveys, maps of the shoreline and maps of construction work are valuable sources of 
information to estimate the significance of the changes. 

1.3 STUDY AREA 

The study area is located from the Saint-Jean Rapids on the Richelieu River to Rouse’s Point in New York at the outlet of Lake Champlain 
(Figure 1). Since the slope of the river from Lake Champlain to Saint-Jean-sur-Richelieu is very low, anthropogenic changes at the Saint-
Jean Rapids, which acts as a natural control point, have an impact on water levels in Lake Champlain and on the upper Richelieu River. 
The study area was divided into five sections to facilitate computing and mapping. The five sections are: 

1 Saint-Jean Fort to the Saint-Jean Rapids 

2 Saint-Jean to Pointe-à-la-Meule 

3 Pointe-à-la-Meule to Île-aux-Noix 

4 Île-aux-Noix to Ash Island 

5 Ash Island to Rouse’s Point, NY 
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Figure 1. Map of the study site divided into sections. 

 

1.4 OBJECTIVES 

The objectives of this work are to: 

• Reconstitute the timeline of all the anthropogenic changes to the upper Richelieu River; 

• Locate and assess the extent of the anthropogenic changes to the upper Richelieu River; and 

• Modify the current DEM to recreate conditions of its pristine state. 
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This report is divided into the following sections: 

Section 2. The timeline of anthropogenic changes on the Richelieu River.  

Section 3. The historical maps used in the study, showing the areas of anthropogenic changes. 

Section 4. The methodology used to identify the anthropogenic change areas and to modify the current DEM. 

Section 5. The results of applying the methodology, including discussion of the reconstituted DEM.  

Section 6. Conclusion. 
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2 TIMELINE OF THE ANTHROPOGENIC CHANGES 

Several historical works detailing the history of the region were explored and the slightest details concerning modifications to 
the river upstream of Saint-Jean or in the rapids were noted. These historical works and historical cartographic records were 
used to establish the chronology of anthropogenic changes presented in the following section. The documents used in the 
study are listed in section 2.2. 

2.1 TIMELINE 

9000 years ago: The First Nations used the Richelieu River and Lake Champlain for hunting, 
fishing, and gathering (Parks Canada, 2018). 

1665–1666: Construction of the first fort at the head of the Saint-Jean Rapids as part of the 
offensive led by the Carignan-Salières regiment against the Iroquois (Cloutier, 2000). 

1748: Construction of the second fort at Saint-Jean in 1748 to improve the defense of New 
France against the Anglo-Americans (Cloutier, 2000). 

1792: Creation of the village of Dorchester (now Saint-Jean-sur-Richelieu) (Cloutier, 2000). 

1826: Official authorization for the construction of the Jones Bridge between Saint-Jean and 
Iberville (JHALC, March 13, 1826). 

Before 1832: Construction of James Bissett’s jetty on stilts (beginning of Saint-Jean Harbour) 
(Cloutier, 2000). 

1833: The McGinnis brothers received “authorization” from Seigneur Plenderleath-Christie to 
build a grist mill in Christieville (today Iberville) (Noël, 1985). Mill dikes were built in the Saint-
Jean rapids to allow a constant inflow of water to the grist mill. 

1836: Inauguration of the first train link in Canada between La Prairie and Saint-Jean (Cloutier, 
2000), linking Montreal to New York and Albany. Docks were built to connect the railway to 
the Richelieu River (Tremblay, 2016). 

1831–1835: First phase of construction of the Chambly Canal between Saint-Jean and Chambly 
in which the McCrae lock (Lock No. 8) and the guard lock (Lock No. 9) were built. A watertight 
dike was built to allow the workers to excavate the riverbed to a depth of 1.8 meters (6 feet) of 
water. At the beginning of the work, the dike was completely closed and did not allow water to 
penetrate. It was then opened to form the entrance to the Chambly Canal (Gillis, 1975). 

1836–1841: Construction of the Grand Trunk Railway jetty (Cloutier, 2000). 

Around 1840: Beginning of the eel fishery and installation of eel traps (SHSC, 2019). 
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1840–1842: Second phase of canal construction during which the canal was completed from 
Lock No. 4 to the Chambly Basin (Gillis, 1975). 

1843: Opening of the Chambly Canal (Parks Canada, 1978). 

1844: Petition from riverside residents asking that a channel be excavated through the Saint-
Jean Rapids and that eel traps and other obstructions be removed to prevent flooding of the 
banks in some areas (JHALC, December 16, 1844). 

1844–1849: Construction of the Saint-Ours Canal and Dam (Parks Canada, 1978). 

1849: Opening of the Saint-Ours Canal (Parks Canada, 1978). 

1853: Construction of the Grand Trunk Railway Bridge (Central Vermont) (Cloutier, 2000). 

1858-1859: Construction of Langelier Mill (Parks Canada, 2018). 

1874: First dredging work in the area of Île-aux-Noix, among others (Dominion of Canada, 
1882). 

1882: Construction of the old Noyan-Lacolle Bridge (Cantic Bridge) (MTQ, undated). 

1883–1887: First accurate vertical survey in the history of Canadian geodetic surveying 
between Rouse’s Point and Île Sainte-Thérèse (NRCan, 2017). 

1887: Construction of the South Eastern Railway Bridge (later Canadian Pacific Bridge) 
between Saint-Jean and Iberville (Musée du Haut-Richelieu, 2019). 

1888: Construction of the Canada Atlantic Railway Bridge between Lacolle and Noyan 
(Musée du Haut-Richelieu, 2019). 

1891: Dredging of an area of 152 by 27 meters (500 by 88 feet) in front of Saint-Jean Harbour. 
(Dominion of Canada, 1891). 

1895: International Deep Waterways Commission is formed to study the feasibility of a seaway 
(U.S. Army Corps of Engineers, 1984). 

1896-1899: Construction of the Chambly Dam and hydroelectric power station upstream of 
the Chambly rapids (Hudon, 2007). 

1897: Dredging at Saint-Valentin, Quebec (Public Works Canada, 1896). 

1898–1900: Additional dredging in front of Saint-Jean Harbour. “In front of the sheet pile wharf, 
adjoining cuts of 412, 382, 367, 354, 352, 337 and 312 feet [126, 116, 112, 108, 107, 103 and 95 
meters] long were made, having a total width of 105 feet, and a depth of 7 feet at low water.” 
(Hudon, 2007; Department of Public Works Canada, 1900). 
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1908: Removal of huge stones obstructing the river in the rapids below the Canadian Pacific 
Railway Bridge using explosives (Hudon, 2007). 

1909: Signing of the Boundary Waters Treaty and creation of the International Joint 
Commission (IJC). 

1910: “In order to lower the water and prevent the annual floods, it was decided to dredge a channel 
1750 feet wide [533 meters] (the whole width of the river at its narrowest place) and 5,200 feet 
[1,585 meters] long, starting between Jones’ and Central Vermont Railway bridges.” (Department of 
Public Works Canada, 1910). 

1910: Construction of a pier near the Central Vermont Railway (Parks Canada, 2012). 

1908–1911: Backfilling and construction of embankments near the Central Vermont Railway 
Bridge on the Iberville side of the river (Public Works Canada, 1910). 

1909–1911: Extension and embankment construction of the Chambly Canal Wharf in Saint-
Jean (Cloutier, 2000). 

1912: Dredging at Lacolle. “The Richelieu dredger. Captain Charles Bissonnette will dig the channel 
of the river at the Grand Trunk Railway Bridge in Lacolle, currently under construction, and will then go 
down to Beloeil where dredging work has to be done. The government has reportedly abandoned the 
idea of having a new channel dug on the west side of Île aux Noix” (Free translation from Le Canada 
Français, June 7, 1912). 

1912: A new bridge in Saint-Jean. “There will soon be three new bridges over the Richelieu River in 
Saint-Jean: One ‘free’ for cars and pedestrians. The Canadian Pacific Railway Bridge will be widened 
to make a double lane. Between Montreal and Farnham. The Grand Trunk Bridge will double its lane 
from Saint-Jean to the U.S. border” (Free translation from Le Canada Français, August 2, 1912). 

1912: Dredging at Lacolle. “The Richelieu dredger, which had been digging most of the season at 
Saint-Antoine, Richelieu River, is now employed on similar work at Lacolle until late fall. This dredger is 
commanded with great skill by Captain Charles Bissonnette” (Free translation from Le Canada 
Français, October 11, 1912). 

1913: Dredging on the right bank of the Richelieu River to the right of the Thuot fisheries wharf 
(Parks Canada, 2012). 

1915–1916: Construction and inauguration of the Gouin Bridge (MTQ, 2019). 

1920–1923: Removal of a sunken barge from the Ménard property and dredging in the wharf 
area on the Desmarais property (Parks Canada, 2012). 

