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US Army Corps .
of Engineers Project: 1:1551SSIPPI RIVER HEADWATERS LAKES
St Paul Distnct LOW FLOW REVIEW FINAL REPORT
Date: in Reply Refer to:
October 26, 1990 PD-PF/Herb Nelson

The St. Paul District, U.S. Army Corps of Engineers is publishing a final report
concerning water control for the 6 dams at the Mississippi River Headwaters
Lakes Project under low flow conditions. The report was completed in response
to concerns raised during the 1988 drought and low flows on the Mississippi
River. The draft report was published in June 1990 and public comments were
received by the end of August 1990. A public meeting was held in July 1990 at
Walker, Minnesota.

If you did not receive a copy of the final report with this notice and would like
a copy. you may send a written request to the address below or call Herb Nelson,
the study manager, at telephone (612) 220-0&03.

District Engineer

U.S. Army Corps of Engineers

ATIN: PD-PF/Herb Nelson

1421 U.S. Post Office and Custom House
St. Paul, Minnesota 55101-1479

The Corps has concluded that the routine low flow discharges are adequate for
present conditions for all 6 dams. However, the final report recognizes that
improved communications are needed with the public and other agencies during
severe low flow conditions. In the event of another seve»e drought, the report
describes specific low flow conditions that would trigger the Corps of Engineers
to begin more advanced coordination with the public and other agencies and
quicker formation of a formal Drought Management Team in the St. Paul District
office.

The Corps has concluded that the priority of purposes for operation of the
Headwaters project are, in order: navigation, Chippewa Treaty Trust resources,
and then the general public good. The Minnesota Chippewa Tribe and the Minnesota
Department of Natural Resources do not agree with the Corps finding on the
priority of project purposes. However, we understand that a human health and
safety emergency, such as a shortage of water supply in the Twin Cities, could
become a temporary highest priority. The Corps has concluded that such an
emergency would exist if the National Weather Service 30-day outlook predicted
that Mississippi river discharges at Anoka would drop below 554 cubic feet per
second (cfs). Under those conditions, the St. Paul District Engineer would
determine how best to temporarily meet the emergency with additional discharges

from one or more of the project lakes.
///-
////%t

A L /
Roger L<Baldwin
Colonel, Corps of Engineers
District Engineer
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EXECUTIVE SUMMARY

In response to the drought in 1988, the St. Paul District, U.S. Army Corps
of Engineers reviewed the low flow portion of its water control plan for
the Mississippi Headwaters Lakes projects. This review concludes that the
routine low flow discharge rates for each project lake are adequate for

present needs. However, some institutiona. aspects of the low flow plan
need updating. This report contains proposed changes to the low flow plan,
including: (1) interagency coordination procedure with specific triggers

for stepped responses as conditions worsen, including identification of low
flow emergency conditions in the Minneapolis-St. Paul metropolitan area;
(2) organization of the St. Paul District in-house drought management
team; and (3) preparation and use of a public information plan specific to
droughts. Additional conclusions and recommendations are found, beginning
on page 56 of this report.

Typically, waters from the project’'s lakes are discharged in accordance
with the routine low flow plan for commercial navigation and other
downstream purposes. The routine low flows also provide a significant
benefit to the first 50 to 75 miles of aquatic habitat and other instream
needs below each project dam. Under emergency conditions, particularly for
human health and safety, the routine low flow discharges from the project
lakes can be supplemented.

The relative priority for use of Federal project waters at the Headwaters
project is commercial navigation first, Treaty Trust resources second, and
general public good third. The Minnesota Department of Natural Resources
(MDNR) and the Minnesota Chippewa Tribe do not support this relative
priority. However, both agree that huwman health and safety emergencies,
such as a shortage of potable water, could temporarily supersede these 3
priorities. The Federal Government'’'s Treaty Trust responsibility stems, in
part, from a treaty that was entered into by Congress in 1855, with later
modifications, that reserved areas for the Ojibwa people to live and use

resources in the Headwaters Lakes area. The project authority for
commercial navigation was created by Congress in the Rivers and Harbors
Acts of 1880 and 1882, with later modifications. In 1944, Congress

recognized that the commercial navigation purpose had diminished with
rconstruction of the locks and dams system on the Upper Mississippl River.
Thus, Congress added the somewhat vague purpose of "general public good" to
the authorized project purposes, but at a lower priority than commercial
navigation. The relative priority of the commercial navigation authority
over Treaty Trust responsibility comes from interpretation of previous
Federal court decisions.

It is expected that emergency conditions that would justify releases in

excess of the routine low flow plan would be quite rare. The current
Mississippi River emergency-level discharge of 554 cfs for 7 days, can be
expected to occur, statistically, about once every 100 years. Emergency

flow (554 cfs) events of longer than 7 days would be expected to occur less
frequently. The St. Paul District will not recognize an upward revision of
"he emergency discharge of 554 cfs without first consulting with the
Minnesota Chippewa Tribe. Further, ongoing planning efforts by the State of
Minnesota, the Metropolitan Council, and individual municipal water
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utilities are expected to reduce the risk of occurrence and the overall
magnitude of the impact of a given emergency low flow condition. The MDNR
and Metropolitan Council together have prepared a Drought Response Plan
shown on Table 6 of the Council’s Short-Term Water Supply Plan, dated
February 1, 1990. 1he Council/MDNR Drought Response Plan is shown on the
next 2 pages. The Council/MDNR matrix 1is consistent with the Agency
Drought Coordination Matrix that 1is described in the section immediately
following this Executive Summary. The Council/MDNR matrix is specific to
the actions that would be taken in the Twin Cities area by these agencies.
The Agency Drought Coordination Matrix summarizes the coordination and
actions to be completed by the various levels of government at each stage
of a worsening drought.

This report describes the decision-making and coordination process that
would be followed by the St. Paul District, Corps of Engineers in the
unlikely event that emergency supplemental flows might be needed from the
Headwaters Lakes project. Droughts involve so many variables that it is
impossible to "pre-plan" alternative water control actions in detail for
all potential drought scenarios. Thus, the process for decision-making has
been defined, rather than attempting to formulate all possible alternative
scenarios. The decision-making process 1is illustrated using 3 scenarios,
and it must be understood that the 3 scenarios are not preconceived for all
future water control decisions.

The decision-making process conceptually follows the Federal water
resources planning system established in the Principles and Guidelines:
(1) verify the emergency need for surplus low flows; (2) formulate
alternative emergency discharge plans based on professional consideration
of prevailing physical conditions; (3) evaluate effects of each
alternative, including effects on Treaty Trust resources; and (4)
implement, monitor and adjust the best plan as needed.




SUMMARY OF DISTRICT'S EMERGENCY 1OW FLOW DECISION PROCESS

During low flows on the Upper Mississippi River, the District coordinates
with others in accordance with the Agency Drought Coordination Matrix,
shown on the next page. The following paragraphs indicate what the
District expects to do and when during each phase of the drought.

Normal Conditions - The routine low flow plan will be followed. Normal

agency coordination will occur, as summarized in the Agency Drought
Coordination Matrix and in detail in Appendix D.

Drought Watch Phase - The routine low flow plan will be followed during a
Drought Watch Phase. The Drought Watch Phase is not triggered by a
specific river discharge. Rather, it is triggered by a combination of
factors, including: precipitation deficiencies, declining streamflows,
Palmer Drought Index, frost depths, lake and reservoir levels and
groundwater conditions. The State Climatologist, other Minnesota
Department of Natural Resources (MDNR) employees, and the Natinnal Weather
Service (NWS) routinely monitor these factors and can indicate when a
Drought Watch is underway.

Typically, the Minnesota DNR would convene the initial meeting of the
Governor'’'s Drought Task Force, based on the status of the drought
indicators. The runoff meetings that are routinely attended by the
District Water Control Center, beginning in each February, would also be an
opportune time to determine the need for convening the Drought Task Force.
However, anvy member of the Task Force may also request that the group
convene at any time. The District Drought Cocrdinator should also notify
the Bureau of Indian Affairs (BIA) and Chippewa Tribal representatives of
any Drought Task Force meetings that the District is involved with. The
objectives of the Task Force meetings are to exchange information,
determine the need to obtain further information, and discuss the
likelihood of occurrence of public health and safety emergencies resulting
from the drought.

Conservation Phase - This phase is defined as when the 72-hour flow at
Anoka is at or below 1,000 cfs. The routine low flow plan will be followed
during the Conservation Phase.

In-house drought team members will be assigned and begin meeting when the
National Weather Service (NWS) 30-day prediction indicates that the
Conservation Phase will occur. At the meetings, the Drought Team
Coordinator will ensure that the team is thoroughly familiar with the low
flow emergency decision-making procedure contained in this report. The
Drought Team members will ensure that the information bases required for
this decision-making process will be current, when needed. Further,
Drought Team members will consider the need to coordinate with other
agencies and monitor and document low flow conditions, including, but not

limited to: water quality, instream flow evaluations, Treaty Trust
resources and remote sensing. Monitorine and documentation ma:" tegin as
required and if funds are available. The District would provide

information concerning project status to the public and continue to
participate in the State Drought Task Force.
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The Public Information Plan is extremely important, particularly for the
outstate stakeholders. The Headwaters Board is a valuable asset for
providing a public forum for exchange of project related information. The
individual Chippewa Bands may also wish to hold meetings with the
assistance of the District Tribal Coordinator and Drought Team
representatives. Also, the District should identify an official
spokesperson and notify media contacts that a spokesperson is available for
answering questions and attending press conferences. The spokesperson is
also responsible, with the assistance of the Public Affairs Officer. to
ensure that regular and special news releases are made. The news releases
should contain specific factual information to help minimize misconceptions
about the low flow event.

At this time, the Emergency Phase trigger of 554 cfs for 72 hours at Anoka
will be wverified, through agency coordination, based on then current
emergency water needs for navigation and human health and safety purposes.
The review would be needed to determine whether the emergency needs have
changed from the 1990 figure of 554 cfs (350 cfs commercial navigation,
202 cfs municipal supply plus 2 cfs NSP), measured at the Anoka gage.
However, consultation will occur with the Minnesota Chippewa Tribe before
the Emergency Phase trigger would be revised upward.

Restriction Phase - This phase is defined as when the 72-hour flow at Anoka
is at or below 750 cfs. The routine low flow plan will be followed during
the Restriction Phase.

The District Drought Team Coordinator will direct the team to formulate and
evaluate alternative plans for releasing emergency low flows from project
lakes when the Restriction Phase is expected to occur in the next 30 days,
based on the NWS flow predictions. Examples of the planning process to
formulate alternative emergency release plans are contained in this report,
primarily as a guideline to future District Drought Team members that may
not have been involved with this 1990 review study. The planning process
will be accomplished in consultation with the Bureau of Indian Affairs and
Cnippewa Tribal governments, MDNR personnel and others, as needed.

