Regulated Lake Levels
and Voyageurs National Park

Editor’s Note: The following article, derived
from a comprehensive Water Resources Re-
port (WR 86-5), available from the NPS Water
Resources Division in Fort Collins, CO, is
presented here to show managers and re-
sources staff the merits and application of
hydrautichydrologic modeling.

By Marshall Flug

Voyageurs National Park, located along the Min-
nesota-Canadian border, is a complex network of
lakes, nvers, portages, and dams that occupy glacier-
carved rock basins and extend into bogs, marshes,
and beaver ponds. The international boundary, be-
tween the United States and Canada, foliows the
18th century fur traders route between Lake Supenor
and Lake of the Woods; Voyageurs NP adjoins a
56-mile stretch of that Voyageurs Highway. Figure 1
provides a flow chart of the hydraulic system with a
brief hydrologic description of four major sub-basins
given in Table 1. The relative sizes and active depths
of Namakan and Rainy Lakes are such that a one-
foot change on Rainy Lake is equivalent te a volume
of water for a three-foct change on Namakan Lake.
These two lakes contribute about two-thirds of the
total inflow and represent more than ene-half of the
drainage area into the much larger Lake of the
Woods.

Although both Namakan and Rainy Lakes existed
as natural water bodies, today the reservoirs are
larger and regulated to satisty many specific con-
cerns. Around the lake shores. groups primarily con-
cerned with lake levels include resort owners, tourist
outfitters, wild rice harvesters (including native
people), pulp and paper companies, municipal water
suppliers, commerciaf and sport fishermen, and com-
mercial and recreation navigalors. However, appar-
ent conflicts exist because some interests prefer
higher iake levels when others desire lower lake
levels, particularly during the spring and summer
months. Additicnal concerns include navigation and
pollution abatement, which are dependent on reser-
voir outflows.

The National Park Service is most interested in
restoring “natural conditions” {to comply with the
Organic Act) whereas regulated conditions differ in
both magnitude and fiming from historic natural lake
ievel fluctuations. These physical ditferences result
in alterations of the shoreline habitat and littoral
zone, directly affecting the abundance and distribu-
tion of the fish, birds, mammals, plants. and inverte-
brates that use these habitats. Additionally, construc-
tion of a dam and powerhouse on the Rainy River
paved the way for development of forest product
mills. which in turn created communities at Interna-
tiona Falls, Minnesota and Fort Frances, Ontario; a
transition from fur-frading posts to small urban com-
muntties.

Historical Lake Levels and Regulation
Artificially regulated levels have existed on Rainy
Lake since completion af the International Falls Hy-

Table 1. Hydrologic Subbasins

Active Drainage

Depth  LakeArea Basin Area
§_ubbasin5 ft mi? mi?
Namakan Lake 11 100 7440
Rainy Lake 4 345 7460
Rainy River 6570
Lake of
the Woods 6 1485 5700

droelectric Project at International Falls/Fort Frances
in 1909 and on Namakan Lake since completion of
Kettle Falls and its sister Canadian dams in 1914.
The lower lines of Figures 2 and 3 represent the
computed natural long-term mean lake levels, re-
spectively, for Namakan and Rainy Lakes (ie,
assuming no dams existed). Of course, there is
considerable varability, from year tc year and month
to month, about these long-term average lines, with
variations amounting to as much as seven feet. The
point is that naturalty occurring lake levels and dis-
charges {i.e., river flows) are variable with time in an
uncentrolled system as compared to a highly regu-
lated system. This difference has sirong implications
for the conservation of scenery, natural objects, and
wildiife and preservation in an unimpaired state for
future generations.

In 1909 the Boundary Waters Trealy between the
United States and Canada was created and estab-
lished the International Joint Commission (1JC).
which is responsible for overseeing reservoir water
levels and flow releases. The IJC appoints Interna-
tional Boards of Contral, which study and then recom-
mend specific water levels and discharges at different
days of the year. Such defined values constitute “rute
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curves” for reservoir operation for securing the most
advantageous use of waters. The initial IJC Order of
1948 established specific criteria for flow releases
and surface water leveis at both Namakan and Rainy
Lakes on a monthly basis, with major Amendments
added in 1957 and 1970.

The 1970 rule curves (rule band} are shown in
Figures 2 and 3, respectively, for Namakan and
Rainy Lakes. The maximum lake level ruie curve is

{Continued on page 22}
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The drainage basin network shown in Figure 1 is
interpreted as a series of nodesand finksthat operate
by defined mathematical relationships. A mass bai-
ance model simulates the lake system by maintaining
continuity between reservairs in the system such that:

Inflow = Qutflows + Change in Storage
where, Infiows serve as the input data (i.e. the
independent variable); Outflows are computed at
each node {i.e., dam outlet); and the Change In
Storage is computed for each reservoir.