1938: Construction of a barrage/regulator at Fryer Island (Sévigny, 1983). 
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1939: “A dredger from Sorel arrived in Saint-Jean. The ‘Capitaine-Saurel,’ equipped with a very 
powerful Steam shovel, went to Île-aux-Noix. They dug 14 feet [4.3 meters] deep on their way to 
Saint-Jean.” (Free translation from Le Canada Français, August 31, 1939). “Work began on 
dredging the river between Saint-Jean and Rouse’s Point; however, the project was halted by the 
outbreak of the Second World War. There thus remained a 66-mile-long [106 km] section of the 
Richelieu on which the dredging was not completed” (Translation of Sévigny, 1978). 

1949–1953: Construction of 287 meters (940 feet) of shore protection walls on the bank north 
of the Gouin Bridge to stop erosion in this reach (Parks Canada, 2012). 

1964: Demolition of the Chambly hydroelectric power station and modification of the Chambly 
dam (Town of Richelieu, 2015). 

1967: Removal of the Central Vermont Bridge (Musée du Haut-Richelieu, 2019). 

1969: Construction of the Jean-Jacques Bertrand Bridge in Lacolle (MTQ, 2020). 

1970–1972: Widening of sections of the Chambly Canal downstream of Lock No. 9 (Parks 
Canada, 2012).  

2019: Construction of the new Gouin Bridge (MTQ, 2020). 

2021: Demolition of the old Gouin Bridge.

2.2 HISTORICAL REPORTING REFERENCES 

The following documents were consulted in compiling historical information on the river modifications through time. 
Additional references are also included in a section at the end of this report. 

1 Parks Canada, 2018. The Richelieu River: An invasion and escape route. Fort Chambly National Historic Site. URL: 
https://www.pc.gc.ca/en/lhn-nhs/qc/fortchambly/culture/paysage-landscape/o  

2 Pierre Cloutier, 2000. Lieu historique national du Canada du Canal-de-Chambly. Travaux de décontamination et 
d’aménagement de la place du Quai à Saint-Jean-sur-Richelieu : surveillance archéologique. Parks Canada. Cultural 
Heritage and Real Property. November 2000. (Parks Canada Archives). 

3 Journal of the House of Assembly of Lower-Canada (JHALC), March 13, 1826.  

4 A Minute statement relative to the works of the Chambly Canal, exhibiting the engineer’s report, on which the contract 
was founded, the contract itself – with a statement of the extra work performed by the contractors, the difficulties under 
which they laboured, and the causes of such difficulties, 1836, pages 3 to 9. 

5 P-André Sévigny, 1983. Trade and Navigation on the Chambly Canal: A Historical Overview. Parks Canada. 

6 Françoise Noël, 1985. Gabriel Christie’s Seigneuries: Settlement and Seigneurial Administration in the Upper Richelieu 
Valley 1764–1854. History Department, McGill University. Doctoral thesis. 

https://www.pc.gc.ca/en/lhn-nhs/qc/fortchambly/culture/paysage-landscape/o
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7 Sylvain Tremblay. (2016). Le premier chemin de fer au Canada. Histoire Québec, 22(1), 15–17. URL : 
https://www.erudit.org/fr/revues/hq/2016-v22-n1-hq02510/81919ac.pdf  

8 Société Histoire de la Seigneurie de Chambly (SHSC), 2019. Memory interview with one of the grandsons of the 
Langelier miller, realized by Paul-Henri Hudon. (Personal communication). 

9 Journal of the House of Assembly of Lower-Canada (JHALC), December 16, 1844.  

10 P-André Sévigny, 1978. Le Canal Chambly : Utilisation Commerciale. Travail inédit numéro 346. Parks Canada. 

11 Yvonne Labelle, 1968. La seigneurie et les seigneurs de Bleury et ses premiers colons. Volume 1, pages 26, 27, 28. 

12 Parks Canada, 2018. Langelier Mills. URL: https://www.pc.gc.ca/en/lhn-nhs/qc/chambly/culture/archeologie-
archaeology/moulins-langelier-mills  

13 Town of Richelieu, 2015. La Centrale Hydroélectrique. URL: http://ville.richelieu.qc.ca/wp-
content/uploads/2015/11/centrale_hydroelectrique.pdf  

14 Musée du Haut-Richelieu, 2019. Exposition: D’une rive à l’autre : La traversée de la rivière Richelieu au fil du temps. 

15 Ministère des Transports du Québec (MTQ), Les ponts du Québec, book, unknown publication date. 

16 Natural Resources Canada (NRCan), 2017. 100 Years of Geodetic Surveys in Canada. URL: 
https://www.nrcan.gc.ca/earth-sciences/geomatics/canadian-spatial-reference-sySaintem-csrs/100-years-
geodetic-surveys-canada/9110  

17 Dominion of Canada, 1882. General report of the minister of public works from 30th June 1867 to 1st July 1882.  

18 Dominion of Canada, 1891. Annual Report of the Department of Railways and Canals for the Past Fiscal Year from 1st 
July 1890, to 30th June 1891, page 193. 

19 Paul-Henri Hudon, 2007.Le barrage Fryer. Draguer et harnacher le Richelieu. Société d’histoire de la Seigneurie de 
Chambly.  

20 U.S. Army Corps of Engineers, William H. Becker, 1984. From the Atlantic to the Great Lakes: A History of the U.S. 
Army Corps of Engineers and the St. Lawrence Seaway  URL: 
http://www.publications.usace.army.mil/Portals/76/Publications/EngineerPamphlets/EP_870-1-20.pdf   

21 Public Works Canada, 1896. Report of the Minister of public works on the works under his control for the fiscal year 
ended 30th June 1896. 

22 Department of Public Works Canada, 1900. Report of the Chief Engineer. Sessional papers of the Dominion of Canada: 
volume 8, fifth session of the eighth Parliament, session 1900. Sessional Paper No. 9. Part IV. pp. 169. 

23 Le Canada Français: August 30, 1901; June 7, 1912; August 2, 1912; October 11, 1912, August 31, 1939. 
 

https://www.erudit.org/fr/revues/hq/2016-v22-n1-hq02510/81919ac.pdf
https://www.pc.gc.ca/en/lhn-nhs/qc/chambly/culture/archeologie-archaeology/moulins-langelier-mills
https://www.pc.gc.ca/en/lhn-nhs/qc/chambly/culture/archeologie-archaeology/moulins-langelier-mills
http://ville.richelieu.qc.ca/wp-content/uploads/2015/11/centrale_hydroelectrique.pdf
http://ville.richelieu.qc.ca/wp-content/uploads/2015/11/centrale_hydroelectrique.pdf
https://www.nrcan.gc.ca/earth-sciences/geomatics/canadian-spatial-reference-sySaintem-csrs/100-years-geodetic-surveys-canada/9110
https://www.nrcan.gc.ca/earth-sciences/geomatics/canadian-spatial-reference-sySaintem-csrs/100-years-geodetic-surveys-canada/9110
http://www.publications.usace.army.mil/Portals/76/Publications/EngineerPamphlets/EP_870-1-20.pdf
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24 Department of Public Works Canada, 1910. Report of the Chief Engineer. Sessional papers of the Dominion of Canada: 
Volume 10, second session of the eleventh Parliament, session 1910. Sessional Paper No.19. Part IV. pp 118-119.  

25 Parks Canada, 2012. Rapport sectoriel Hydrologie du lac Champlain et du Haut-Richelieu.  

26 Sandra J. Gillis, 1975. The Chambly Canal: A Structural History of the Locks. National Historic Parks and Sites Branch. 
Parks Canada Department of Indian and Northern Affairs. 

27 Société Histoire de la Seigneurie de Chambly, 1998. 150 ans d’histoire, Saint-Jean-sur-Richelieu, 1848–1998. Tirage 
spécial par la municipalité (Archives de la Société d’Histoire de la Seigneurie de Chambly). 