Some of the factors used to compare the effects of alternative emergency

release plans will include: effects on Treaty Trust resources,
recoverability of individual reservoirs, prevailing lake levels and stream
flows, recreation economics and environmental effects. Effects of

emergency releases on both downstream and in-lake resources will be
considered in evaluating and comparing the alternatives being considered to
make the emergency release. The information will be used by the District
in formulating the best way to release supplemental low flows, if any are
needed, from Headwaters Lakes. Information about the plan formulation and
decision-making process and findings will be made available to the public.

During the Restriction Phase, it would seem most prudent to use Mississippi
River flows, as much as possible, to maintain maximum offstream storage in
the City of St. Paul water system to be prepared in the event that the
Emergency Phase occurs. This would help minimize the total volume of
emergency releases from the Headwaters project.




Emergency Phase - This phase is identified as when the flow at Anoka is at
or below the emergency discharge figure, determined to be 554 cfs in 1990.

The District will determine the timing and amount of emergency flows from
the Headwaters project lakes, if needed, to support the emergency flow
requirements of 554 cfs at the Anoka gage. The District’'s emergency
actions will be triggered by the NWS 30-day prediction of the emergency
discharge. The 30 days of lead time is expected to provide 5 to 10 days to
determine and properly coordinate the emergency decision, in addition to
travel time for project waters to reach the Anoka gage.

It is noted that the emergency phase does not automatically trigger a
specific, predetermined amount of emergency discharge from the Headwaters
project lakes. The District will compute the required emergency discharge,
based on the prevailing emergency conditions. The District will consult
with Minnesota Chippewa Tribal government representatives, MDNR and BIA in
determining the amount and timing of emergency releases. Coordination will
also occur concerning sources of low flows from non-project Headwaters area
lakes, such as from Cass Lake, Lake Bemidji and others.

Emergency releases from the Headwaters project lakes are contingent upon
the imposition of appropriate water use restrictions, as summarized by the
MDNR in their Drought Response Plan. The District Drought Team will
coordinate with the MDNR to determine what allocations have been suspended
by the MDNR, prior to making emergency low flow releases.

Emergency releases from the Headwaters project lakes are also contingent
upon coordination witl: the main stem dam operators from Grand Rapids to the
Coon Rapids Dam to solicit their cooperation in water control to prevent
induced discharge shortages during flows at Anoka less than 1,000 cfs.
This coordination is probably best accomplished as a cooperative effort
between MDNR and District Drought Team representatives.

Adjustments and Termination of Fmergency Releases - Emergency releases from
the Headwaters Lakes project may need to be adjusted periodically, based on
changes in the NWS 30-day outlook. However, if discharge adjustments are
required during extreme low flows, they should only he changed slowly and
infrequently, perhaps every 2 to 3 weeks. It would be ineffective to
adjust project discharges daily, in response to daily discharge
fluctuations at the Anoka gage, because of the extended travel time between
the lakes and the gage. If emergency releases are found to be ineffective
or no longer needed, they will be terminated immediately.
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Draft Low Flow Plan
Completed

Newsietter Index on page two

L _

The St. Paul District, U.S. Army Corps of Engineers has
completed a draft report concerning the release of low
flows from the Mississippi River Headwaters Lakes
Project. The project includes Lake(s) Winnibigoshish,
Leech, Pokegama, Sandy, Gull and Pine River Dam
(Cross Lake). The study was completed ir. response to
concerns raised dur’  the 1988 low flows on the Missis-
‘ sippi River. The dre,t report describes the decision-

making process that the St. Paul District Engineer
proposes to use for both routine and emergency low flow
operation of the six project dams.

This newsletter summaries the main points of the report.
Please share it with your friends and neighbors who may
be interested in the low flow plan, but who may not be on
our mailing list. If you would like additional information,
and did not get a copy of the draft low flow report with
this newsletter, please contact the St. Paul District:

St. Paul District, U.S. Army Corps of Engineers
ATTN: Herb Nelson (PD-PF)

1421 U.S. Post Office

St. Paul, MN 55101-9808

(612, 220-0403

You are invited to comment on the draft low flow plan
by the end of July 1990. You may provide your com-
ments in writing or by telephone, to Herb Nelson. We
will finalize the report in August 1990. At that time, the
. low flow decision process will be ready to use.

Public Meeting
Scheduled

The Mississippi River Headwa-
ters Board is sponsoring a
public meeting on Wednesday
July 18, 1990 at the American
Legion Club in Walker, Minne-
sota. Low Flow Plan Project
Manager Herb Nelson of the
U.S. Army Corps of Engineers
will present a slide program
about the low flow plan recom-
mendations in the draft report.
Area residents will have an op-
portunity to ask questions and
make comments about the iow
flow plan. The meeting begins
at 7:00 p.m., downstairs.

Point of contac* for the meeting
is Ms. Molly M .cGregor,
Administrator {or the
Mississippi River Headwaters
Board at 218/547-3300,
extension 263.
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Priority of Project Purposes Authorization
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The position of the St. Paul District, Corps of Engineers is that the relative
priority of purposes for operation of the Headwaters Project follows this
order: (1) commercial navigation on the Mississippi  River, (2) Chippewa
treatyv-protected natural resources; (3) general public good.

The Minnesota Department of Natural Resources’' (MDNR) and the Minne-
sota Chippewa Tribe and Bands' interpretations of the priority of project pur-
poses each differ from the Corps of Engineers' position. However, these in-
volved groups agree that a human health and safety emergency, such as a
shortage of water supply (needed for drinking water and fire protection) in
the Twin Cities, could become a temporary highest prionty.

During this study, water supply and navigation requirements were evaluated
and specific emergency needs were identified. It is expected that an emer-
gency would exist if Mississippi River flows at Anoka, Minnesota, dropped
below a flow rate of 554 cubic feet per second (cfs). Thus, according to this
criterion, no emergency existed in 1988. Based on historical data hydrolo-
gists predict that such emergency flows (554 cfs) lasting for seven days
would occur approximately once every 100 years. Low flows lasting longer
or at less discharge would occur even less frequently.

Chippewa Treaty Rights

]

In 1855, prior to authorization of the Headwaters Project, Congress entered a
Treaty, with later modifications, with the Minnesota Chippewa Tribe. The
purpose of the Treaty was to reserve lands with associated natural resources
to provide a moderate standard of living for the Chippewa people living in the
Headwaters lakes area. As a result of the Treaty, the federal government, in-
cluding the Corps of Engineers, has a trust responsibility to protect and
conserve the natural resources that the Treaty reserves for use by the
Ckippewa. The Chippewa people gather natural resources including white-
fish, wild rice, game and others for personal use and for sale to others.
Operation of the six project dams can affect :he abundance of and access to

some of the natural resources used by the Chippewa people.

In 1880, Congress authorized the
Headwaters Project for the specific
purpose of providing flows for down-
stream commercial navigation. Later
modifications to the original author-
ity added the purposes known as
“general public good”, including rec-
reation, fish and wildlife, instream
flows, flood control, water supply,
and any other "project benefit" to the
general public, as determined by the
St Paul District Engineer. The au-
thorization for the project also
specifies that the project dams will
be operated by the federal govern-
ment, in this case, the Army Corps of
Engineers. The St. Paul District En-
gineer has been assigned the re-
sponsibility to operate the project,
under some very specific constraints.
An issue exists in that the State
of Minnesota has claimed at least
partial authority over operation of the
six project dams. The St. Paul
District’s position is that the federal
government has sole authority until
Congress authorizes otherwise.
However, the District Engineer
would consult with the Minnesota
Chippewa, MDNR and others, as
necessary, in operating the project.

@
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Routine Low
Flow Plan

1

The routine low flow plan was
originally developed in the 1950's.
The plan provides guidelines about
how much water should be released
from each project dam during low
flow conditions. The District Engi-
neer may vary from the routine low
flow plan at any time, but would
consult with interested parties if the
change was significant or for more
than a short ime. One example for
short-tcrm vanations from the low
flow plan is for maintenance work at
the projects.

This is how the routine low flow
plan works: The project lakes
typically are at their highest levels
just after the spring snowmelt runoff
has occurred in April or May. High
lake levels may also occur following
periods of heavy rainfall. Lake
levels then begin to drop as water is
released from the dams to bring lake
levels to within the range of normal
summer elevatons and to prepare
the lakes in the event that an unusu-
ally heavy rainfall would suddenly
raise the lakes. When each lake
drops to apredetermined level, the
discharge from that lake is reduced
to its routine low flow figure, shown
on the table above right. The lake
elevation that triggers the routine
low flow is different for each lake,
but is near the bottom of each lake's
summer pool band. Routine low
flow discharges typically begin in
July or August, but can occur any
time, depending on the level of each
lake and the amount of inflow to that
lake. It is also interesting to note
that, while one lake may be dis-
charging at routine low flow, another
lake could be discharging at a much
higher flow rate, depending on the
specific conditions for each lake.

Pokegama Lake.

( Headwaters Routine Low Flow Plan

Lake Winnibigoshish

Leech Lake

**Pokegama Lake

Sandy Lake

Pine River Dam (Cross Lake)
Gull Lake

“cfs indicates cubic feet of watar released per second

** Pokegama Dam releases only the water that it receives from Win-
nibigoshish and Leech, totaling 200 cfs. Thus, the total routine low flow
from all project lakes does not include any water from storage in

j

100 cfs”
100 cfs
200 cfs
20 cfs
30 cfs
20 cfs

_/

Routine Low Flow Discharges

Found Adequate

r

One of the greatest benefits of the
routine low flows is that they support
the aquatic life in the river down-
stream from each dam. The low
flows are most beneficial within the
first 50 to 75 miles downstream from
each dam. The routine low flows also
provide benefits as far downstream as
the Twin Cities area, including navi-
gation, water supply, recreation,
water quality, power production, and
urmgation.

One important part of this study
was to determine how well the routine
low flow plan worked during the 1988
low flows. During the 1988 drought,
the discharge from each dam was at
its routine low flow. This provided
an opportunity to evaluate the routine
low flow plan in two different ways.

1. The first evaluation method
was to interview the MDNR area
fishery managers and Chippewa
natural resource managers who
monitored the Mississippi River
downstream from each project dam.
They found that aquatic life in the
river was stressed during the low
flows, but that in general the aquatic
life in the river survived quite well.
For example, no fish kills were
witnessed as far downstream as the
Twin Cities. Occasional low flows

have been found 1o be beneficial for
some fish species, such as
smallmouth bass. Smallmouth bass
benefit from low flows because of
the increased amount of shallow flow
areas that they seek for spawning.

