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ANALYSIS OF LAKE LEVELS AT VOYAGEURS NATIONAL PARK 

by 

Marshall Flug 

INTRODUCTION 

Voyageurs National Park, located along the Minnesota-Canadian 

border encompasses about 85,000 acres of water, consisting of more than 

30 lakes of which five large ones comprise 96 percent of the water area; 

some 40 percent of the total park area. Figure 1 shows the complex 

network of lakes, rivers, portages, and dams in this northern Minnesota 

area. In 1971 an act by the United States Congress (16 U.S.C. 160) 

created Voyageurs National Park which was then established in 1975 to 

preserve the natural environment, and native plant and animal life, for 

the benefit of future generations. These management functions of the 

National Park Service are harmonious with directives of the Organic Act 

(16 U.S.C. 1) which established the National Park Service. The 

international boundary, between the United States and Canada, follows 

the eighteenth century fur traders route between Lake Superior and Lake 

of the Woods; Voyageurs National Park adjoins a 56 mile (90 km) stretch 

of that Voyageurs Highway. Lakes in this area fill glacier carved rock 

basins and extend into bogs, marshes, and beaver ponds up to nearby 

rocky knobs. From a hydrologic basin perspective, the four major sub-

basins of interest are quantitatively described in Table 1. Namakan and 

Rainy Lakes together contribute about two thirds of the total inflow to 

Lake of the Woods. Both Namakan and Rainy Lakes are partially contained 

within Voyageurs National Park and are both international bodies of 

water; i.e., the international boundary lies within these lakes. 
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Figure 1. Hydrologic Drainage of Voyageurs National Park 
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Table 1. Hydrologic Subbasins 

Subbasins 

Namakan Lake 

Rainy Lake 

Rainy River 

Lake of the Woods 

Active 
Depth 
ft 

11 

4 

6 

Lake 
Area 
mi2 

100 

345 

1485 

Drainage 
Basin Area 

mi" 

7440 

7460 

6570 

5700 

Lake of the Woods Control Board, 1982. 

Why is there interest in studying the regulation of lake levels in 

this drainage basin? The hope is that through better management and 

operation of the existing regulated reservoir system, a larger variety 

of interests will be accommodated. The mission of the National Park 

Service, as detailed in the Organic Act (16 U.S.C. 1), clearly mandates 

that management policies regulate use to preserve natural objects and 

wildlife. Although both Namakan and Rainy Lakes existed as natural 

water bodies, the present day reservoirs are larger and regulated to 

satisfy specific desires of many group and individual concerns. A 

comprise between desirable lake levels and outflows is the primary 

objective with various interests each having different preferences 

throughout the year. Around the lake shores interest groups are pri­

marily concerned with lake levels and include resort owners, tourist 

outfitters, wild river harvesters (including native people), paper 

companies, municipal water suppliers, commercial and sport fishermen, 

and commercial and recreation navigators. However, apparent conflicts 

exist because some interests prefer higher lake levels when others 

desire lower lake levels, particularly during the spring and summer 
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months. Downstream interests, which include resorts, hydroelectric 

power producers, and developed communities, are primarily concerned with 

reservoir outflows. The National Park Service is most interested in 

restoring "natural conditions" (i.e., to comply with the Organic Act) 

whereas the dams in this system were constructed with the main objective 

of producing hydropower. Mutual present day interests are grouped into 

those wishing to restore and preserve the natural environment which 

includes wild rice, native fish, birds and mammals, and associated 

recreation uses; whereas other mutual interests include a corporation 

for producing forest products (which owns and operates the dams), local 

and state governments concerned about continued industry employment and 

a viable local economy, and individuals employed by industry. Additional 

concerns include navigation and pollution abatement which are more flow 

dependent. 

As early as 1905 construction began on the International Falls 

Hydroelectric Project at Koochiching Falls at the outlet of Rainy Lake. 