28 International Joint Commission (IJC). URL: https://www.ijc.org/en/who/role   

29 International Joint Commission (IJC), 2015. A Real-Time Flood Forecasting and Flood Inundation Mapping System for the 
Lake Champlain-Richelieu River Watershed. December 2015. https://ijc.org/sites/default/files/Lake-Champlain-IJC-
Report-to-Govts-Dec-2015-NEW.pdf  

30 International Joint Commission (IJC), 2019. The Causes and Impacts of Past Floods in the Lake Champlain-Richelieu River 
Basin. Historical Information on Flooding. A Report to the International Joint Commission submitted by the International 
Lake Champlain-Richelieu River Study Board. December 2019. https://www.ijc.org/sites/default/files/2020-
03/9056-CMI%20Rapport%20public%20EN-FINAL-HR.pdf  

31 Ministère des Transports du Québec (MTQ), 2020. Pont Gouin. URL: https://www.transports.gouv.qc.ca/fr/projets-
infrastructures/reseau-routier/projets-routiers/monteregie/pont-gouin/Pages/Pont-Gouin.aspx  

32 Ministère des Transports du Québec (MTQ), 2020. Pont Jean-Jacques-Bertrand. URL: 
https://www.transports.gouv.qc.ca/fr/projets-infrastructures/structures/Pages/rapport-inspection-
general.aspx?NumDossier=13949E  

 

 

https://www.ijc.org/en/who/role
https://ijc.org/sites/default/files/Lake-Champlain-IJC-Report-to-Govts-Dec-2015-NEW.pdf
https://ijc.org/sites/default/files/Lake-Champlain-IJC-Report-to-Govts-Dec-2015-NEW.pdf
https://www.ijc.org/sites/default/files/2020-03/9056-CMI%20Rapport%20public%20EN-FINAL-HR.pdf
https://www.ijc.org/sites/default/files/2020-03/9056-CMI%20Rapport%20public%20EN-FINAL-HR.pdf
https://www.transports.gouv.qc.ca/fr/projets-infrastructures/reseau-routier/projets-routiers/monteregie/pont-gouin/Pages/Pont-Gouin.aspx
https://www.transports.gouv.qc.ca/fr/projets-infrastructures/reseau-routier/projets-routiers/monteregie/pont-gouin/Pages/Pont-Gouin.aspx
https://www.transports.gouv.qc.ca/fr/projets-infrastructures/structures/Pages/rapport-inspection-general.aspx?NumDossier=13949E
https://www.transports.gouv.qc.ca/fr/projets-infrastructures/structures/Pages/rapport-inspection-general.aspx?NumDossier=13949E
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3 MAPS AND SURVEYS FROM HISTORICAL ARCHIVES 

Historical data from archives, including maps, surveys, and reports, were researched at the Bibliothèque des Archives 
Nationales du Québec (BanQ), Library and Archives Canada, and the Parks Canada archives. In addition, aerial 
photographs from the National Air Photo Library from the 1930s were used to identify areas of anthropogenic changes and 
original shoreline delineation in the upper Richelieu area. The following section details the historical maps and documents 
used in the study.  

The following table (Table 1) presents the relevant documents used in the study. The corresponding numbers are retained 
for reference in the sections of the report that follow. A citation to “Document ID #5”, for example, refers to the 1817 “Plan of 
the works etc. at St. Johns.” Figures 2 through 31 taken from the historical documents and used in the evaluation are 
presented in the sections below.
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Table 1. Relevant documents acquired from various archives and libraries used in the study. 

ID Document Title Date Author Reference No. Source 

1 
Map of Richelieu River between Town of St. 
Johns and Rapids at Sainte- Therese. 
Department of Public Works Canada.  

1887 
Chief Engineer Louis-
Gustave Papineau 

RG84M 81203/6 Items 531 and 
533 

Library and Archives Canada 

2 
Sketch of the River Shore at St. Johns 
Representing the line of proposed Wharfing. 

1842 Anonymous P318, S8, P79 
Bibliothèque des archives Nationales du 
Québec 

3 
Plan de la ligne Champlain and St. Lawrence 
Railroad à Saint-Jean d'Iberville.  

Circa 1855 Perrault, Henri-Maurice CA601, S53, SS1, P1444 
Bibliothèque des archives Nationales du 
Québec 

4 Plan et élévation du Fort Saint-Jean. 1750 Anonymous Call number: 120/02/IC-1 Parks Canada Archives  

5 Plan of the works etc. at St. Johns.  May 7, 1817 Anonymous Call number: 120/02/IC-18 Parks Canada Archives  

6 Plan of the Fort & Town of St. John.  1809 A. Gray  Call number: 120/02/IC-9  Parks Canada Archives  

7 
McGinnis’s and Langelier’s Mill races and 
Goyette’s and Thuot’s fisheries.  

N.A. Anonymous Call number: 156/00/IC-60 Parks Canada Archives  

8 Plan of Town of Dorchester.  1841 
Louis-Gustave 
Papineau 

Call number: 120/02/IC-25 Parks Canada Archives  

9 
Sketch of the position of St. Johns showing in 
yellow the proposed works. 

1841-08-12 J. Oldfield lt. col.  Call number: 120/02/IC-027 Parks Canada Archives  

10 
Sketch of the position of St. Johns showing in 
yellow the proposed works. 

1841-08-12 J. Oldfield lt. col.  Call number: 120/02/IC-75 Parks Canada Archives  

11 Plan of Town of St. Johns. 1855 Alex Walmsley Call number: 120/02/IC-031 Parks Canada Archives  

12 Town of St. Johns. February 1851 Anonymous Call number: 120/02/IC-50 Parks Canada Archives 

13 
Map of the Chambly canal constructed from 
the latest survey in March 1832.  

March 1832 Public Works Office  Call number: 156/00/IC/510 Parks Canada Archives  

14 Iberville, Que. Dredging done in 1927.  1927-1928 Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 
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ID Document Title Date Author Reference No. Source 

15 
Iberville, Que. Opposite Hazen Creek. Public 
Works Canada.  

N.A. Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

16 
Iberville, Que. Opposite E. Menard’s 
Property.  

N.A. Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

17 
Dredging of Basin, Iberville, St. Johns-
Iberville, Que.  

1923 Public Works Canada Call number: RG11M/945002  Library and Archives Canada 

18 
Iberville, Que. Municipality Bridge between 
St. Johns & Iberville. Public Works Canada. 

N.A. Public Works Canada Call number: RG11M/945002 Library and Archives Canada 

19 Protection Wall, Iberville, St. Johns. N.A. Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

20 Untitled (Protection wall plans at Iberville). N.A. Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

21 Town of Iberville, Eugène Roy property.  June 1913 Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

22 
Map of Richelieu River between Harbor of St. 
Johns and Pointe a la Meule Lights Section 
no. 1.  

1887 
Department of Railways 
and Canals, Canada  

Microfiche No. NMC 00151141 Library and Archives Canada 

23 
Map of Richelieu River between Pointe-à-la-
Meule Lights and Isle aux Noix Section no. 2. 

1887 
Department of Railways 
and Canals, Canada  

Microfiche No. NMC 00151142 Library and Archives Canada 

24 
Rivière Richelieu, Pointe-à-la-Meule, 
Sounding survey. 

1937 Public Works Canada  Call number: RG11M/945002  Library and Archives Canada 

25 
Map of Richelieu River between Isle aux Noix 
and Ash Island Section no. 3.  

1887 
Department of Railways 
and Canals, Canada  

Microfiche No. NMC 00151143 Library and Archives Canada 

26 Sturgeon Bay, Que (Richelieu River).  N.A. Public Works Canada  Cote: RG11M/945002  Library and Archives Canada 

27 
Richelieu River St. Johns to Lake Champlain, 
Proposed Ship Channel.  

N.A. Public Works Canada  Cote: RG11M/945002  Library and Archives Canada 

28 
Map of Richelieu River between Ash Island 
and the International Boundary Section no.4. 

1887 
Department of Railways 
and Canals, Canada  

Microfiche no. NMC 00151144 Library and Archives Canada 
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3.1 SECTION 1: SAINT-JEAN RAPIDS 

Figures 2 through 23 are presented below. 

 
Figure 2. Map of Richelieu River between Town of St. Johns and Rapids at Sainte-Therese. Department of Public Works Canada. 1887. (Part) 
Document ID #1. Photograph of the original map. 

 

Figure 3. Sketch of the River Shore at St. Johns Representing the line of proposed Wharfing. 1842. Document ID #2. Original map digitized. 
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Figure 4. Plan de la ligne Champlain and St. Lawrence Railroad à Saint-Jean d'Iberville. Circa 1855. Document ID #3. Original map digitized. 

 

Figure 5. Plan et élévation du Fort Saint-Jean. 1750. Document ID #4. Photograph of the map. 
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Figure 6. Plan of the works etc. at St. Johns. May 7, 1817. Document ID #5. Photograph of the map. 

 
Figure 7. Plan of the Fort & Town of St. John. 1809. Document ID #6. Photograph of the map. 
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Figure 8. McGinnis’s and Langelier’s Mill races and Goyette’s and Thuot’s fisheries. Document ID #7. Photograph of the original map. 

 

Figure 9. Plan of Town of Dorchester. 1841. Document ID #8. Photograph of the map. 
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Figure 10. Sketch of the position of St. Johns showing in yellow the proposed works. 1841. Part of Document ID #9. Photograph of the map. 

 
Figure 11. Sketch of the position of St. Johns showing in yellow the proposed works. 1841. Part of Document ID #10. Photograph of the map. 
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Figure 12. Plan of Town of St. Johns. 1855. Part of Document ID #11. Photograph of the map. 

 

Figure 13. Town of St. Johns. 1855. Document ID # 12. Photograph of the map. 
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Figure 14. Map of the Chambly canal constructed from the latest survey in March 1832. 1832. Part of document ID #13. Photograph of the map. 