Angler success was also improved
during the low flows because fish
were easier to find in confined pools.
The American bald eagle, an endan-
gered species, probably also bene-
fited because of increased access to
fish,

2. The routine low flow plan was
also evaluated using a computer
model. The model uses actual river
dimensions, measured at a number of
locations, to estimate how much
living space is available for different
fish and aquatic animal species at
different low flows. Using this
information, it is impossible to
identify the minimum flow needed to
meet the needs for different species
of aquatic life in the river. The
model indicated that the routine low
flow plan is probably adequate.
Additional modeling of the first 50 to
75 miles downstream of the dams
would provide additional and
potentially helpful data. However,
there is no over-riding reason at this
time to change the routine low flow
figures.
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Drought Coordination Matrix

Corps Emergency
Low Flow Plan

L J

L

During a serious low flow event, such as when Missis-
sippi River flows are less than 1000 cfs at Anoka, close
coordination is needed between the involved agencies.
No single agency is “in charge” of all drought contin-
gency actions in Minnesota. Each agency has its own
responsibilities, but cooperation is required to ensure that
all drought problems and solutions are considered.
Unfortunately, there was no formal agency coordination
plan ready to be used by the agencies in 1988. As part of
the current study, such a coordination plan, called the
Agency Drought Coordination Matrix, was developed.
It is shown on the next page.

The Agency Drought Coordination Matrix was
prepared in cooperation with the MDNR, Minnesota De-
partment of Public Safety and the Corps of Engineers.

It was reviewed by other agencies and organizations.
The written matrix summarizes the duties of each agency
during each stage of a drought, as low flows might
decrease from normal to emergency conditions.

In addition to the overall Agency Drought Coordina-
tion Matrix, each individual agency has prepared an
action plan for handling its responsibilities within the
overall coordination plan. In implementing its part of
the coordination matrix, the St. Paul District proposes
1o assign an in-house Drought Team when the
National Weather Service's 30-day forecast indicates
that the river flow at Anoka will drop below 1000 cfs.
This Drought Team would be responsible for coordinat-
ing with other agencies and providing adequate informa-
tion to the St. Paul District Engineer for decision
making.

The District Engineer would consult with the
Chippewa tribal leaders and consider information from
the Drought Team prior to determining specific District
actions other than the routine low flow plan. If the flow
dropped to 750 cfs at Anoka, then the Drought Team
would review the emergency water needs and begin to
formulate alternative ways to meet them, should the
river flow drcp to an emergency level (below 554 cfs).

The District expects that an emergency would exist if
Mississippi River flows at Anoka were predicted to drop
below 554 cfs. It has been determined that 554 cfs is the
minimum discharge needed to provide for commercial
navigation and for minimal health and safety needs
(human drinking water and power generation in the
Minneapolis-St. Paul metropolitan area). The District
would use the routine low flow plan until Mississippi
River flows dropped to the emergency flow of 554 cfs,
measured at the Anoka gage. If the National Weather
Service predicted that the flow in the Mississippi River
at Anoka would drop below 554 cfs within the next 30
days, then the District Engineer would decide how much,
if any, emergency supplemental low flow should be
released from the Headwaters Project. This could mean
additional releases from all or some of the six project
lakes. It would require approximately 14 to 25 days for
these emergency releases to arrive in the Twin Cities.
This decision process includes consultations with the
Chippewa Tribal and Band governments, as well as very
close coordination with the MDNR and the Headwaters
area public, through the Headwaters Board.

Emergency releases from the Headwaters Project
lakes would be contingent upon 3 requirements: (1) the
emergency releases were really needed and would be
effective, (2) the MDNR would first impose proper
restrictions upon water users, in accordance with the
MDNR’s Drought Response Plan; and (3) other dam
operators in the Upper Mississippi River basin would be
asked to contribute to low flows and not significantly
fluctuate releases from their dams.

In an emergency, the District Engineer would con-
sider many different ways to release water from the
project lakes. The Drought Team would determine the
effects of each of these alternative emergency plans on
natural resources of the project area, particularly those
that the Chippewa people depend on.area recreation
industry, and a number of other factors. As emergency
conditions continue, the flows from project lakes may
need to be adjusted every few weeks. When the river
flows returned to normal conditions, above 554 cfs at the
Anoka gage, then the District would return to following
the routine low flow plan.
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The Fairness Issue

A question often asked by Headwaters area residents is:
“Why does the Twin Ciues have to have this water, when
we need it here? The water belongs to us!™ The under-
lving issue seems to be that of taimess. Fairness is a
complex topic. Butitis clear that flows from the
project lakes to the Mississippi River are a shared
resource among all who depend on water from the river
basin. In this case, the point of fairness seems to be that
all people, no matter where they live along the river, use
only as much water as they really need.

Flow shortages tend to focus people’s attention on
how others, particularly those at the “other” end of the
river, are using the resources. Twin Cities residents
cannot understand how dropping the lake levels a foot or
two could interfere with lake use. They say it is obvious
that the water is more valuable in the Twin Cities.
Headwaters area residents think that the amount of water
used in the Twin Ciues is wasteful. They say that the
water is needed more in the Headwaters lakes, so that
residents there can make a living. There is some truth in
both of these perspectives, but there are also some
serious misconceptions. Unfortunately, the mispercep-
tions can become accentuated during flow shortages.

The fairness issue begs that all users of the resources
do what they can to conserve and protect them. Drought
means that conditions are different than normal and that
it is not business as usual. Twin Cities officials must

contnue to be serious about water conservation and
efficient use of existing water supply sources. Twin
Cities residents need continued education about how
their lifestyle affects the resources. Earth Day seems to
have re-initiated awareness in this area. It is expected
that the Metropolitan Council and State Legislature are
charting a course to help meet these needs.

The fairness issue also begs that Headwaters area resi-
dents recognize drought as part of a natural cycle.

Lake levels that are different than “normal” are not
necessarily or always bad for the resources. Yes, fluctu-
ating lake levels mean that resorters and others must
adjust their operations. This is a routine situation for
hundreds of other resorts located on lakes that do not
have dams to help stabilize their levels.

It is likely that lake levels rose and fell as a result of
the natural cycles of wet and dry weather even before the
Headwaters dams were built beginning in the 1880's. Bi-
ologists have learned at other reservoir projects that lake
levels that fluctuate over some multi-year cycle can be
better for the natural resources, in the long run. Joe
Shepherd, the natural resources director (acting) of the
Leech Lake Band of Chippewa Indians, has suggested
that this concept be researched for the Headwaters Project
lakes. The District will pursue this possibility further, in
cooperation with the Leech Lake Band, and possibly
others, contingent upon availability of funding.

Aquifer - a layer of rock beneath the surface of the
earth that has small openings in it that allow the move-
ment and storage of groundwater. Larger aquifiers are
typically given names and are at known depths and
thicknesses and consist of known materials, such as
sandstone. Wells are used to remove water from
aquifers for water supply purposes.

CFS - cubic feet per second; an expression of rate
flow of water, for example: cubic feet of water flowing
out of a dam in one second.

Groundwater - the water that is located below the
earth's surface, normally obtained by pumping from a
well that is constructed down to a specific aquifier.

Inflow - precipitation runoff that, in this usage, flows
into one of the project lakes.

Glosssary of Terms

Lake Elevation - the number of feet that a given lake is
above mean sea level. This gives a measure of how high
lake water levels are compared to the dams and other
points of interest.

Metropolitan Council - Authorized by state and federal
laws to coordinate the planning and development of the
seven-county Metropolitan Area. Plans for highways
and transit, sewers, parks and open space, airports, land
use, atr and water quality, health, housing, aging and
arts.

Pool Band - range of elevations (or stages) of lake
levels for a given purpose. For example, the "summer
band” of pool elevations is the desirable range of
elevations for a particular lake's elevations to remain
within, during the summer months.
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Following the low flows in 1976, the City of St. Paul
modified its water supply system to become less depend-
ent on river flows during flow shortages. However, not
every community in the Twin Cities is fortunate enough
to have both surface and groundwater sources readily
available, as does St. Paul. Most of the other communi-
ties will require water supply planning from a regional
perspective, in order to reduce dependence on the Mis-
sissippi River during flow shortages.

Following the 1988 drought, the Minnesota State
Legislature directed the Metropolitan Council to prepare
short- and long-term water supply plans for the entire
Twin Cities area. In February 1990, the Metropolitan
Council published the short term plan with 22 recommen-
dations about Twin Cities water supply. The Minnesota
State Legislature has already enacted some of the
recommendations. For example, the use of groundwater
for heating and cooling of buildings using “once-
through” design equipment will be phased out by the
year 2010. In 1988, the groundwater used for heating
and cooling in once-through systems could have supplied
the city of St. Paul for over one year!

The Metropolitan Council is currently doing some
of the recommended work. One important task is to
prepare an accounting of water availability in existing
Twin Cities area water sources. This involves estimating
the quantities of uncontaminated water from aquifers and
surface water sources in the Twin Cities area. It also
mvolves the water quality aspects of these sources,
particularly surface water sources during drought periods.

The St. Paul District, Corps of Engineers is currently
working with Metropolitan Council staff to prepare
estimates of future water need in the Twin Cities. The
work is being done using a computer model, called
MAIN, that was developed by the Corps of Engineers

Institute For Water Resources, in Washington D.C.
MAIN has been widely used throughout the Unitcd States
and is considered state of the art

The Metropolitan Council also recommends pursuing
a regionally-planned, locally-operated water supply
system for the Twin Cities area. The recommended
philosophy for the regionally planned system calls for
more efficient use of excess surface supplies rather than
continued unplanned development of groundwater in the
second ring suburbs. This would reserve existing
groundwater sources for future times when surface
water sources might experience shortages or contami-
nation.

The demand for water within the city limits of St.
Paul and Minneapolis is expected to remain about the
same in the future, unless some large new water user,
such as a new industry, moves into the area. Most of the
growth in water demand in the Twin Cities is expected to
continue to occur in the newer suburbs, putting added
pressure on groundwater. Unfortunately, the current
trend of unplanned development of groundwater in
the suburbs is contrary to the recommended philosophy.
Thus, future work will likely focus on changes to the
current water supply infrastructure in the Twin Cities.
Planning is needed to explore the feasibility of intercon-
necting individual municipal supply systems in order to
accommodate the desired shift in water use and provide
emergency back-up capability. Though things are
moving in a positive direction, planning for changes lit.e
these will probably take a numberof years. Solutions will
likely cost tens of millions of dollars, requiring careful
planning and construction. Due to the complexity of the
problem, a timeframe of 10-15 years for actual construc-
tion seems a reasonable estimate.

Second Ring Suburbs - when looking at 2 map of the
greater Twin Cities metropolitan area, the suburbs
appear to have developed in concentric rings around the
center cities of Minneapolis and St. Paul. The older
suburbs, located directly adjacent to and completely
around the two center cities are often referred the "first
ring" of sububrbs. The newer suburbs, located outside
of the first ring suburbs, are often referred to as "second
ring" suburbs.