In addition to continuity, various constrants are
included in the madel, representing physical or legal
limiations of the reservoir system. These constraints
include maximum outflows through existing outlet
works, minimum flow requirements for water pollu-
tion, both maximum and minimum lake ievels, and
others as appropriate. The resulting mathematical
equations are then solved for the input data given
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Operating Rules
The “operating rules” provide atiributes by which
Figure 3. Rainy Lake Levels
Voyageurs NP SYSTEM DESCRIPTION
Continued from page 21 Network Characteristics
identified by the MAX curve ¢n Figures 2 and 3; the System Configuration
minimum levels of the IJC order correspond o the Hydraulic Relationships
curves labeled MIN. In brief, the 1857 and 1970 Capacity Limits: Minimum and Maximum
Amendments modified the timing at which fult reser- Reservoir Storage,
voir levels were achieved. adjusted the low level in Outflow, Turbine
April to improve fish spawning, replaced the rule Discharge
curve with a maximum and minimum rule band,
redefined "emergency conditions,” provided grealer
flood reserve capacily, and established minimum
discharges for downstream poilution abatement.
Model Descriplion BN OPERATING

The NPS became interested in evaluating alterna-

five rutes for reservoir operation to complement their Daily Data: rities:

involvement in studies of littoral biota, vegetation and
benthic grganisms, fish communities of walleye and
norihern pike, shore and marsh nesting birds, beaver,
and muskrat. These biologic studies are directed at
answering questions related to management poficies
and their effect on preservation of the naturai environ-
ment. A mathematical simutation model of the multi-
fake watershed is a vaiuable tool to permit manage-
ment 1o evaluate whether slight modification of the
regulated operation rules can reduce adverse effects
on Park aguatic and riparian life without conflicting
with other authorized uses of water.

A conceplual schematic. which identifies the major
components of the modeling approach. is given in
Figure 4. In brief, the hydrologicihydraulic system of
concem is isolated and the flow path of water through
the rivers and lakes identilied.

Figure 1 portrays the hydrologic:hydraulic system
of the drainage basin in a flow chart format. The
network system begins at the upsiream end of the
waltershed with infiows to the Namakan Lake chain
and proceeds through the lake with outflows via
Kettle Fails Dams and portages. These outflows then
enter Rainy Lake along with other unmeasured in-
flows. Fiows out of Rainy Lake are all through the
dam at International Falls. Forl Frances and generate
hydropower up to a maximum turbine discharge and
based on a turbine etficiency. These Rainy River
flows then become input to Lake of the Woods along
with other ungaged inflows. Discharges from Lake of
the Woads are through the hydropower faciiiies at
Norman and Kenora.
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the modet is instructed to allocate and route water
thorugh the system. To simulate management op-
tions for reservoir operation requires a set of alterna-
tive operating rules for Namakan and Rainy Lakes.
The target lake levels. labeled ALT F in Figures 2 and
3 are only cne example of an alternative set of
operating ruies. Specific values associated with ALT
F in Figures 2 and 3 for each month are selected by
aftempting to follow the pattern and aspects of the
naturally occurring lake levels. The natural levels are
shown as the mean in these figures. Adjustments
were made to these naturally occuring flows to
accommodale the higher lake levels crealed by the
dams at Kettle Falls and at Internalional Faiis-Fort
Frances.

Ater simulating the operation of this system for the
hydrotogic input data and subject 1o the hydraulic
consiraints, the resulling lake levels, reserveir out-
flows, and hydropower generated each month of the
simulation are output. Specific management options
are analyzed by comparing the results frem simuta-
tions {with alternative target operating rules) io his-
toric reservoir regulation rules. Numerous graphic
and tabuiar options are used to compare results from
one simuiation to another.

Summary

Aquatic and riparian habitats within Voyageurs NP
are influenced by dams constructed in the early
1900s. requlated for the primary purpose of hydro-
power generation. Reservoir operating rules. which
primarnly specify desired lake eievations but aiso
define limited discharge constraints, evolved over
the years. Changes were pericdically implemented in
response fo various lake shore interests and due to
difficuities in operating the physical system in adher-
ence to the existing rules of regulation. Inlerest
groups continue to voice their concerns for maore
natural lake level fluctuations, different timing of peak
and low lake elevalions, increased flood storage
reserve, navigation. and improved water levels for
fish. wild rice, nesting birds, and other aquatic and
riparian life. as well as individuals and resort owners
wilh vested lake shore interests.

Of late. the NPS {circa 1975) was given the respan-
sibility to conserve natural objects and wildlife, and
{c leave them unimpaired for future generations. This
is a formidable task for a system that was regulated
for over haif a century.

The Park Service is inferested in management
options for reguiating lake levels and reservoir out-
flows tc accommodate all beneficial uses of these
waters. An oplimizing simulation model is used to
help assess the impact of alternate reserveir operat-
ing rules on various lake shore interests. An analysis
of impacts on specific beneficial uses of these waters
i5 quantifiable by simulation modeling. Such an effort
supplies sound information for evaluating manage-
ment options.

As new data become available. from ongoing
aquatic and riparian sludies, alternative reservoir
target elevations can be modeled. The results pro-
vide information for discussions and negotations
between Federal. State, international, and private
interests. and can lead to mutually agreeable solu-
fions for centinued beneficial use of these waters.
Use of a simulation mode! and the associated output
provides concrete indications as to what changes are
possible and goes a step beyond idle rhetoric of what
are and are not reahstic management options.

Flug fs a Hydrologist with the NPS Waler Re-
saurces Division. Fort Collins, CO 80523,