 

Figure 15. Iberville, Que. Dredging done in 1927. 1927. Document ID #14. Photograph of original map. 
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Figure 16. Iberville, Que. Opposite Hazen Creek. Public Works Canada. Document ID #15. Photograph of original map. 

 
Figure 17. Iberville, Que. Opposite E. Menard’s Property. Document ID #16. Photograph of original map. 
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Figure 18. Dredging of Basin. Iberville, St. Johns-Iberville Que. 1923. Document ID #17. Photograph of original map. 

 
Figure 19. Iberville, Que. Municipality Bridge between St. Johns & Iberville. Public Works Canada. Document ID #18. Photograph of original map. 
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Figure 20. Protection Wall, Iberville, St. Johns. Document ID #19. Photograph of original map. 

 
Figure 21. [No title] (Protection wall plans at Iberville). Part 1 of Document ID #20. Photograph of original map. 
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Figure 22. [No title]. Part 2 of Document ID #20. Photograph of original map. 

 

Figure 23. Town of Iberville, Eugène Roy property. 1913. Document ID #21. Photograph of original map. 
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3.2 SECTION 2: SAINT-JEAN TO POINTE-À-LA-MEULE 

Figure 24 is presented below. 

 
Figure 24. Map of Richelieu River between Harbor of St. Johns and Pointe a la Meule Lights Section no.1. 1887. Document ID #22. 
 Microfiche digitized. 
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3.3 SECTION 3: POINTE-À-LA-MEULE TO ÎLE-AUX-NOIX 

Figures 25 and 26 are presented below. 

 
Figure 25. Map of Richelieu River between Pointe-à-la-Meule Lights and Isle aux Noix Section no. 2. 1887. Document ID #23. Microfiche digitized. 

 
Figure 26. Rivière Richelieu, Pointe-à-la-Meule, Sounding survey. 1937. Document ID #24. Photograph of original map. 
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3.4 SECTION 4: ÎLE-AUX-NOIX TO ASH ISLAND 

Figures 27 through 30 are presented below. 

 
Figure 27. Map of Richelieu River between Isle aux Noix and Ash Island Section no. 3. 1887. Document ID #25. Microfiche digitized. 

 

Figure 28. Sturgeon Bay, Que (Richelieu River). Document ID #26. Photograph of original map. 
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Figure 29. Richelieu River St. Johns to Lake Champlain, Proposed Ship Channel. Part 1 of Document ID #27. Photograph of original map. 

 

Figure 30. Richelieu River St. Johns to Lake Champlain, Proposed Ship Channel (not constructed). Part 2 of Document ID #27.  
Photograph of original map. 
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3.5 SECTION 5: ASH ISLAND TO ROUSE’S POINT 

Figure 31 is presented below. 

 
Figure 31. Map of Richelieu River between Ash Island and the International Boundary Section no.4. 1887. Document ID #28. Microfiche digitized. 
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4 METHODLOGY 

The methodology consisted of two main phases (Figure 32): 1. Identification of areas of anthropogenic changes and 2. 
Reconstitution of the natural state DEM. The areas of anthropogenic changes were identified using historical topographical 
maps, compared with the current DEM. The comparison was done using orthorectification of old maps, superimposing 
them on the current topography. Every area that was modified by anthropogenic alteration has been identified. Each event 
was associated with a date in a timeline (work sequence) on the Richelieu River. This allowed the reconstruction of the 
natural state DEM. This work was done by modifying the current DEM at the locations where anthropogenic changes 
occurred. 

 

Figure 32. General methodology framework. 

4.1 IDENTIFICATION OF ANTHROPOGENIC CHANGE AREAS  

To establish which areas underwent anthropogenic changes, relevant historical cartographic documents were acquired 
(Table 1). The framework used to identify the anthropogenic change areas is presented in Figure 33. The first step was to 
find the historical documents that depicted the natural state of the river. Then, those documents were digitized, 
orthorectified, and georeferenced. For the bathymetric maps, the measured water depths were converted to elevations in the 
same vertical datum (NAVD88) as the “current DEM” produced by the LCRR study. An interpolation of historical 
bathymetric points gave an approximation of the elevations that prevailed in the past. The difference between the current 
and former elevations was calculated to estimate the area of change. Those areas were compared in the context of the 
historical timeline of anthropogenic changes and historical documents. The natural state DEM was estimated from the 
identified areas of anthropogenic change. 
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Figure 33. Framework for development of the natural state DEM. 
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4.2 NATURAL SHORELINE DELINEATION AND BATHYMETRIC ESTIMATION 

The more relevant historical documents were georeferenced using the open-source geographic information system QGIS. 
Reference control points were determined using aerial photos from 1930 and 1965. Most of the control points used were 
street corners or the corner of cadasters (property survey markers) at street intersections. When street mapping is less 
accurate and there are few street corners on a map, it is more difficult to obtain reliable georeferencing. In addition, very old 
maps, for example, those dated before 1850, may not be perfectly to scale. These factors introduce uncertainty regarding 
the accuracy of map georeferencing. Documents where these uncertainties were significant were not used in the study.  

Some of the historical documents have been identified as being relevant to establishing past bathymetry; others were 
relevant to establishing the shoreline or to giving an approximate idea of the original topography. The maps used to 
determine the most reliable historical bathymetry are Documents #1, 20, 21, 23, and 26. Those maps are from the first high-
precision vertical survey by the Canadian Department of Railways and Canals. Those maps were georeferenced using 
control points along the two roads following the Richelieu River (Jacques-Cartier Boulevard and Chemin des Patriotes), 
which have not changed very much since 1887. The shoreline at low water between Rouse’s Point and Saint-Jean was also 
determined according to Documents #20, 21, 23, and 26.  

The Saint-Jean Rapids is the critical area that controls the water level of the Upper Richelieu River and it is in this area where 
the most anthropogenic changes have occurred. However, there is no accurate bathymetric map of the river's natural state 
in this location. The best information found for this section is in the historical engineering report, “A Minute Statement Relative 
to the Works of the Chambly Canal…” (1836), which describes the specifications of the construction of the Chambly Canal 
and the state of the riverbanks. In the original report, the contractors divided the works into sections. Figure 34 presents the 
first three sections (section 0, section 1, and section 2). The engineering report provides the following information about the 
construction of these sections: 

• Wherever the water was less than 1.8 meters (6 feet) deep, the channel was excavated to this depth. 

• For the first section (Section 0 of Figure 34; canal entrance to Guard Lock or Lock No. 9), the canal was built 152 
meters (500 feet) from the bank on a shoal. A significant number of large stones would have been blasted with 
gunpowder to accomplish this (there is no information on the location of these large stones) (Hudon, 2007). In 
addition, stones from the U.S. were placed in the river to form the base of the dike. The dike was completely closed 
so that the inside of the canal could be excavated. However, the dike was not completely watertight and numerous 
periods of flooding of the canal disrupted the progress of the work.  
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• For the second section (section 1 of Figure 34) starting at the guard lock and ending at the turn, opposite the 
rapids, it is mentioned that a large amount of material had to be excavated and that this material was deposited 
to form the canal’s towpath, thus narrowing the width of the channel at this location. The natural shoreline of the 
river of this section corresponds to the inner limit of the canal’s towpath. 

• The third section (section 2 of Figure 34), beginning at the turn to Wood’s Creek, is located under the riverbank so 
that the inside edge of the towpath corresponds as closely as possible to the old bank line. The riverbank would 
therefore have been excavated there to form the canal. It was mentioned that it was not necessary to take a lot of 
material from the inside of the bank at this location to obtain 1.8 m (6 ft) of water depth. The plan was to use the 
dirt from the bank to build the berm to isolate the canal, but because the river was very deep in some areas, it was 
not possible to only use the dirt from the bank. Soil fill had to be transported from elsewhere to shape the towpath. 

 
Figure 34. Sections of the Chambly Canal in the first phase of construction as described in the report “A Minute Statement Relative to the Works on 
the Chambly Canal ...” (1836). 

Figures 10 and 11 show that the canal section in Saint-Jean was entirely built in the river. Also, it can be seen that when the 
canal became operational, the entrance of the canal was closed to allow the construction of the last section at Chambly. 
From 1835 to 1840, the canal would appear to have been used despite the absence of lockmasters to operate the gates and 
the portage over the 335 meters (1,100 feet) at Chambly (Gillis, 1975).  