Surface water - water that is contained in lakes, ponds,
streams, rivers or any other source that is located above
the earth’s surface,

30-day forecast - a prediction from the National
Weather Service about wat conditions will be like in 30
days, based on current conditions and certain assump-
tions about what is expected to occur during the next 30
days. The 30-day forecast is rarely exactly correct, but
usually is close enough to be very useful in planning
how much water would need to be released from the
Headwaters Project.
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Water: a cheap resource no longer

J

Each of us needs to better understand how our
lifestyles affect the natural environment. This
is true, no matter where we live in the Upper
Mississippi River basin. The recent 20 year
anniversary celebration of Earth Day sets a
good example of how we should strive each day
to lessen the negative effects of our lives on the
resources of our earth.

The theme of Earth Day is to “Think glob-
ally and act locally.” We must realize that our
use of water in our individual lives can add up
to remendous negative effects on a global scale.
While we haven’t talked about it much here, our
use of the Mississippi River also affects the lives
of those who use the river downstream from the
Twin Cities.

Cities in the western part of the United States
have already had to very seriously encourage
customers to change their demands for water.
We can expect to have to do the same in the
very near future. Minnesotans used to think that
the state has so much water here that we
couldn’t even begin to waste it all. We should
realize by now; this is not true. The same il-
limitability was thought to be true of the pas-

senger pigeon, which numbered in the millions
in the early part of this century. Water will
never disappear from the face of the earth as
the passenger pigeon has, but the lesson that no
natural resource is a cheap, expendable com-
modity must be learned.

Water plant officials should consider provid-
ing realistic educational programs for water cus-
tomers and developing fee structures that en-
courage individuals to use less water and cause
businesses and industries to invest in water-
efficient equipment. Political ieaaers should not
succumb to pressure to keep water prices
artificially low. Artificially low water prices
in the short-term can mean long-term, some-
times irreversible, damage to the environment.
Perhaps subsidies for start-up costs of water ef-
ficient equipment might pay off in a long-
term decrease in water demand. Individual
water users and businesses should take these
issues to heart and act to reduce their long-term
water demand. As energy was the "crisis” of
the 1970’s, it is becoming more apparent that
water will be the crisis of the next decade or
two, even in "the land of 10,000 lakes".

U.S. Army Corps of Engineers

St. Paul District

1421 US Post Office & Custom House
St. Paul MN 55101-9808

ATTN: PD-PF/NELSON
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OBJECTIVES OF LOW FLOW REVIEW

The drought conditions of 1988 reduced flow in the Mississippi River to
near critical levels. Minnesota Governor Rudy Perpich asked the St. Paul
District, Corps of Engineers, for supplemental releases from the
Mississippi River headwaters reservoirs. The additional releases would
have supplemented the established minimum flow releases to meet downstream
water usage requirements. The supplemental releases were ultimately not
made because of rainfall in August in the Upper Mississippi River Basin;
however, the drought pointed out the need for improvements in the drought
response process and for expanded monitoring of water use, streamflow, and
water quality. The objectives of this low flow review has been to evaluate
the adequacy of the routine low flow plan, establish in-house and
interagency response procedures, and improve the information base that is
needed by the St. Paul District to make informed decisions for low flow
operation of the Mississippi River Headwaters Lakes project. Additional
information would be useful for low flow that affect tribal resources.
This review also identifies emergency conditions under which emergency

releases, in excess of the routine low flow plan, might be considered.
AUTHORITY FOR THIS LOW FLOW REVIEW

This review of the low flow portion of the water control plan for the
Headwaters Lakes Project 1is being conducted as part of the St. Paul
District Engineer’'s routine water control responsibility for the project.
No special Congressional or higher command authority is needed to
accomplish this review. Funding for this work has come from the operations

and maintenance funds for the project.
PROJECT AUTHORIZATTON

Construction of the dams at each of the six Mississippi River headwaters
lakes was authorized by the River and Harbor Acts of June 14, 1880 and
August 2, 1882. In 1888, Congress directed the Secretary of War to
establish regulations governing their operation. General regulations were
first established by the War Department in 1889 and later formally modified
in 1931, 1935, 1936 and 1944. The wording of the original regulations and




rationale for the changes can be found in the 1982 Feasibilitv Report,

Mississippi River Headwaters Lakes in Minnesota, Appendix B, pages B-1 to .
B-20.

The existing project, authorized by the 1899 River and Harbor Act with
later modifications, provided for reconstruction of dams from timber design
to concrete design at Winnibigoshish, Leech, Pokegama, Sandy, and Pine
River Dams, and construction of a concrete dam at Gull Lake. The Corps of

Engineers completed the headwaters reservoirs project, in its present form,
in 1913.

AUTHORIZED PROJECT PURPOSES

The primary purpose of the six headwaters dams constructed between 1881 and
1912 is to provide flow augmentation for Mississippi River navigation at
and below St. Paul, Minnesota. The area surrounding the headwaters lakes
was occupied by the Minnesota Chippewa people when the dams were first
built, and the Chippewa leaders were concerned about the effects of widely
fluctuating lake levels on the wild rice and other resources. Later, other ‘
interests grew concerned with lake regulation as lakeshore development for
recreation and resort purposes and downstream agricultural development
occurred. These concerns have translated to a desire for stable lake

levels for the six project lakes by the project area residents.

The need for water releases from the six lakes for navigation was greatly
reduced after completion of the Mississippi River 9-foot channel project,
during the 1930's. However, for commercial navigation, the Headwaters
project is most needed under low flow conditions. The existing locks and
dams in the Twin Cities area require a flow of 350 cubic feet per second
(cfs) for lockages at St. Anthony Falls, the most sensitive of the locks to
flow. Thus, the commercial navigation purpose remains for the Headwaters
Lakes project, particularly during low flow conditions on the Mississippi

River.

The Secretary o. War issued new regulations during the period 1931-1945 for
regulating the six headwaters lakes, as a result of local interest demands, ’

reduced flow augmentation needs for navigation, and related downstream

]



water needs. The 1936 War Department Regulations and the 1944
modifications to them are still iu effect for the Mississippi River

headwaters lakes.

Although the project was originally authorized only for navigation, the
reservoirs are now also regulated to reduce flood stages in the vicinity of
Aitkin, Minnesota, and to facilitate use of the project area for
recreational purposes and fish and wildlife conservation when it doesn't
interfere with the primary navigation purpose. Relatively stable lake
levels contribute tc recreational use on the laxes, fish and wildlife
production, reduction of shoreline erosion and related protection of
archaeologic sites on shorelines, and wild rice production. The regulated
outflow from the reservoirs, including the low flow tlan reviewed in this
report, contributes to improved water supply, water quality, stream habitat

quality, power generation, and industrial water use.

The House Committee on Rivers and Harbors passed a resolution on June 7,
1945, requesting review of the headwaters lakes water control operation
Several interim studies have been completed in response to that resolution;
the most recent, prior to this low flow review, was completed in 1982.
That study attempted to identify and resolve reservoir related problems.
The report recommended that the reservoirs continue to be regulated
essentially as they had been for all the authorized and recognized purposes
and 1incorporate operation charges for conservation purposes for
Winnibigoshish and Leech Lakes. The report concluded that the existing
regulation plan allows the St. Paul District Engineer flexibility in
responding to the needs of all interests affected by regulation of the
project. The review of the headwaters low flow plan has also been

completed in partial response to that resolution.
WATER CONTROL AUTHORITY FOR THE HEADWATERS PROJECT

The St. Paul District Engineer has complete and independent responsibility
and authority for water control of all six headwaters dams, within specific
constraints established by Congress and higher U.S. Army and Corps of

Engineers Command. This responsibility has been delegated from Congress,




through the Secretary of the Army and the Chief of Engineers, to the St.
Paul District Engineer.

During the 1988 low flow event, the State of Minnesota raised the issue
that it shared water control authority for the six dams because of a 1961
Minnesota statute. See Appendix M. As a result of the 1961 statute, the
Commissioner of Conservation (now known as the Department of Natural
Resources) issued an order on April 19, 1963, that outlined a comprehensive
operational plan for the headwaters reservoirs. A copy of the
Commissioner’'s order is found on pages B-21 to B-43 of the 1982 Mississippi

River Headwaters Lakes in Minnesota Feasibility Study.

In actual practice, the St. Paul District attempts to coordinate lake
operation in conformance with the 1963 Commissioner’s order, whenever
possible. However, the St. Paul District Engineer is also charged with the
responsibility to consider the project’'s effects on other project area
interests that are not necessarily represented by the Minnesota Department
of Natural Resources (MDNR) Commissioner. Thus, in response to the
Congressional authority for the project, the District Engineer may wvary

from the 1963 Commissioner’'s order at any time.

States have wide powers to legislate the use of property within their
borders, except that these powers are restricted by several paramount
Federal powers granted under the Constitution. Civil Works water resource
projects, such as the headwaters dams, are built under Congressional
authorization and are not subject to concurrent authorization by State

agencies, unless specifically provided for by Congress.

In fulfilling his duties, the St. Paul District Engineer will consult with
the State of Minnesota and the Minnesota Chippewa Nation, and other
interested parties, concerning the water control operation of the six

headwaters dams.

The State versus Federal water rights issue is not unique to the headwaters
reservoirs project. It had been and is being raised nationwide by many
States. Thus, the issue often is likely to appear for other projects and

in other States. The issue is confusing to the general public, the media,




and project area residents. Thus, the Drought Management Team must be
prepared to continually provide accurate information concerning the issue,

in accordance with a public information plan.

Public confusion has occurred concerning the state’s role in water control
for the project dams, probably as a result of a combination of things that
have occurred over time, including the 1961 state statute, the 1982 Corps
of Engineers Headwaters Feasibility Report (particularly Appendix D),
federal regulations and events at past public meetings. See Appendix M.
These combined factors have probably contributed to the public
misperception that there were no public officials "in charge" during the
1988 low flows. The District Drought Team Coordinator, or a selected team
member, should be made available for all public meetings and hearings
concerning the project. This includes any public meetings held by the MDNR
or Mississippi Headwaters Board concerning the project. A clear
explanation should be given concerning the District’s water control
decision-making process and the role of Chippewa Treaty Trust in that
process. State officials should provide a description of state interests
and any applicable MDNR regulations. It would probably be most helpful for
general public understanding of the project, to emphasize the cooperative
nature of the multi-agency effort that is underway for the sake of the
resources, rather than emphasize inter-agency differences of opinion over
water rights. If pressed, any interagency issues should be explained
objectively, followed by a re-emphasis of the need for cooperative effort,

particularly during emergencies.
AGREEMENTS CONCERNING HEADWATERS PROJECT PURPOSES AND REGULATIONS

The St. Paul District has no formal agreements with other agencies

regarding the regulation of any of the headwaters lakes.