This dam, as well as the two upstream parallel dams at the outlet of 

Namakan Lake (i.e., Kettle Falls Dam and its sister the Canadian Dam) 

are presently owned and operated by Boise Cascade (i.e., a private 

corporation) and previously by the corporate predecessor. The purpose 

of these dams historically have been to provide storage of water for the 

Corporation's powerhouses at International Falls for processing in their 

pulp and paper mills. The International Falls Hydroelectric Project 

was completed in 1909 and spans the Rainy River from International 

Falls, Minnesota to Fort Frances, Canada. The international boundary 

crosses through the middle of a rock and masonry overflow section of 

this dam. Kettle Falls Dams were completed in 1914 with one dam on each 
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side of the international boundary; both are stop log dams which require 

manual operation for removal and insertion of logs for controlling 

reservoir releases. Turbines at International Falls and Fort Frances 

were installed initially in 1909 and then replaced in 1921 with further 

additions in 1924, later in 1978 grinding stones which were coupled to 

the first turbines for the purpose of grinding logs into pulp were 

removed and presently a new upgrading of turbines is planned. 

Authority granted by an Act of Congress and of the Canadian Federal 

Parliament permitted construction of the dam and powerhouse on the Rainy 

River between 1905-1909. This action paved the way for development of 

forest products mills which in turn created communities at International 

Falls, Minnesota and Fort Frances, Ontario; a transition from furtrading 

posts to small urban communities. This geographic area is well suited 

to the production of wood and for recreation use with an economic base 

highly dependent upon the continued operation of the forest product 

mills. Other interests in the region include numerous resorts, flying 

services, campgrounds, summer houses, restaurants and hotels. Rainy 

Lake also supplies domestic water as well as high grade process water 

for the industrial mills. A water treatment facility owned and operated 

by Boise Cascade Corporation, owners of the dam, is the source of 

domestic water for the city of International Falls. 

HISTORICAL LAKE LEVELS AND REGULATION 

In 1909 the Boundary Waters Treaty between the United States and 

Canada was created and established the International Joint Commission 

(IJC), to prevent disputes regarding use of boundary waters and to 

provide for adjustments and settlements of questions regarding common 

surface waters, and to provide a framework for cooperation on questions 
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relating to air and water pollution, as well as the regulation of water 

levels and flows. The IJC appoints International Boards of Control 

which perform in both a technical capacity and ensures compliance with 

IJC orders. 

COMPUTED NATURAL LAKE LEVELS 

Natural flows and lake levels are a thing of the past in most of 

the Rainy Lake Watershed. Artificially regulated levels have existed on 

Rainy Lake since March, 1909 and on Namakan Lake since March, 1914. The 

lower lines of Figures 2 and 3 represent the computed natural long-term 

mean lake levels, respectively, for Namakan and Rainy Lakes. These 

lines are derived by converting actual recorded lake level data for each 

reservoir to natural (i.e., undammed) lake levels; a computation per­

formed by the U.S. Army Corps of Engineers as part of their assignment 

as members of the Rainy Lake Board of Control. Monthly values for the 

periods 1941 to 1980 and 1931 to 1980, respectively, for Namakan and 

Rainy Lakes are used in the long-term averages shown in Figures 2 and 3. 

Of course, there is considerable variability, from year to year and 

month to month, about these long-term average lines, with variations as 

much as seven feet. The point to emphasize is that naturally occurring 

lake levels and discharges (i.e., river flows) are quite variable with 

time in an uncontrolled system as compared to a highly regulated system. 

This difference has strong implications on the conservation of scenery, 

natural objects, and wildlife and preservation in an unimpaired state 

for future generations. 