In addition, it is understood from these specifications that the shoreline after the turn to Wood’s Creek corresponds to the 
inside edge of today’s canal. The shoreline from Fort St. John to the Central Pacific Bridge was estimated from Document #8 
(Figure 9), which appears to be designed to scale. The author of this map is Louis-Gustave Papineau, engineer and also the 
author of the first precise vertical survey between Saint-Jean and Rouse’s Point in the history of geodetic surveys in Canada 
(which was used for the former bathymetry). The street layout on the georeferenced map fits modern-day streets. For 
example, Front Street (the street along the river) corresponds to Richelieu Street and Saint-Charles Street corresponds to the 
street that formerly led to the Jones Bridge. The map “Plan of Town of St. Johns” (Document #11 and Figure 12), shows a 
shoreline that is very similar to the one depicted in Papineau’s map (Figure 35). The shoreline is also represented in 
document #12 (Figure 13). The shoreline estimated from this map also corresponds to what was estimated by Artefactuel 
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(2017) (Figure 36). The same applies to the map “Plan of the Champlain and St. Lawrence Railroad at Saint-Jean 
d'Iberville” (Document #3, Figure 4 and Figure 36) and the map “Sketch of the River Shore at St. Johns Representing the line 
of proposed Wharfing. 1842.” (Document #2 and Figure 3).  

On the St. John side, the shoreline was generally considered steep when looking at Figure 5 and Figure 7. A shaded section 
near the bank can be seen in Figure 7; it appears to correspond to the slope break. The bank slope on the St. John side was 
therefore considered to be steep in its natural state. 

 
Figure 35. Historical georeferenced map (Document #3) overlaid on Google Satellite basemap. 



35 

 
Figure 36. Old shoreline delineation from historical documents by Artefactuel, figure from the Artefactuel, 2017 report titled “Chantier du pont Gouin 
– 154-09-0425 (Saint-Jean-sur-Richelieu) Supervision archéologique.” Figure 8, page 13. 

The shoreline on the Iberville side was estimated based in part on the “Map of Richelieu River between the Town of St. Johns 
and the Rapids at Sainte Therese” (Document #1 and Figure 2). However, some portions of the bank do not appear to be 
natural on this map (e.g., near Gouin Bridge, where Thuot’s Wharf was located), since there are sudden cuts and 
withdrawals in the bank (Figure 37). The bank was therefore considered to be continuous along the broad lines of this map, 
as shown in Figure 11 and Figure 14. In addition, the small island near the McGinnis Dike was considered to be an 
anthropogenic feature (Figure 38). Little information is available about this riprap, but it can be seen in Figure 11 that the 
dike towards the McGinnis Mill appeared to be continuous in 1841 and that the island was part of it. It was also mentioned 
that William Christie had McGinnis plant trees in the dike wall to hide his manor from the view from the other side of the 
Richelieu River (Noël, 1985). This explains why the island seems to be natural, when in fact it is probably an old part of the 
mill’s dike. The current hypothesis is that there was a need for diverting more flow towards the mill, so the dike was opened 
and extended into the river later after this embankment was initially constructed. 
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Figure 37. “Map of Richelieu River between Town of St. Johns and Rapids at Sainte Therese, 1883-1887,” georeferenced and overlaid on the Google 
Satellite Basemap. The area circled in red represents the area where the shoreline does not appear to be natural. 

 
Figure 38. “Map of Richelieu River between Town of St. Johns and Rapids at Sainte-Therese, 1883–1887”;  the island (circled in red) was probably 
originally part of the McGinnis Mill head race. 
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The water depth points were digitized from the bathymetric charts from the first high-precision vertical survey between 
Sainte-Thérèse Island and Rouse’s Point (Figure 2, Figure 24, Figure 25, Figure 27, and Figure 31). The 2.1-meter (7-foot) 
and 3-meter (10-foot) water level contour lines from those maps were also digitized using the line format and were then 
converted to points in shapefiles. A point shapefile file was created for each of the combined water level and bank line (zero 
water level) areas. The bathymetry was then estimated from these points.  

As for the Chambly Canal and Place du Quai site in Saint-Jean, there are no bathymetry data available for this section 
(orange section in Figure 39). However, it is known that the water level must have been less than 1.8 meters (6 feet) because 
the canal channel was dug to a depth of 1.8 meters (6 feet).  

To fill the bathymetry gap for this area, an estimate was made from a similar nearby section using the following approach. 
First, the bathymetry points were removed near the Chambly Canal, where a steep rise in water level can be observed. The 
high values are due to the riprap of the towpath of the canal. The representative nearby river cross-section, located under 
the old Vermont Central Railroad Bridge (Figure 39), which starts at a depth of 0.12 meters (0.4 feet) and ends at about 2.7 
meters (9 feet) of water depth over a length of 120 meters (394 feet), was copied and positioned in the missing data section 
to fill in the information gap. To extend the bathymetry section, all continuous points equal to or less than the value of the 
last point in the section were selected from the representative section and copied to extend the section. The last point (0.58 
m or 1.9 ft) should be about 5 m (16 ft) from the bank. If there was a gap between the existing section and the copied section, 
points from the existing section were duplicated to lengthen it and fill in the gap. For example, if the closest point to the canal 
was at 1.2 m (4 ft) of water, all contiguous points in the representative section that are shallower than this were used and this 
section was started about 5 m (16 ft) from the old bank. Then, if there was a large gap between the end of the added section 
and the existing section, values were duplicated from the existing section and added over the length of the gap to fill it. For 
each of the bathymetry sections, a point on the old shoreline with a water depth of zero was added (Figure 40). 

 
Figure 39. Digitized water height points and sections for which bathymetry was estimated (left), based on the bathymetry of an adjacent model  
section (right). 



38 

 

Figure 40. Old shoreline boundary and estimated water height in the Chambly Canal and St. Johns wharf section with Document #1 as background. 

Obvious alterations were observed under the Jones Bridge from the historical soundings. A boat channel is present in the 
bathymetric data and it was confirmed by an image from an 1881 postcard Figure 41 showing a steam boat approaching 
the west portion of the Jones Bridge in the area where piles were the most distant. Also visible on the image is something like 
a cantilever section over the boat channel. This channel was filled and associated dredged deposits were flattened to fit with 
the surrounding topography. 

 
Figure 41. Historical document (A) showing the location of the dredged channel in the DEM (B). 
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4.3 CONVERSION OF OLD BATHYMETRY MEASUREMENTS TO THE  
NAVD88 VERTICAL DATUM 

Following the delineation and digitization of the old shoreline, the water depth was converted to an elevation to estimate the 
old bathymetry. Furthermore, the water heights found on the maps were converted to riverbed elevations (bathymetry) in 
the NAVD88 vertical datum, to match with the current DEM. To do this, the elevation of the chart datum water level was 
estimated. The maps produced by L.G. Papineau (Figure 42) indicate that the water depth was 2.1 m (7 ft) high on the 
upper sill of Lock No. 1 (present Lock No. 9) of the Chambly Canal. That upper sill is located 26.64 m (87.41 ft) above the 
average New York City tide, which is equivalent to 28.77 m (94.41 ft) for 2.1 m (7 ft) above the sill (United States Deep 
Waterways Commission, 1897). However, it was not possible to carry out a direct datum transformation between this very 
old datum and the NAVD88 datum.  

To convert the datum of the time to the NAVD88 vertical datum, the chosen method consisted of establishing a reference 
level for several points for which it was assumed that the bathymetry had not changed very much and for which the 
measurement density of both the old and the current bathymetry measurements was high. Statistics were calculated for 
these reference levels. The mean water level was used as the reference water level and the standard deviation of the mean 
and the coefficient of variation were used to determine the reliability of this value.  

The workflow is described in the following steps: 

1 An approximate level value was assigned (chart datum at mean tide in NYC (28.77 m, 94.41 ft). 

2 Bathymetry was approximated as follows: Z = 28.77 m (94.41 ft) – H, where Z is the current bathymetry 
(NAVD88) and H is the water depth (m). 

3 A bathymetry (Z) interpolation was carried out over the entire river from these points.  

4 Invariant zones were delimited by choosing zones for which the elevation difference is constant (Figure 41). 

5 For each old bathymetry point within an invariant zone, the mean current bathymetry within 50 m (164 ft) radius 
was calculated (to fill the difference in spatial resolution between the two datasets) and the water depth measured 
in the old map is added to this value. Reference surface water level = Z + H. 

6 For each of these points and each of the zones, a mean and standard deviation of the reference surface water level 
were calculated. 

7 A reference value was selected from the results and the reference value first established was corrected. 
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Figure 42. Map of the invariant zones used to estimate the chart datum. 

To convert water depths to bathymetry, the water level determined for the upper sill of Lock No. 1 of the Chambly Canal was 
used, up to the upstream end of the Jones Bridge. On the map entitled “Map of Richelieu River between Town of St. Johns 
and Rapids at Sainte-Therese” (Document #1, Figure 43), water levels were plotted (in an unknown datum) for each water 
depth survey transect. To estimate the bathymetry of each transect downstream of the Jones Bridge, the water level 
difference between those transects and the section upstream of the Jones Bridge was calculated. For each point where the 
water depth was measured, the bathymetry was estimated by subtracting the difference in water level and the water depth 
from the estimated datum.  