There is an informal agreement between the St. Paul District and the
Minnesota Department of Natural Resources that, in matters concerning
regulation of the headwaters lakes that affect State interests, issues will
pe decided after consultation with tribal governments, the Minnesota

Department of Natural Resources and other affected parties.




Treaty rights, court rulings, and Federal regulations provide for
protection of Amercian Indians water rights, and impose a trust
responsibility on the Federal Government. The key point to be emphasized
is that the interests of the Americans Indians must be taken into
consideration, with their input to the District Engineer’s decision-making
process. American Indian Bands with interest in the recadwaters area

resources are:

Band Reservoir
Leech Lake Band Chippewa Leech, Winnibigoshish
Mille Lacs Band Chippewa Sandy

Collectively, then Chippewa Bands are represented by the Minnesota Chippewa

Tribe.

As a result of a study conducted by the St. Paul District on the headwaters
project and completed in 1982, an informal agreement was made between the
Leech Lake Chippewa Band the St. Paul District concerning stable pool

levels during wild rice growing seasons in Leech Lake.

There is an informal agreement with the MDNR regarding delay of drawdown of
Pine River reservoir each fall until approximately mid-December to enhance
whitefish spawning in the reservoir. Another informal agreement exists

with the MDNR for water control for walleye stripping.

A drought action plan was prepared with the city of St. Paul during the
1982 Headwaters Feasibility Studies. The plan represents some informal
understanding as to the city’s operations during a drought. Under an
extreme emergency, the city can stop withdrawals from the river for up to
60 days, using reserves, well fields, and storage in a lake system. The
last page of the plan should be modified to clarify the State’s role in
water control for the headwaters lakes, See the Recommendations section of

this report. No agreements exist with the City of Minneapolis.




PROJECT HISTORY AND LOCATION

In 1868, the St. Paul District Engineer, Major Gouverneur K. Warren,
recommended a survey to ascertain "the practicability of forming large
reservoirs on the headwaters of the Mississippi to aid in keeping
navigation at low stages." Warren’s later report of April 30, 1870,
contemplated the construction of 41 reservoirs on the St. Croix, Chippewa,
Wisconsin, and Mississippi Rivers. Further examinations were made during
the 1870's, and the reservoir proposals attracted enough attention that on
June 18, 1878, Congress approved and ordered the examination and survey of

the headwaters of the Mississippi River.

Winnibigoshish, Leech, Pokegama, and Pine River, the first four dams
authorized by Congress, were constructed between 1881 and 1886. With these
four reservoirs in operation, it was determined that not all of the 41
reservoirs of the original plan were needed. A total of six dams were
built on the Mississippi River and its tributaries. Sandy and Gull Dams

were completed in 1895 and 1912, respectively.

Each of these structures is located at the outlet of a natural lake. These
lakes are located in four north-central Minnesota counties: (1) Gull Lake
in Cass and Crow Wing Counties; (2) Pine River Dam in Crow Wing County; (3)
Big Sandy Lake in Aitkin County; (4) Pokegama Lake in Itasca County; (5)
Leech Lake in Cass County; and (6) Lake Winnibigoshish in Itasca and Cass
Counties. See the following general map of the Upper Mississippi River
basin above the Minnesota River and the project map of the headwaters

reservoirs.
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DESCRIPTION OF ORGANIZATIONAL AND INSTITUTIONAL PROBLEMS

IDENTIFICATION CRITERIA FOR LOW FLOWS AND EMERGENCIES

The most difficult institutional problem encountered during a drought is to
identify at what flow should cooperative actions begin. Low flows are
complex because they can affect different water users in very unique ways.
Each agency, community, business or citizen can have a different
perspective concerning when action should be taken, and how much action is
adequate to relieve low flow problems. One group can view a situation as
an emergency, while another group sees the same situation as merely an
inconvenience. Thus, it is helpful to plan in advance for specific flow

conditions that everyone can agree will trigger certain actions.

In 1988, a Mississippi River flow of 1000 cfs at Anoka was identified by
the Governor’s Drought Task Force as a discharge that would trigger
contingency actions. It was assumed cuat when the flow at the Anoka gage
dropped below 1000 cfs for 72 hours, then it was too low for identified
purposes in the Twin Cities area. The trigger flow level had to be assumed
because inadequate information existed at that time to identify exactly the
specific water needs in each part of the river. Since the 1988 low flow
event, agencies have gathered information about water needs for the various
purposes in each reach of the river. The followig paragraphs contain
summaries of the information that has been collected. Also see the

annotated bibliography for a list of recent publications by other agencies.

As a result of the 1988 drought, it was also recognized that more than one
trigger is needed. Moderate low flows call for actions to protect and
manage the aquatic life in the river. Severe low flows may cause an
emergency, such as a shortage of potable water for human health and safety
purposes. Each of these conditions can require very different actions by
agencies and officials. Thus, a multi-step response plan is needed. As
low flows decrease to specific trigger flows, then different actions are
taken to respond. A summary of tha specific stepped responses by the St.

Paul District can be found after the Executive Summary in this report.
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AGENCY COORDINATION

Minnesota has not experienced many low flow events on its rivers such as
occurred in 1988. However, over the years, other serious water resource
problems have kept agencies and officials busy. As a result, detailed
drought contingency plans have not typically been given high priority
except perhaps to identify ways to reduce water demands in a shortage. The
1988 drought increased the priority for drought planning by many agencies

with jurisdiction in Minnesota.

Agencies and officials had developed coordination networks to deal with
floods and other emergencies that occur more frequently, but no similar
network formally existed for drought emergencies. Thus, it was recognized
that an agency coordination plan was needed to deal with the unique
technical problems and public information needs that are encountered during

a drought.

During the 1988 drought, meetings were held which involved a large number
of public agencies, groups, and officials, including the St. Paul District.
Of particular interest were a number of Drought Task Force meetings that
were coordinated and led by the MDNR. The Task Force attendees willingly
shared available information. Most early coordination efforts focused on

determining the status of the developing dry conditions.

The group identified actions that might be taken to reduce water
consumption and alleviate adverse instream environmental effects. The
following table and figure shows the MDNR's suspension of water allocations
in the Mississippi River basin upstream from the Minneapolis-St. Paul

Metropolitan area.
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LIST OF RIVERS WITH APPROPRIATION SUSPENSIONS IN 1988

Other
Agricultural Irrigation Permits Golf Course Irrigation Permits Appropriation Total
Number Total 1987 Number Total 1987 Number Authorized
Suspension of Acres Reported of Acres Reported of Pumping
River Date Permits Authorized Acreage Permits Authorized Acreage Permits Capacity
Upper Mississippi River Watershed
Elk 6/22/88 20 1480 8N -- .- -- .- 10,950 gpm
(24.3 cfs)
Rum & Trib. 6/29/88 8 580 176 4 213 93 1 5,950 gpm
REINSTATED 8/18/88 (13.2 cfs)
Sauk & Trib., 7/8/88 16 963 566 2 105 25 -- 8,850 gpm
(19.67 cfs)
Long Prairie 7/12/88 27 2425 1085 2 67 42 1 21,835 gpm
& Tributaries (48.52 cfs)
Crow Wing & 7/22/88 30 2134.5 640 1 26 26 2 17,430 gpm
Tributaries (38.73 cfs)
REINSTATED 8/17/88
Crow River & 8/1/88 13 839 418 3 98 88 2 9,030 gpm .
Tributaries (20.07 cfs)
In 1988, a lack of information prevented the Task Force and individual
agencies from an exhaustive evaluation of all alternative actions to

supplement flows. As a result, discussions quickly focused on the

Headwaters Project 1lakes. During future low flows on the Mississippi

River, other lakes in the Headwaters area, such as Cass Lake and Lake
Bemidji should also be considered as sources of supplemental low flow.
The effects of the drought should not be concentrated in one area to
diminish the effects in another, Further, coordination will be needed
with the main stem dam owners from Grand Rapids to the Coon Rapids Dam to
help minimize flow fluctuations that can result from daily operation of

those dams.

The 1988 low flow on the Mississippi River emphasized the need for a more
definite interagency coordination procedure. This may also apply to other
basins in Minnesota, such as the Red River of the North or Minnesota River.

Also needed are more specific triggering mechanisms for the procedure.
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This should provide for earlier discussions about alternative low flow
contingency actions and improved public information. Thus, it is
recommended that the low flow plan for the Mississippi River Headwaters

Lakes include an agency coordination procedure, described in Appendix D.

PUBLIC INFORMATION

As a result of other problems experienced during the low flow event, the
District team members were afforded little time to consider public
information needs. A number of public information meetings were held in the
headwaters area in conjunction with Congressional, State, and agency
representatives. A few media requests were handled by District team
members, but the media‘'s primary focus was on the perspectives of State
officials and the reactions of headwaters area interests. District
representatives were reluctant to publicly discuss the low flow problems
because of a lack of information. As a result, the public became confused
about which agency has water control authority for the headwaters project.
A number of other public misperceptions or misstatements were also not
responded to by the District. Thus, this low flow review has included
preparation of a draft public information plan. The public information
plan needs to be linked to the triggers of the agency coordination
procedure so that the public can be informed about current project
conditions and about actions that the District and other agencies might be
taking to help. See Appendix D which includes the draft Public Information

Plan and interagency coordination network.
IN-HOUSE DROUGHT MANAGEMENT ORGANIZATION

In 1988, no comprehensive in-house organization existed at the St. Paul
District specifically for management of drought. A number of District
offices have responsibilities for various aspects of a drought event, but
no specific plan exists to trigger District-wide coordination of drought
emergency duties. Emergency management teams do exist for other purposes,
particularly for flood emergencies. It was proposed that an organization
similar to the flood fight organization be planned for low flow
emergencies. This in-house organization should also be responsible to help

implement and participate in the Agency Drought Coordination Matrix.
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The in-house drought management plan must specify who would be involved,
each person’'s duties, and set out clearly defined triggers for their
involvement. The plan should also describe how thay would coordinate their
efforts to provide timely information for decision-making by District
executives. As a result of the 1988 drought and the problems that were
experienced, an in-house drought management team has been designated. See

Appendix D.
NONCONSUMPTIVE WATER USE AND INSTREAM FLOW NEEDS
9-FOOT COMMERCIAL NAVIGATION PROJECT

The commercial navigation locks on the Mississippi River require a certain
amount of river flow to operate. The lock does not consume the water, but
water is passed from upstream of the dam to downstream each time that a
lock is operated through a complete cycle. Upstream water is used to fill
each lock every time a barge goes through. The amount of flow needed for
each lock to operate depends on how big the lock chamber is and how often

it has to be operated to satisfy the barge traffic.