Some statistical analysis of the computed natural lake levels are 

provided by the data presented in Figures 4 and 5, respectively, for 

Namakan and Rainy Lakes. The lines plotted in each of these two figures 

are the median elevations for the end of each month, based on data as 
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Figure 2. Rule Curves -- Namakan Lake 
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Figure 3. Rule Curves — Rainy Lake 
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Figure 4. 40 Years Computed Natural Data -- Namakan Lake 



Figure 5. 50 Years Computed Natural Data -- Rainy Lake 
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reported by the U.S. Army Corps of Engineers. A similar graph is 

provided in Figure 6 for Lac La Croix, an uncontrolled lake just 

upstream from the Namakan Lake chain. However, the data for Lac La 

Croix are not "computed natural" but rather actual historic lake level 

measurements. Also shown in Figures 4, 5, and 6 are the maximum and 

minimum reported end of month lake levels, as well as the levels 

occurring at least 25 and 75 percent of the time (i.e., the lower and 

upper quartile). Values for the minimum and maximum indicate the range 

and timing of water inflows experienced by the Lake of the Woods drain­

age basin due to naturally occurring hydrologic variability from year to 

year. The upper and lower quartile are very uniformly distributed about 

the median, however, the maximum and minimum lake levels indicate some 

skew which is most pronounced in the fall months. These statistical 

summaries and particularly the median lines provide useful information 

relating to the timing and variation between naturally occurring lake 

levels, as well as the rate of rise and fall of these lake levels. The 

data presented in Figures 4, 5, and 6 clearly indicates that the peak 

lake levels under uncontrolled conditions occurs between June and July 

on Rainy Lake, a month later than that indicated for upstream Namakan 

Lake or Lac La Croix. 

LAKE REGULATION 

In 1938 a convention between both Canada and the U.S. was 

initiated and duly ratified in 1940 by His Majesty and the President 

which empowers IJC to determine when emergency conditions exist in the 

Rainy Lake Watershed. Furthermore, this convention empowered IJC to 

adopt definite practical measures of control or rules of regulation 

deemed proper with respect to existing and future dams or control works. 
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Figure 6. Natural Levels -- Lac La Croix 
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A primary objective was to secure most advantageous use of waters for 

combined purposes of navigation, sanitation, domestic water supply, 

power production, recreation, and other beneficial purposes. Noteworthy 

actions resulting from this convention included: 1) a careful field 

investigation and technical studies of the hydrology of the watershed by 

the International Rainy Lake Board of Control; 2) identification on the 

north rim of Namakan Lake of a natural high-level outlet called Bear 

Portage, which was at least partially obstructed by a crudely built 

timber and rock-fill barrier apparently constructed by owners of the dam 

without authorization from IJC; and 3) the holding of public hearings to 

allow all interested parties to be heard and present evidence addressing 

questions raised by the Convention. These actions eventually led to the 

IJC Order of 1949 which established criteria for flow releases and 

desirable surface water levels at both Namakan and Rainy Lakes on a 

monthly basis. This order specifically recognized the interests of the 

pulp and paper mills which owned and operated the dam and powerhouses at 

International Falls and Fort Frances. In addition, impacts of regulated 

lake levels on riparian lands, shore properties, erosion of banks, 

flooding, creation of unsightly and unsanitary conditions, recreational 

use, and damaging high flow discharges were recognized concerns of 

individuals and the general public in both the U.S. and Canada. 

The following subsections provide a detailed description of each 

action taken by the IJC. Figures 2 and 3 portray as best as possible 

the tabular values presented by the IJC. The graphs in these figures 

use only one value for the beginning of each month and do not include 

any intermediate dates within any month. A brief summary of the IJC 

actions described below is presented in Table 2 toward the end of this 

section. 
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1949 ORDER 

The International Joint Commission Order of 1949 attempted to 

prevent emergency conditions (defined below) and identified the need to 

anticipate high and low watershed inflows so that regulation of reser­

voir outflows would preclude the occurrence of emergency conditions. 