Z = Estimated datum - Difference in water level - Water depth 
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Figure 43. Water level as shown on the map “Map of Richelieu River between Town of St. Johns and Rapids at Sainte-Therese.” The map shows the 
water level cross-section depth measurements. 

4.3.1 Interpolation of old bathymetry 

Once the bathymetry was estimated for all sections, a 
kriging interpolation was performed on a 20 m (65.6 ft) 
regular grid. Kriging is a linear interpolation method that 
minimizes variance while preserving values at their 
points of origin. More specifically, ordinary kriging was 
used, as the mean of the regionalized variable was 
unknown and had to be estimated. The values at each 
point are modeled by computing the weighted average 
of a function in the neighborhood of the point. The 
spatial covariance can be expressed by an experimental 
variogram, which displays the change in variance as a 
function of distance. The parameters of the variogram 
are the range, the sill, and the nugget effect (Figure 44). 
The nugget effect is the variance intrinsic to the data 
when the range Step is zero and is therefore not due to spatial variation. The sill corresponds to the maximum variance 
depending on the distance between pairs of points. The range corresponds to the distance from which the semivariance no 
longer increases with distance. The smaller the ratio between the nugget effect and the range, the smaller the variance of 
the estimate, whereas the greater the range, the lower the estimation of the variance (Varouchakis, 2019). 

 
 
 
 

Figure 44. Example of semivariogram showing the nugget effect, sill, 
and range. Source: Biswas and Cheng Si, 2013. 
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4.3.2 Delineation of areas of anthropogenic change 

To delineate areas of anthropogenic change, the first step is to linearly interpolate the old bathymetry on the current DEM. 

Then, the difference in elevation (ΔZ) between the current DEM and the DEM from the 1887 charts is estimated, such as: 

ΔZ = Current Z - Z 1887 

The delineation of areas of anthropogenic change included areas that were dredged or filled and areas where the width of 
the river has increased or decreased. To delineate these zones, a threshold value for the difference between current and 
former bathymetry was determined. A change in bathymetry was only considered significant when the difference between 
the old and new bathymetries was higher or lower than the standard deviation of the estimated chart level altitude.  

Negative areas correspond to areas that have undergone dredging, while positive areas correspond to areas that have 
undergone backfilling. However, care must be taken with the interpretation of the differences, as they were not always 
necessarily due to anthropogenic changes. The observed differences may result from:  

• A difference in spatial resolution between data sets 

• Uncertainty in the reference datum 

• Natural modification of the riverbed 

• Man-made dredging and backfilling work  

Areas of anthropogenic change were selected from areas of significant difference (areas of potential anthropogenic 
change). For each potential area, the cause of the difference between the data sets was determined. An area was identified 
as an area of anthropogenic change in cases where it was known that there have been anthropogenic changes based on 
historical records or archival historical maps. In contrast, if no anthropogenic historical changes had been recorded for this 
area and if the geomorphology of the river indicated that the change could be due to natural causes, the area was not 
included. Similarly, if the point density of the old DEM was low, this zone was discarded, since the difference was likely due to 
a difference in spatial resolution of the data sets. Other areas not identified using this method (e.g., docks) were delineated 
manually.  
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4.4 MODIFICATION OF THE DIGITAL ELEVATION MODEL 

Figure 45 shows the workflow developed to integrate the modifications at areas of anthropogenic change in order to 
reconstitute the natural state DEM. The initial step was to create a new data field (MODIFIED_Z) initialized with the current 
DEM value (CURRENT_Z). From the current DEM where the values of the old DEM were interpolated, a spatial intersection 
was made between the DEM and the polygons of anthropogenic change areas (delineated using the difference method and 
delineated manually). Then, the value of “MODIFIED_Z” was assigned to the old bathymetry (OLD_Z) for the points 
intersecting these areas. Once these modifications were applied, for areas where the riverbank was altered, a spatial 
intersection was made between these areas and the DEM. 

 

Figure 45. Workflow used to modify the current DEM at anthropogenic change areas to reconstitute the natural state DEM. 
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5 RESULTS & DISCUSSION 

5.1 NATURAL SHORELINE DELINEATION 

The natural shoreline delineation was estimated using various historical documents as described in section 4.1.1. Differences 
can be observed between the shoreline delineation and the 1930 aerial photographs. Those differences are caused by the 
use of the low water line to delineate the natural shoreline upstream of the rapids of Saint-Jean. The water depths may have 
been higher than those prevailing at the time the aerial photographs were captured. However, aerial photographs still 
provide a good overview of the extent of anthropogenic changes. The natural shoreline from Saint-Jean to Rouse’s Point can 
be found in Appendix A.    

5.2 ESTIMATION OF CHART DATUM ALTITUDE IN THE NAVD88 DATUM 

The map chart datum with the reference point “7' upper sill lock No. 1 Chambly Canal” was determined using the invariant 
area method described in section 4.1. Table 2 presents the mean chart datum estimated for the different invariant areas and 
Figure 46 shows the distribution of chart datum estimated for each of the old bathymetry points. Results show that the 
mean of the reference surface level varies from one invariant area to another. The difference between the minimum (28.39 
m; 93.12 ft) and maximum (28.62 m; 93.87 ft) values is 0.23 m (0.75 ft). However, given that the water depth values are 
rounded to the foot, the difference between the values remains below the accuracy of the 1887 hydrographic survey. In 
addition, the standard deviation for all points is 0.43 m (1.41 ft), which is relatively close to the accuracy of the hydrographic 
survey as well. Given the accuracy of the hydrographic survey at the time and the possibility that the invariant areas may not 
be completely invariant, the average value of 437 data points can be considered a good approximation of the surface level 
at the time. Furthermore, the confidence interval calculated with a 5% alpha threshold (28.41 m, 28.49 m) is low (interval 
range <10 cm; 3.9 in), the mean chart datum value can be considered as adequate.  

Table 2. Mean and standard deviation of chart datum estimated for each invariant area. 

Area ID 
N (number of points in the 

1887 DEM) 
Mean Chart Datum  

(m) 
Standard Deviation Chart 

Datum (m) 

1 10 28.40 0.21 

2 9 28.62 0.81 

3 13 28.51 0.25 

4 143 28.44 0.28 

5 96 28.54 0.45 

6 7 28.53 0.16 

7 159 28.39 0.52 

TOTAL 437 28.45 0.43 
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Figure 46. Histogram of the chart datum estimated from old bathymetry points located in invariant areas. 

 

5.3 OLD BATHYMETRY INTERPOLATION 

Using the chart datum elevation estimated during the preceding step, the bathymetry of the old maps was estimated by 
subtracting the water depth from the chart datum. The river was divided into sections and bathymetry was interpolated 
using ordinary kriging for each section. Because of the anisotropic (directional) nature of the riverbed topography 
(Merwade et al., 2006), all the sections were estimated using anisotropic kriging, following the river's orientation towards 
the north. The semivariograms with the lowest nugget effect and the maximum range were selected. Plots for three sets of 
semivariance data with distance for the five river sections are shown below (0, 15, and 30 degrees; or 0, 15, and 22 degrees). 
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Section 1: Saint-Jean Rapids 

Kriging parameters: 

• Regular grid at 25 m (82 ft) resolution 

• Lag distance of 50 m (164 ft) 

• Direction: 0, 15 and 30 degrees (anisotropic) 

• Variogram function: Spherical 

 

Figure 47. Anisotropic semi-variogram for the 1887 bathymetry estimation of section 1. 
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Section 2: Saint-Jean to Pointe-à-la-Meule 

Kriging parameters: 

• Regular grid at 25 m (82 ft) resolution 

• Lag distance of 50 m (164 ft) 

• Direction: 0, 15 and 22 degrees (anisotropic) 

• Variogram function: Exponential 

Figure 48. Anisotropic semi-variogram for the 1887 bathymetry estimation of section 2. 
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Section 3: Pointe-à-la-Meule to Île-Aux-Noix 

Kriging parameters: 

• Regular grid at 25 m (82 ft) resolution 

• Lag distance of 50 m (164 ft) 

• Direction: 0, 15 and 22 degrees (anisotropic) 

• Variogram function: Exponential 

Figure 49. Anisotropic semi-variogram for the 1887 bathymetry estimation of section 3. 
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Section 4: Île-aux-Noix to Ash Island 

Kriging parameters: 

• Regular grid at 25 m (82 ft) resolution 

• Lag distance of 50 m (164 ft) 

• Direction: 0, 15 and 22 degrees (anisotropic) 

• Variogram function: Exponential 

Figure 50. Anisotropic semi-variogram for the 1887 bathymetry estimation of section 4. 
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Section 5: Ash Island to Rouse’s Point, NY 

Kriging parameters: 

• Regular grid at 25 m (82 ft) resolution 

• Lag distance of 50 m (164 ft) 

• Direction: 0, 15 and 22 degrees (anisotropic) 

• Variogram function: Exponential 

Figure 51. Anisotropic semi-variogram for the 1887 bathymetry estimation of section 5. 
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5.4 DELINEATION OF ANTHROPOGENIC CHANGE AREAS 

To delineate areas of anthropogenic change, the difference between the current DEM and the 1887 DEM was estimated. 
The threshold value used to determine whether a change in space was considered significant was the standard deviation of 
the estimated chart datum (0.43 m, 1.4 ft; Table 2). Contour maps were generated to identify areas of: 

• River excavated (erosion or dredging) [Minimum Difference; < -0.43 m]  

• Invariant [-0.43 m; 0.43 m] 

• River deposition (sedimentation or backfill) [>0.43 m; Maximum Difference]  

Figures 52 and 53 present examples of difference maps for the Île-aux-Noix area. Note that there was no on-the-ground 
elevation used for the old DEM. The results within the shoreline delineation must be considered. 