The Upper St. Anthony Falls (USAF) lock, located in Minneapolis, requires
the largest volume of water for a single lockage. If the lock were to
cycle continuously, as fast as safely possible, it would require about 700
cfs to operate. Fortunately, the USAF lock also has the least traffic of
all the locks. Thus, it is estimated that about 350 cfs would provide
adequate operation to handle current commercial navigational traffic.
However, recreational boat lockages would have to be severely restricted or

suspended in order to satisfy commercial navigation demand with 350 cfs.

A question arose in 1988 whether operation of the USAF lock would lower the
pool level enough to expose the Minneapolis water intake. If the intake
were to be exposed, it would not be able to draw water into the systenm,
effectively stopping the inflow of water to the Minneapolis water supply
system. The City of Minneapolis water intake is located on the river
bottom, approximately 5 miles upstream from the USAF lock. The District

conducted a hydraulic evaluation that indicates that the effects of
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operation of the lock will travel up the river approximately 1 mile. Thus,
the operation of the USAF lock is not expected to affect the level of water
over the Minneapolis water intake. In 1988, city employees reported that
the intake was dangerously close to being exposed. There may be some
explanation for this other than operation of the St. Anthony Falls Locks.
It is possible that operation of upstream dams may have caused a temporary

shortage of flow and a resulting drop in water levels.

In 1988, another question arose whether the same river flow could be used
to satisfy navigation and municipal water supplies, because the locks don't
actually consume water. This is not possible because the water intakes for
both the Minneapolis and St. Paul city systems are located upstream from
the navigation system. The water required for municipal water supplies is
removed from the river before it reaches the navigation locks. Thus,
enough water must pass the city water intakes to operate the downstream
locks.

In response to concerns about dissolved oxygen concentrations in the
Mississippi River in 1988, the District provided small openings in gates
and stop logs at St. Anthony Falls and locks and dams 1, 2, and 3 to
provide some aeration. Aeration by this means is locally beneficial to
aquatic life, but the overall effects on the dissolved oxygen levels in the
river are minor. This technique might be used as long as higher priority

demands are being met down to perhaps 750 cfs.
HYDROELECTRIC GENERATION PLANTS

Hydropower generating plants operate at lock and dam 2 at Hastings, lock
and dam 1 at St. Paul, St. Anthony Falls at Minneapolis, St. Cloud Danm,
Blanchard Dam near Royalton, Minnesota Power and Light at Cohassett,
Sartell Dam, Little Falls Dam, and Grand Rapids, Minnesota. The hydropower
plants make use of whatever flow is available to generate electricity. The
amount of power generated is dependent on the amount of available flow.
Extreme low flows would significantly 1limit or prevent hydropower
production. The hydropower plants generate a relatively small amount of
the power used in the area, but nonetheless are important generators of

electricity from a renewable resource.
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The hydropower dams are all generally operated as run-of-river, where
inflow equals outflow, because of the need to maintain stable pool
elevations upstream of the dams. However, the hydropower operators are
allowed to fluctuate the upstream pools within specific restrictions.
Under normal flow conditions, the restricted fluctuations generally do not
cause significant percent changes in river discharge or problems for
consumptive users or nonconsumptive users. Under low flow conditions,
fluctuations of discharge from the hydropower dams can cause problems for
downstream users, In Appendix C, river flow profile plots for July 28,
1988 and August 1, 1988 demonstrate how much flow fluctuations can be
caused by the main stem dams in only 3 days. Further, uncoordinated
operation of a number of the dams upstream of the Twin Cities has resulted
in short-term decreases in river discharge during extreme low flow
conditions, which exacerbate low flow problems and could conceivably
uncover intake pipes for municipal supplies, electrical power generating

plants, and other industrial users.

Further coordination is needed with the main stem and tributary dam owners.
The MDNR the and the St. Paul District Drought team should coordinate with
these dam owners according to the stepped - response plan in order to

minimize temporary downstream flow shortages.
COOLING WATER AND THERMAL WASTE ASSIMILATION

A number of thermoelectric generating plants and industries make use of the
Mississippi River for cooling steam condensors and machinery. The
thermoelectric plants are of most concern because of their widespread
effects on human health and safety and because they typically require
significantly larger volumes of cooling water. The Northern States Power
Company (NSP) Sherco and Monticello thermoelectric plants are located in
freeflowing river reaches and require a river flow between about 200 and
250 cfs just to keep their intake pipes covered with water. More specific

information is contained in Appendix I - Power Generation.

Thermoelectric plants also consume small percentages of the total volumes

of cooling water withdrawn from the river. Makeup water is needed to
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replace cooling water lost by evaporation. The exact consumption figures

are contained in Appendix C - Consumptive Use Accounting.

The Minnesota Pollution Control Agency (MPCA) regulates the discharge of
heated water back to the river by a permit system. The major thermal
discharge on the river is at the NSP Monticello generating plant. The
other thermal discharges are relatively minor in flow rate and size of the
thermal mixing zones in the river. The Monticello plant has the capability
for partial recirculation of its cooling water, but must cut back power
production during periods of high water temperature, poor water quality and
low flow. In 1988, the MPCA agreed to ease the thermal permit
restrictions for the Monticello plant. However, NSP elected to stay within
the permit limits and accept the consequential derates of up to 30 percent

(165 megawatts) and purchase replacement power.

The NSP Sherco generating plant near Becker, Minnesota, is designed so that
it must operate in a closed cycle... (total recirculating) mode all of the
time. The Sherco plant requires a small amount of makeup water (Appendices
C and I). Both Sherco and Monticello plants require a river flow of about

250 cfs just tec cover their water intakes.

The MDNR regulates the cooling water withdrawals from the river with an
allocation permit system. See Apppendix M. The Monticello plant is
allowed to appropriate up to 645 cfs, but cannot withdraw more than 75
percent of the river flow. When river flows drop below 860 cfs, then the
plant must recirculate a portion of the cooling tower discharge water to
the condenser when the plant is at full load and appropriating water at the
maximum rate. Power production may also need to be reduced in response to

this regulatory constraint.

The 1989 Minnesota legislature changed the water use priority system,
elevating power production to a number one priority along with municipal

water supplies if they have a contingency plan.

Most of the power purchased by NSP because of low flow and high riverwater

temperature conditions that caused a cutback in power production at the
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Monticello plant in 1988 came from the Midcontinent Area Power Pool (MAPP)
and cost each residential customer an additional $0.07 to $0.09 per week.
NSP consciously took this contingency action to slightly increase charges
to customers rather than further contribute to difficult environmental
conditions in the river. Appendix I contains a letter from NSP to
Congressman James Oberstar, dated July 26, 1988, that explains the basis
for the decision. However, it is conceivable that the MAPP system might
not have surplus power available during some future nationwide drought or
there may be technical difficulties in the MAPP transmission system. Under
those potential conditions, more drastic contingency actions would be
needed, possibly including public requests by utilities and State officials
for electricity conser -ration or use of MPCA and MDNR sanctioned variations
from regulatory constraints. A more detailed discussion of NSP's

contingency planning can be found on page 46.

MAPP’'s generation surplus status is critical information during low flow
conditions on the Mississippi River. The MAPP Environmental Committee
should be invited to coordinate status information. NSP holds daily
strategy meetings to determine how they will meet daily peaks, including
whether to purhcase power from MAPP, A roster of MAPP EZnvironmental

Committee members, revised as of March 1988, is contained in Appendix I.
WASTE ASSIMILATION

There are a number of municipal and industrial waste discharges to the
Mississippi River, all of which are regulated under a permit system by the
MPCA. Permits are conditioned tc limit discharges of wastes to rates that
can be assimilated readily by the river down to the 7-day 10-year low flow.
When river discharge falls below the 7Ql0 level, the ability of the river
to assimilate wastes can be overtaxed, and water quality conditions in the

river can deteriorate.

Municipal waste treatment along the Mississippi River has improved
considerably to the point where now discharges rarely result in violations
of stream water quality standards. Most of the waste effluents on the
river produce only minor sags in dissolved oxygen downstream due to oxygen-

demanding wastes, even during low-flow conditions. However, effluents from
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three wastewater treatments plants and nonpoint agricultural sources in _he
Minnesota River can cause violations of stream water quality standards and
can strain water quality conditions in the Mississippi River downstream of

the confluence of the two rivers.

The Metropolitan Waste Water Treatment Plant serves most of the Twin Cities
area. Its discharge of about 330 cfs constitutes a significant portion of
total river discharge in lower pool 2 during low flow conditions.
Treatment plant effluent quality, along with an algae bloom in pool 2, has
allowed dissolved oxygen concentrations to remain high enough to support
aquatic life in pool 2 during the 1988 low flow period, according to MPCA
monitoring and Commission monitoring information. See Appendix J for

further technical information.
WATER QUALITY IN THE MISSISSIPPI RIVER

Water quality conditions in the Mississippi River are strained by extreme
low flows, continued waste discharges, and high water temperatures. Low
discharges coupled with sufficient plant nutrients, low flushing rates in
pooled portions of the river, and high water temperatures allow the
development of dense blue-green algae blooms. The algae further modify
water quality through day and night cycles of photosynthesis and
respiration. A number of factors, such as high temperature, restricted
habitat, overcrowding, increased unionized ammonia concentrations, algae
toxins, high water temperature and fluctuations in dissolved oxygen
concentration, can combine to impose great stress on fish and other forms
of aquatic life. Stressed fish have reduced resistance to disease and can
succumb to various pathogens and parasites. However, no significant fish

kills were reported during the 1988 low flow event. See Appendix J.

Habitat for Aquatic Life

The amount and quality of river habitat are greatly affected by river
discharge. As discharge falls, volume of available habitat is greatly
reduced and habitat conditions change. Stream temperature increases as the
river becomes shallower. Fish become overcrowded by reduced volume of

habitat in the river and by influx of other fish from shrinking tributary
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streams. Predation and angling pressure can become intense. Habitat
conditions needed for early life stages of fish can actually improve during
low flows. Some species, such as smallmouth bass, have improved
recruitment during years with low flow. Extreme low summer flows in the

Mississippi River are naturally occurring events to which most life in the

river has adapted.

In the upper reaches of the river, stands of wild rice become inaccessible
for harvest as river stage falls. Low river stages dewater backwater areas
and riverine wetlands. Low water levels during the growing season have the
positive effect of permitting germination of emergent aquatic plants and
rejuvenation of wetland vegetation in succeeding years. See appendix E for

further technical information on instream flow considerations.