Emergency conditions were defined as follows: 

EMERGENCY CONDITIONS - IJC 1949 ORDER 

Elevation, feet above Mean Sea Level 

Maximum Minimum 

Namakan Lake 1118.61 1108.61 

Rainy Lake 1108.11 1104.61 

The longest records of data available at that time indicated that the 

maximum level for Namakan Lake need not be exceeded by as much as 0.5 

feet, and that only on rare occasions the maximum and minimum levels on 

Rainy Lake would be violated, due in past to the prescribed method of 

regulation. Other primary stipulations of the 1949 Order are repre­

sented by the reservoir rule curve shown for Namakan Lake in Figure 2 

and for Rainy Lake in Figure 3. These curves graphically portray a 

tabular set of lake evelvations which Namakan Lake was to be at on the 

first of each month and Rainy Lake was not to exceed. Additional condi­

tions set maximum discharge restrictions at International Falls Dam 

(i.e., from Rainy Lake) at an average of 6,000 cfs whenever the lake 

elevation is below the prescribed level for that date; and furthermore, 

that discharge be reduced to 4,000 cfs when on July 1 the lake level 

falls below 1108.11 feet and the average inflow rate is less than 10,000 

cfs, or whenever the level of Rainy Lake is more than two (2) feet below 
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the level indicated by the 1949 rule curve of Figure 3 and the inflow on 

the first of the month is below 10,000 cfs. 

1957 ORDER (AMENDMENTS) 

As a result of complaints lodged with the International Joint 

Commission surrounding operation of the flow control works under the 

1949 Order and in view of the floods of 1950 and 1954, the Commission 

directed the International Rainy Lake Board of Control to prepare a 

report on the operation of reservoir control works and method of regu­

lating levels of the boundary waters. Specific questions the Board and 

its subsequent report were directed to address were: 1) in what parti­

culars has the 1949 Order proved unsatisfactory; 2) in what instance, if 

any, have requirements of the Order not been complied with and why; 3) 

considering the various interests in both Canada and the U.S. concerning 

lake levels, what changes in the method of regulation is desirable; and 

4) what changes to existing control works or operation of such is 

necessary for improved regulation, if any, and at what cost? Further 

directions to the Board included consideration of legal rights of all 

interests and that any suggested change in regulation have no adverse 

effects on riparian interests along the shores of Lake of the Woods, or 

appreciable interference with Lake of the Woods hydropower generation. 

Additionally, any revision of the method of regulation should consider 

snowpack in the basin and forecasting of such to allow the drawdown of 

lake levels in advance of peak inflows. 

The resulting report, completed in July 1956, concluded that: 1) 

the 1949 Order is generally satisfactory; 2) the terms of the Order have 

been satisfactorily met during the seven year period except for two 

extreme high water years in 1950 and 1954; 3) no change be made in 
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operation for Rainy Lake; 4) Namakan Lake be allowed to vary between the 

1949 levels and a proposed maximum set of levels for the period October 

1 to June 1; and 5) the existing control works need not be modified as 

long as the company maintains the condition such that outflow adjust­

ments can be made promptly. Following this reporting of the Interna­

tional Rainy Lake Board of Control to the International Joint Commis­

sion, a public hearing was held with the recommendations explained and 

all interested parties offered an opportunity to be heard. As a result, 

all of the report recommendations were included in an amendment to the 

1949 Order; including, under the direction of the Board the lowering of 

Namakan Lake in anticipation of spring runoff but not below the 1108.61 

feet minimum level. Figure 2 includes a graphical representation of the 

maximum rule curve for Namakan Lake established by this 1957 Amendment. 

Besides providing greater flexibility to operation of the system, the 

maximum rule curve provides for the extension of full reservoir level in 

Namakan Lake on June 1 as opposed to July 1, to accommodate resort 

interests, and furthermore provided a maximum level of 1112 feet during 

the period April 1-21 to improve fish spawning activity. This amendment 

was implemented for a five year period with an opportunity for inter­

ested parties to be heard prior to modifying or continuing the enactment 

of the 1949 Order with these 1957 Amendments. 

1970 AMENDMENTS 

The Commission extended the above described Order and Amendments 

twice; however, in the summer of 1968 requested the Board to further 

examine the method of regulating levels of Namakan and Rainy Lakes. This 

examination came in response to heavy rainfalls which occurred since 

1957 and particularly throughout the summer of 1968 which resulted in 
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