 
Figure 52. Observed differences at Île-aux-Noix (blue: excavation, green: invariant, red: deposition). 
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Figure 53. Areas of change between the current DEM and the 1887 DEM. 

In addition, old aerial photographs (1930) from the National Air Photo Library allowed tracing of the natural state of the 
banks for the sectors upstream of Saint-Jean, as there were few modifications to the shoreline before 1930 in these sectors. 
Sections 5.4.2 to 5.4.5 present the aerial photographs in comparison with today’s satellite imagery (Google Satellite 
background map).  

Since the Saint-Jean Rapids area (section 5.4.1.) is critical to the hydrodynamics of the river, efforts were made to link each of 
the observed anthropogenic changes to an event or a feature on the historical archive map. The aerial photographs from 
1930 were not used in this area since the first anthropogenic changes happened before the 19th century. 
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5.4.1 Section 1: Saint-Jean Rapids Area 

Figure 54 presents the map of differences between the current DEM and the DEM estimated from the 1887 charts (left) and 
the potential areas of anthropogenic changes (right). According to the timeline (section 2.1), maps, and historical 
documents (section 3), some of the areas of change have been associated with a historical event or historical map. Areas of 
change that were not identified are considered natural or caused by a difference in the resolution of the data set. Note that 
there is a relatively big gap between the resolutions of the data sets in this area, especially on the river shoal, where the 
current DEM contains a very high number of points. Nevertheless, major anthropogenic change areas can be easily 
identified using the DEM comparison combined with historical events. 

 
Figure 54. Map of differences between the current DEM and the 1887 DEM (left). Map of the potential change areas for the Saint-Jean Rapids area 
(right) estimated from the difference map. (Green line: natural state shoreline, red: excavated or eroded area, blue: backfilled or sedimentation area).  
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Figure 55 presents the identified anthropogenic changes in the Saint-Jean Rapids area. Dredged areas are marked in red, 
while backfilled areas are marked in blue. The areas in purple correspond to anthropogenic structures (e.g., bridges) that 
were not identified as anthropogenic alterations using the DEM difference method. Yellow areas correspond to shoreline 
modifications where linear interpolation was performed at the natural state DEM reconstitution stage. 

 
Figure 55. Anthropogenic change areas delineated from the difference map (blue: infill, red: dredging), manually delineated anthropogenic change 
areas (purple), and manually delineated shoreline change areas (yellow). 
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The historical events listed below are associated with different anthropogenic change areas. The timeline numbers 1-16 are 
shown on the corresponding map in Figure 55 (item 17 is not shown, as it is an onshore feature). Additional details related to 
many of the events in this timeline are shown in the timeline in Section 2.1 above.

1 1826: Construction of the Jones Bridge between Saint-Jean and Iberville (JHALC, March 13, 
1826) 

2 Unknown date circa 1826: Boat channel under Jones Bridge, dredging and deposition of 
dredged material 

3 1836-1841: Construction of the Grand Trunk Railway Bridge (Central Vermont) (Cloutier, 
2000) 

4 1831–1843: Construction of the Chambly Canal (Sévigny, 1983) 

5 1833: Construction of the McGinnis Mill dikes (Noël, 1985) 

6 Circa 1840: Installation of eel traps (SHSC, 2019) 

7 1887: Construction of the Canadian Pacific Railway Bridge (Musée du Haut-Richelieu, 
2019 ) 

8 1891: Dredging over an area of 152 by 27 meters (500 by 88 feet) in front of Saint-Jean 
Harbour (Dominion of Canada, 1891) 

9 1898–1900: Dredging in front of Saint-Jean Harbour (Hudon, 2007; Public Works 
Canada, 1900) 

10 1908–1911: Backfilling between the Central Vermont Railway Bridge and the Jones Bridge 
on the Iberville side of the river (Department of Public Works, 1910) 

11 1910: Dredging was done from the Jones Bridge and the Central Vermont Railway Bridge 
upstream over a distance of 1,585 meters (5,200 feet) and a width of 533 meters (1,750 
feet) (Department of Public Works Canada, 1910) 

12 1909–1911: Extension and embankment of the Chambly Canal Dock in Saint-Jean 
(Cloutier, 2000) 

13 1913: Dredging in front of the property of Eugene Roy (Public Works Canada) (Document 
#21; Figure 23) 

14 1915–1916: Construction of the Gouin Bridge (MTQ, 2019) 

15 1923-1928: Dredging in front of Thuot’s Wharf and near the government pile wharf 
(Public Works Canada, 1923 and 1928) (Document #14 and 17; Figure 15 and Figure 18) 
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16 Circa 1927: Dredging opposite Hazen Creek at Iberville (Public Works Canada, n. d.) 
(Document #15; Figure 16) 

17 1949–1950: Construction of a protection wall at Iberville (Public Works Canada, n. d.) 
(Document #19, 20; Figures 20, 21, and 22)

The confidence level regarding the association of the anthropogenic change areas is high for all historical events except for 
events 6, 11, 13, 15, and 16, which have a medium confidence level. Fortunately, the volume of difference between DEMs is not 
extremely large for those estimated anthropogenic modifications, so the removal or addition of these is not expected to have 
a significant impact on river flow. Since there is evidence of elevation change in those areas (survey maps or historical 
reporting), those anthropogenic change areas were selected even though their precise location was not obvious. 

5.4.2 Section 2: Saint-Jean to Pointe-à-la-Meule 

Comparison between the 1930s aerial photographs and the current satellite map allowed the identification of buildings, 
roads, wharves, and canals that did not exist in the 1930s. Figures 56-58 show sections of the Richelieu River upstream of 
Saint-Jean that have undergone anthropogenic changes in the bank area (wharves, stone walls, etc.). The satellite image on 
the left side of each figure shows the river in its current state, while the aerial image on the right side shows the river in 1930 
before many anthropogenic changes occurred in the Upper Richelieu. Most of the anthropogenic changes in this section are 
located along the shoreline, where docks were built. Dredging probably did not occur in the straight section between Saint-
Jean and Pointe-à-la-Meule because this section is generally deep. Figures 59-61 depict altered areas of the riverbank (red 
stripe) and the shoreline in its natural state (green line). Aerial photographs show that a small channel was dug towards 
farmlands (Figure 61). Many residential properties have embankments in the river for recreational docks and to protect the 
banks from erosion. Overall, human-induced changes in this section are minor. 

 
Figure 56. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River upstream of Saint-Jean that has undergone 
anthropogenic changes in the bank area (Part 1). 
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Figure 57. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River upstream of Saint-Jean that has undergone 
anthropogenic changes in the bank area (Part 2). 

 
Figure 58. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River upstream of Saint-Jean, near Sabrevois, that has 
undergone anthropogenic changes in the bank area  
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Figure 59. Altered areas of the riverbank (red stripe) and the shoreline in its natural state (green line) upstream of Saint-Jean (Part 1). 
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Figure 60. Altered areas of the riverbank (red stripe) and the shoreline in its natural state (green line) upstream of Saint-Jean (Part 2). 

 

Figure 61. Altered areas of the riverbank (red stripe), areas of anthropogenic change (solid red for dredging), and the natural (green line) bank line 
upstream of Saint-Jean, near Sabrevois. 
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5.4.3 Section 3: Pointe-à-la-Meule to île-Aux-Noix 

This section has undergone significant anthropogenic changes. Near Saint-Blaise-sur-Richelieu, canals were dug for 
recreational purposes (Figure 62) and wharves were present in the 1930s (Figure 63). These wharves correspond to what is 
now the Saint-Tropez Marina on the west side and the Sabrevois Marina on the east side. Furthermore, the analysis 
highlights a dredged line from Sabrevois to Île-aux-Noix (Figures 65-66). This dredged line is also present in historical maps 
(Figures 25 and 29). Dredging deposits can be associated with this dredging line along the way. 

 
Figure 62. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Sabrevois that has undergone anthropogenic 
changes in the bank area (Part 1) . 

 
Figure 63. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Sabrevois that has undergone anthropogenic 
changes in the bank area (Part 2). 
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Figure 64. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Île-aux-Noix that has undergone anthropogenic 
changes in the bank area. 