Endangered Species

Low river flows tend to concentrate fish, increasing foraging opportunities
for bald eagles. Low flows and related project operations have no other

significant effects on endangered species.
Recreation

Water contact recreation, fishing access, and boating access are limited by
reduced water quality and water depth as river discharge falls. Boat
landings on free-flowing reaches of the river become unusable. Figures for
economic loss of public use of the river would require considerable time
and expense to determine. Thus, these economic losses were not estimated
for 1988, and no information was gathered for future low flow situations.
However, information about recreation benefits of the Mississippi River
near the projects, within approximately 50 miles of the dams, would be

helpful. It is recommended that the District consider obtaining more

information, within study funding constraints.
It is assumed that some reduced base level amount of public use of the

river would continue using the minimum instream flows that are available to

the other higher priority uses in, and downstream on, the river.
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In general, anglers reported good fishing during the 1988 low flow event
because fish were concentrated. Future angling should benefit from a
strong class-year of smallmouth bass recruitment as a result of the low
flow event. Other fish species may be more difficult for anglers to catch
during the next few years, until succeeding year classes of those species

are recruited to the fishery.
NEEDS FOR WATER IN THE HEADWATERS LAKES

The headwaters lakes have limited inflows and increased evaporation during
droughts, which can result in lake levels below the normal summer operating
band. Essentially all uses of headwaters lakes water are nonconsumptive,

where the demand is met by water remaining in the lake.

Recreation

The headwaters lakes support a major resort industry, thousands of private
recreational cabins, and nationally renowned sport fisheries. Water levels
in the lakes are important for aesthetic appeal, for the fisheries, and
especially for small-boat access to docks and boat landings and through
channels to other lakes and bays. Because recreational development on each
lake has occurred in response to relatively stable summer water levels, any
significant fluctuations in lake stage can cause considerable disruption of
boating and associated recreational uses. However, overly stable 1lake

levels may be counterproductive for some resources.

Chippewa Trust Resources

An 1855 treaty, later modified several times, reserved land, with
associated natural resources, for the Chippewa people in the Headwaters
lakes area. The treaty reserved specific lands from being ceded by the
American Indians to the U.S. Government for purposes of providing
homesteads for the Chippewa people. The reservations included the land,
water and related resources necessary to fulfill the purpose of the
reservation, that is to provide a moderate living standard for the Chippewa
people. Resources that are important to the Mille Lacs and Leech Lake

Bands are the lakes themselves and include fish and game, wild rice, and
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bait fish. However, that list is not inclusive because both bands harvest
many other resources associated with the Headwaters Project Lakes. The

legal trust relationship predates the Headwaters Lakes project and the

existence of Minnesota as a state.

The Winter'’s Doctrine, first formulated in Winters vs. United Statesg, 207

U.S. 565 (1908) stands for the proposition that a reservation of lands for
a homeland for an Indian Tribe implicitly reserved water necessary to
fulfill the purpose of the reservation. Quantification of the amount of
water needed and determination of the time during which it is needed is
somewhat difficult and does not readily lend itself to exactness. However,
through use of data which is being developed and with close consultation
with and cooperation of the Tribal govermments and representatives of the
Bureau of Indian Affairs it is believed that in most, if not all cases, any
supplemental releases can be executed in a manner to avoid interference

with Tribal rights.

As stated in Cherokee Nation vs. Georgia, 30 U.S. (5 Pet)l, 8L.Ed.25
(1831), a unique relationship exists between the United States Government
and federally recognized Indian tribes. Generally, the relationship
imposes strict fiduciary standards of conduct on federal executive agencies
in their dealings with Tribal governments. The United States District
Court in Leech Lake Band_vs. Herbst, 334 F. Supp 1001 found that the

Minnesota Chippewa continue to hold aboriginal fishing, hunting and wild
rice harvesting rights, that their rights were preserved by treaty,
creating a guardian and ward relationship with the U.S. Government, and
that the Treaty Trust rights had not been aborgated. The Corps of
Engineers, as an Agency of the Federal Govermment is a party to such
relationships and shall, to the best of its ability, strive to fulfill such
obligations.

It should be noted, at this juncture, that the Tribes treaty rights with
respect to the water are not paramount to the rights of the United States

Government to the use of the water in aid of navigation.

The Treaty of 1837 contains provisions that also allow the tribes to hunt,

fish and gather off-reservation. These provisions are for an area that
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includes the Mississippi River along a significant reach between the
project dams and the Twin Cities. The water control of the Headwaters
Lakes project influences the prodrctivity of the Mississippi River in this
area, particularly within the first 50 to 75 miles downstream from each
dam. The extent of project affects on the natural resources that the
Treaty provides is discussed with the instream flows discussion in this
report. The existing routine low flow plan appears to provide adequate

flows for the riverine environment that contains these natural resources.

Thus, in controlling the Headwaters project dams, the District Engineer
must consider the effects of water control decisions on these Treaty Trust

resources, but navigation purpose is the highest priority.
Fisheries

All of the headwaters lakes support popular sport fisheries as well as
species used for subsistence by the Chippewa people. Summer water levels
affect availability of habitat for fish, especially shallow areas with
aquatic plants that provide habitat for young-of-year fish. Lake stages
may influence water quality (dissolved oxygen, temperature) to some extent,
and the volume of suitable habitat available for fish. Water levels also
affect the fishery through restrictions on boating access, as described

above.

The Leech Lake and Mille Lacs Bands of the Minnesota Chippewa Tribe also
commercially fish for whitefish and tullibee in Leech Lake and, Lake
Winnibigoshish. Water levels on these lakes affect the production of these
fisheries. Baitfish harvest is very sensitive to lake stage due to the
behavior of the shiners, which concentrate in tributary embayments, and
because of the depth restrictions imposed by the seining method of harvest.
See Appendix L.

wild Rice

The Chippewa people and many non-Indians harvest wild rice in the
headwaters lakes. Wild rice is a protected plant under Minnesota Statutes

and is regionally important as a source of income and subsistence. The
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extensive wild rice stands on Leech Lake and Lake Winnibigoshish are
reserved for harvest by the Leech Lake Band. Rice beds on Sandy Lake are
karvested by th: Mille Lacs Band and others. Cther wild rice beds are
located downstream from the project dams, such as, at Mud Lake and thus are
also affected by project low flow operation. Lake stages affect wild rice
in late summer by affecting boating access into the rice beds for harvest
and by influencing the amount of wind blowdown, or lodging of plant stalks.
If lake stages are too low to allow access into the rice beds by canoe, the
wild rice cannot be harvested by the traditional method. The wild rice
stands on the three lakes mentioned above are an economically and

culturally significant resource for the Chippewa people. See Appendix L.
Wildlife

Lake stages affect fish-eating birds, waterfowl, and furbearers by
influencing availability of food and denning and nesting conditions

Lower lake stages in late summer can positively affect fish-eating birds
such as herons, osprey, and bald eagles by increasing the extent of shallow
areas for foraging. Waterfowl can also benefit from slightly lower lake
stages by increased availability of submerged aquatic plants. Furbearers,
on the other hand, are negatively affected by lower lake stages because of
drying out of their normal shallow habitat and stranding of dens. See

Appendix L.
Wate ualit

Water quality in all the headwaters lakes is good and generally is not
significantly affected by lake stage. Low lake stages during late summer
may drive the thermocline in some lakes or subbasins downward, possibly
restricting the volume of habitat available for thermally sensitive species

such as whitefish and tulibees. See Appendix L.

S osion

The shoreline of the Headwaters project lakes are subject to significant
erosion at high lake levels. For example, at Winnibigoshish, high lake

levels have eroded shores and caused damage to American Indian burial sites
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and to lakeshore cabins and homes. Shoreline erosion also moves sediment
onto fish spawning areas, covering the more ideal spawning substrate
material The covering of extensive areas of rocky lake bLottom in Lake
Winnibigoshish may be significantly reducing the productivity of the lake.
A multi-agency group, lead by the U.S. Forest Service is seeking solutions
to reduce shoreline erosion and related damages. Higher lake levels should
be avoided in project lakes. Extended periods of low lake levels could
erode normally inundated cultural resources sites. Minimizing lakeshore

erosion is a recognized purpose under the "general public good" catagory.

Flood Control

The Headwaters Lakes Project also provides flood control benefit for the
city of Aitkin. The lakes’ levels are lower during the fall and winter in
anticipation of spring snowmelt runoff. The spring run-off helps fill the
lakes back to within the normal summer band of elevations. Flood control

is a recognized project purpose under the "general public good" catagory.

Surplus Storage of Project Waters For Water Supply Purposes

The question arose during 1988 whether it would be useful to store more
than usual volumes of water in the project lakes in order to have more
water available for later release. This practice would conflict with the
flood control operation of the 1lakes. It may also interfere with
production of Tribal Trust resources, such as wild rice. If the lakes
were intentionally held unusually high when a heavy rainfall occurred in
the lake basins, then the lakes would rise to levels that could cause

flooding and shoreline erosion damages.

One practice that is helpful during a dry winter is to not completely empty
the routine flood control storage volume until an adequate snow pack is
received in the lake basins to refill the flood control volume. This
increases the chances that the levels of the lakes will return to at least

the minimum summer elevations.

25




Consumptive Water Uses

To determine the low flow conditions of the Mississippi River, it is
neccesary tc consider the consumptive uses of water from the river.
Consumptive uses are those for which water is withdrawn from the river, but

not all is returned.

Consumptive uses of Mississippi River water include municipal and
industrial supplies, irrigation, and industrial cooling such as evaporation
from steam-electric generation. Consumptive use accounting considers these
losses, as well as inputs (tributaries, groundwater, wastewater treatment
outfalls) and returns (cooling .ater not lost to evaporation) to the

river. Appendix C contains an approximate accounting, by reach, for July
27, 1988 to August 1, 1988.

This type of water use accounting is needed to determine whether a
particular need might not be met. Before any emergency supplemental low
flows might be discharged from the headwaters lakes project, a similar
evaluation would be completed to verify that certain needs are not expected
to be met. Further, because of the project authorization and Tribal Trust
responsibility, it is not likely that emergency rcleases could be made to
meet expected shortages of any of the consumptive uses, except those for
human health and safety, such as human water supply. This is currently
estimated to be 554 cfs (202 cfs water supply, 350 cfs navigation, 2 cfs

NSP), measured at the Anoka gage.

In completing a future consumptive use accounting, the actual rate of water
withdrawal for the various water uses along the river would need to be
verified at that time. Appendix C contains a directory of the current
major water users. The MDNR Water Allocation Unit should have the most
current information when a consumptive use accounting is next needed. The

unit would be requested to cooperate in the evaluation.

26




CORPS OF ENGINEERS WATER SUPPLY POLICIES

INTRODUCTION

The following policy information may change before the next serious low
flow condition might occur on the Mississippi River. However, it is useful
to summarize current water supply policies that apply to the conceptual use
of the headwaters lakes project fcr water supply purposes and those

concerning emergency management capabilities of the Corps of Engineers.