 
Figure 65. Altered areas of the riverbank (red stripes), areas of anthropogenic change (dredging: solid red, fill: solid blue) and the natural shoreline 
(green line) near Sabrevois (Part 1). 
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Figure 66. Altered areas of the riverbank (red stripes), areas of anthropogenic change (dredging: solid red, fill: solid blue), and the natural shoreline 
(green line) near Sabrevois (Part 2). 

5.4.4 Section 4: Île-aux-Noix to Ash Island 

This section presents a major difference in elevation near Île-aux-Noix. Figures 67 and 68 show sections of the Richelieu 
River near Île-aux-Noix that have undergone anthropogenic changes in the bank area (wharves, stone walls, canals, etc.). 
The satellite images on the left show the river in its current state, while the aerial images on the right show the river in 1930 
before many anthropogenic changes took place in the Upper Richelieu. Historical reports indicate that dredging took place 
near Île-aux-Noix in 1874 (Dominion of Canada, 1882) and in 1939 (Le Canada Français, August 31, 1939). In 1912, it was 
reported that the idea of dredging the west channel of Île-aux-Noix was abandoned, and there was no subsequent mention 
of the area being dredged in 1912 (Le Canada Français, June 7, 1912).  

Figures 69-71 depict shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), 
and the shoreline in its natural state (green line) near Île-Aux-Noix. Large areas of dredging have been identified 
downstream and upstream of Île-aux-Noix. Fill areas in the vicinity of these dredged areas were associated with dredging 
deposits. Massive alteration of the banks was also observed in Saint-Paul-de-l’Île-aux-Noix, where numerous canals were 
dug for recreational purposes. In Figure 72, large areas of dredging were identified near Ash Island. These areas are 
associated with the dredging carried out at Lacolle in 1912, during the excavation of the channel of the Grand Trunk Railway 
Bridge, according to historical accounts (Le Canada Français, June 7, 1912, and October 11, 1912). Historical maps report a 
proposed dredging line following the navigation channel (Figure 30). As there were no areas of elevation difference 
between the DEMs along the proposed survey map line (Figure 71), this section was not identified as having been subjected 
to substantial anthropogenic change in the main river channel. 
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Figure 67. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Île-aux-Noix that has undergone anthropogenic 
changes in the bank area (Part 1). 

 
Figure 68. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Île-aux-Noix that has undergone anthropogenic 
changes in the bank area (Part 2). 
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Figure 69. Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the shoreline in its natural 
state (green line) near Île-aux-Noix (Part 1). 

 

Figure 70. Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the shoreline in its natural 
state (green line) near Île-aux-Noix (Part 2). 
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Figure 71. Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the shoreline in its natural state 
(green line) on Île-aux-Noix. 

 
Figure 72. Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the shoreline in its natural 
state (green line) near Lacolle. 
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5.4.5 Section 5: Ash Island to Rouse’s Point, NY 

Figure 73 shows a section of the Richelieu River near Ash Island that has undergone anthropogenic changes in the bank 
area (wharves, stone walls, canals, etc.). The satellite image on the left shows the river in its current state, while the aerial 
image on the right shows the river in 1930 before many anthropogenic changes took place in the Upper Richelieu. This area 
is characterized by a shoal upstream of Ash Island. Figures 74-75 depict shoreline alteration areas (red stripe), 
anthropogenic change areas (dredging: solid red, fill: solid blue), and the shoreline in its natural state (green line) near Ash 
Island (Figure74) and Rouse’s Point (Figure75) An important difference in elevation is observed between Ash Island and 
Rouse’s Point (Figure 75). This difference was associated with the proposed dredging shown in historical maps (Figure 30); 
however, the only historical evidence suggesting dredging is the proposed navigation channel (Figure 30) and mentions in 
historical reports that there had been some dredging near Lacolle in 1912 (Le Canada Français, June 7, 1912, and October 11, 
1912). The former presence of a large natural shoal indicates that dredging was necessary. Note that on the shoal, there 
used to be a lighthouse called “Lacolle Lights” and that the remains are visible on satellite imagery at the low flows (Figure 
76), but this feature is not present in the current DEM, so it was not necessary to remove it. Other anthropogenic changes 
are associated with the construction of Fort Montgomery, the wharves at Rouse’s Point, the bridge crossing Lake 
Champlain, and the dike near the Rouse’s Point Marina (Figure 75). 

 

Figure 73. Current conditions (left) compared to 1930 (right) for a section of the Richelieu River near Ash Island that has undergone anthropogenic 
changes in the bank area. 
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Figure 74.Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the natural shoreline (green 
line) upstream of Ash Island. 

 
Figure 75. Shoreline alteration areas (red stripe), anthropogenic change areas (dredging: solid red, fill: solid blue), and the natural shoreline (green 
line) near Rouse’s Point, NY.  
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Figure 76. Old lighthouse near Lacolle whose remains are still apparent at low flows. Document # 28 (left), Google Earth imagery of October 2016 
(right).  

5.5 RECONSTITUTION OF THE NATURAL STATE DIGITAL ELEVATION MODEL 

The following figures present the current DEM and the natural state DEM, reconstituted by identifying and modifying the 
areas of anthropogenic change. 

 

Figure 77. Current DEM (left) and natural state DEM (right) for the Saint-Jean Rapids area. 
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Figure 78. Current DEM (left) and natural state DEM (right) from Saint-Jean to Pointe-à-la-Meule. 

 

Figure 79. Current DEM (left) and natural state DEM (right) from Pointe-à-la-Meule to Île-Aux-Noix. 
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Figure 80. Current DEM (left) and natural state DEM (right) at Île-Aux-Noix. 

 

Figure 81. Current DEM (left) and natural state DEM (right) from Ash Island to Rouse’s Point. 
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6 CONSLUSION

In 1844, local residents signed a petition asking that eel traps be removed and that a channel be excavated through rapids 
to reduce the risk of flooding (JHALC, 1844). This 19th-century petition shows that the problem being faced today is not 
new. 

The Richelieu River has undergone many anthropogenic changes that certainly have an impact on the contemporary water 
levels of the Upper Richelieu. Man-made structures located near the Saint-Jean Rapids, such as the Chambly Canal, the 
Place du Quai in Saint-Jean, bridges, eel traps and mill dikes, have an impact on the water level of the Upper Richelieu. This 
study has shed light on how the major work on the Chambly Canal was carried out. Historical documents suggest that the 
current location of the Chambly Canal was influenced by the positioning of the commercial wharves already present before 
the first construction work on the canal began in 1831.  

As part of the work presented herein, research was carried out to identify the most relevant historical and cartographic 
documents. These documents were digitized, orthorectified, and compared with the current state of the river, which made it 
possible to reconstitute the natural state of the shoreline and bed. This work presented a detailed methodology allowing the 
matching of the obsolete vertical datum of the old cartographic documents to the NAVD88 datum. The method allowed 
the removal of anthropogenic structures from the DEM such as bridges, embankments, dikes, dredging, and backfilling. The 
natural state of the Richelieu River was poorly documented before this work, and this work is the first to provide a credible 
hypothesis detailing the natural state of the river in the section upstream of the Saint-Jean Rapids.  

The natural state DEM produced in this work can be used to simulate the pristine river hydraulics, i.e., the conditions that 
prevailed before human intervention. This can be used to determine the cumulative impact of anthropogenic changes on 
water level for the Upstream Richelieu River and the Lake Champlain. 
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Appendix  - 1 

APPENDIX - Natural Shoreline from Saint-Jean to 
Rouse’s Point 
Background image source: Google Satellite. The green line represents the natural shoreline delineation at low water depth. 

 
Figure 82. Shoreline at low water for the Saint-Jean Rapids section. 
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Figure 83. (Part 1). Natural shoreline between Saint-Jean and Pointe-à-la-Meule. 

 
Figure 84. (Part 2). Natural shoreline between Saint-Jean and Pointe-à-la-Meule. 
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Figure 85. (Part 3) Natural shoreline between Saint-Jean and Pointe-à-la-Meule. 

 
Figure 86. (Part 1) Natural shoreline between Pointe-à-la-Meule and Île-aux-Noix. 
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Figure 87. (Part 2) Natural shoreline between Pointe-à-la-Meule and Île-aux-Noix. 

 
Figure 88. (Part 3) Natural shoreline between Pointe-à-la-Meule and Île-aux-Noix. 
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Figure 89. (Part 1) Natural shoreline between Île-aux-Noix and Ash Island. 

 
Figure 90. (Part 2) Natural shoreline between Île-aux-Noix and Ash Island. 
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Figure 91. (Part 1) Natural shoreline between Ash Island and the international boundary. 

 

Figure 92. (Part 2) Natural shoreline between Ash Island and the international boundary. 
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Figure 93. (Part 3) Natural shoreline between Ash Island and the international boundary. 
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