EMERGENCY WATER SUPPLY

Public Law 84-99, as amended by Section 82 of Public Law 93-251, provides
the Chief of Engineers with discretionary authority to provide emergency
supplies of clean water, on such terms as he determines to be advisable, to
any locality which he finds confronted with a shortage or contaminated
water causing or likely to cause a substantial threat to the public health
and welfare of the inhabitants of the locality. Work under this auth rity
requires a request from the Governor of the State where the source of water
has become unavailable or contaminated, and the work is normally limited to
30 days. This authority was used to supply Duluth, Minnesota, when it was
found that Lake Superior water contained asbestos-like fibers. The
authority does not extend to construction of permanent replacement water

source or supply systems.

Public Law 95-51 further amended Public Law 84-99 to provide the Secretary
of the Army authority under certain statutory conditions to construct wells
and to transport water to farmers, ranchers, and political subdivisions
that have provided a written request from within areas that the Chief of
Engineers determines to be drought distressed. Corps assistance will be
considered only when non-Federal interests have exhausted reasonable means
for securing necessary water supplies, within the limits of their financial
capability, including assistance from other Federal agencies, such as small
business loans. Federally-owned equipment such as National Guard
watertanks must be used to the maximum extent possible. Assistance can be
provided to transport water for human and livestock consumption. The cost

of transporting water is provided by the Corps; however, cost of purchasing
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water is a non-Federal responsibility. In addition, assistance can be
provided to construct wells, but Federal costs for well construction must

ke repaid.
PLANNING FOR MUNICIPAL OR INDUSTRIAL WATER SUPPLY

National water supply policy, defined by Congress, has been developed over
a number of years and is still being clarified and expanded by legislation.
This policy, as most recently articulated by Congress in the 1958 Water
Supply Act (Title III of Public Law 85-500), recognizes a significant
Federal interest in the long-range management of supplies, but assigns the
financial burden to the users. Generally, planning and implementation of
water supplies are a non-Federal responsibility, but the Corps of Engineers
can provide planning and design services for single-purpose water supply
projects at 100-percent non-Federal reimbursement. Water supply can also
be included as a purpose of a new reservoir project. Section 22 of the
Water Resources Development Act of 1974 provides limited Federal funding

for planning assistance by the Corps of Engineers for the States.
EXISTING LOW FLOW PLAN FOR HEADWATERS LAKES

The existing water control plan for the headwaters lakes project contains a
number of considerations for low flow operation of the project, including
navigation, Tribal Trust resources, and an informal agreement with the
Minnesota Department of Natural Resources for desirable low flow releases
for downstream general public good purposes. The following paragraphs
under (l1.) summarize the existing water control considerations for
commercial navigation and have been taken from 33 CFR 207.340(d). Chippewa
Tribal representatives have suggested that the following Sections also
define "surplus waters" as those not needed to sustain Tribal trust
resources. However, that concept was not contained in the codified wording

and thus can not be modified in this report, merely based on comment.

1. Authority of Officer in Charge of the Reservoirs. The accumulation of

water in, and discharge of water from, the reservoirs, including that from

one reservolr to another, shall be under the direction of the U.S. District
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Engineer, St. Paul, Minnesota, and of his authorized agents subject to the

following restrictions and considerations:

a. Notwithstanding any other provision of these regulations, the
discharge from any reservoir may be varied at any time as required to
permit inspection or, of repairs to, the dams, dikes or their
appurtenances, or to prevent damage to lands or structures above or below

the dams.

b. Except as provided in subparagraph 1(a) above, the average annual
discharge from the respective reservoirs shall not be reduced below the

following values, as nearly as they can practically be maintained.

Winnibigoshish 150 cubic feet per second
Leech 70 " " " "
Pokegama 200 " " " "
Sandy 80 n " " "
Pine River 90 " " " "
Gull 30 " " " "
c. During the season of navigation on the Upper Mississippi River,

the volume of w. =or discharged from the reservoirs shall be so regulated by
the officer in charge as to maintain as nearly as practicable, until
navigation closes, a sufficient stage of water in the navigable reaches of
the Upper Mississippl River and in those of any tributary thereto that may
be navigated and on which a reservoir is located. Extreme low flow
conditions may require shortened hours of lock operation or other similar

adjustments by the District Engineer.
d. Surplus waters in storage above the stages listed in paragraph
1(g), not required for use in the aid of navigation, as provided for in

subparagraph 1(c) above, may be discharged at such time and at such rates
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as will result, in the judgment of the District Engineer, in the greatest

general benefit or the minimum of injuries to al. affected interests.

e. No discharge other than the minimum specified in subparagraph
1(b) shall be permitted when a reservoir is at or below its minimum stage
as set forth in subparagraph 1(g), except such increased discharge as may
specifically be directed by the Chief of Engineers. The low flow agreement
with the MDNR reflects this restriction by stepping the target low flows

down until they are zero at these protected lake elevations.

f. The surplus inflow over the minimum discharge set forth in
subparagraph 1(b) shall be stored until the limit of capacity or safety of
the reservoir is reached, or until such time as water may be discharged in

accordance with these regulations.

g. So far as practicable, under the requirements of these
regulations, the officer in charge will cause the reservoirs to be
maintained above the following minimum elevations, referred to zeros of
respective Government gages:

Elevation in feet above

Reservoirs M.S.L. (1929 Adj)
Winnibigoshish 1294.94
Leech 1292.70
Pokegama 1270.42
Sandy 1214.31
Pine River 1225.32
Gull 1192.75

The range of fluctuations in levels in any reservoir in a single calendar
year shall be held at a minimum consistent with the requirements of these

regulations and with the inflow of that year.
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2. ction of the Wate esources Development Act o 988 (WRDA 88).
WRDA 88 requires that Congress be notified at least 14 days before project

lake levels drop below specific elevations. See Appendix G.

3. Treat Trust Relationship with The Minnesota Chippewa.

4. Low Flow Agreement with MDNR. 1In addition to the Federal law just
described, the St. Paul District has an informal agreement with the
Minnesota Department of Natural Resources to make minimum flow releases for
fish and wildlife and other general public good purposes during routine low
flow periods. This informal agreement is based upon MDNR recommendations
and defines the minimum daily releases to be made when the respective
reservoir drops below an initial trigger elevation. If the reservoir level
continues to drop, the minimum release will be cut in half once the level
drops below a second lower trigger elevation. This release schedule is
summarized in table 1. It should be noted that it has not been necessary to
implement the reductions in release due to low lake levels called for in
the agreement with the Minnesota Department of Natural Resources. In the
future, drought coordination and planning activities may result in a very
different drought operation strategy for the Headwaters dams than is
contained in the existing agreement. The District Engineer has the
authority to modify the low flow plan with proper NEPA coordination. It
should also be noted here that the MDNR recommendations regarding minimum
daily reservoir releases are followed to the extent that they do not
conflict with the Federal requirements for minimum average annual
discharges from the headwaters reservoirs. In most years, the volume of

the spring snowmelt runoff is sufficient to meet the Federal requirement.
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Table 1 - Headwaters Lakes Low Flow Agreement With MDNR .

Minimum 1/2 Minimum
Daily Daily
Release Release
Minimum Trigger 1 1/2 Minimum Trigger
Reservoir Daily Release Elevation( ) Daily Release Elevation (2)
(cfs) (cfs)
Winnibigoshish 100 1297.94 50 1294.94
Leech 100 1294.50 50 1292.70
Pokegama (3) 1273.17 (3) 1270.42
Sandy 20 1216.06 10 1214.31
Pine 30 1229.07 15 1225.32
Gull 20 1193.75 10 1192.75

(1) Bottom of desirable summer range.
(2) Bottom of extreme regulation limit.

(3) Pokegama releases are limited to the sum of the discharges from .

Winnibigoshish and Leech Lakes.
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PLAN FORMULATION PROCESS FOR SUPPLEMENTAL LOW FLOWS

INTRODUCTION

One of the conclusions of this report is that the available information
indicates no overriding technical reason to permanently increase the
specific discharge figure of the existing low flow plan. The plan
apparently served reasonably well during low flow conditions in 1977 and
1988. However, it is prudent to consider that more difficult low flow

conditions might occur in the future.

Of concern is the possibility that flow conditions lower than those in 1977
or 1988 might endanger human health and safety, such as insufficient
potable water or electrical network brownouts (see Appendix I). Another
concern is the possible adverse effects that extreme low flows might have
on commercial navigation on the Mississippi River. In order to properly
prepare for these concerns, the District must have a process to formulate

and evaluate alternative plans for releasing emergency supplemental flows.
PLAN FORMULATION PROCESS

This report section is intended to emphasize the process that the District
would use to identify the best method of making emergency supplemental low
flow discharges from the project lakes. Because of the wide variations of
physical conditions that enter the real-world decision-making process, the
reader should not assume that any of the illustrative examples contained in
this report are preselected for some future low flow event. In fact, it is
likely that none of these examples would occur exactly as described because

of the large number of variables to be considered.
PLANNING CONSTRAINTS

Many planning constraints limit the range of feasible methods of making
emergency supplemental discharges from the project lakes. Constraints
include, but are not limited to: physical limits of the dam to release
water, length of time that it takes water to travel from the lakes to a

needy reach, limited availability of information on project effes on Tribal
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Trust and other resources, and amount of storage available in each lake.
There are also institutional constraints including, but not limited to:
water quality standards, laws, agency policy, and public acceptability.
Most of these constraints will vary temporally and thus would need to be

verified through coordination prior to responding to some future emergency.
PLAN FORMULATION RATIONALE

The first step in formulating alternatives for emergency releases from the
headwaters lakes is to determine whether and how much total emergency flow
is needed from the project. This includes consideration of sources of flow
other than the Headwaters project lakes. In 1990, it is estimated that 554
cfs is needed at the Anoka gage. Discharges less than that constitute a
human health and safety emergency. See the summary of the decision process

following the Executive Summary at the front of this report.

In actual practice, an emergency need for supplemental flows in excess of
the existing low flow plan would be extrememly rare. However, in the
interest of documenting the emergency decision-making procedure, in the
event that it might be needed, it is assumed for demonstration purposes
that an emergency need has been identified for a total project discharge of
600 cfs, which would be 330 cfs more than is contributed by releases from

the Headwaters Lakes under the existing low flow plan.

If and when a need for emergency supplemental flows is identified and the
District Engineer decides to make the release, then the decision must also
be made as to how best to make the release from each of the six project
lakes. This decision-making process involves coordination and consultation
with headwaters area interests, described in Appendix D, including Chippewa
governmental representatives, resort interests, other dam operators and

State, county, and local officials.

Some of the coordination topics include effects on commercial navigation,
Treaty Trust resources, regional recreation benefits, the environment, and
lake level recoverability. The Trust responsibility with the Minnesota
Chippewa Bands requires special consideration, at a higher priority than

that for the general public good purposes. The Treaty Trust related
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resources include wild rice, fish, and game on Leech and Winnibigoshish
Lakes. If emergency low flow releases are made that inhibit the use of
Tribal Trust resources, then the damages will need to be assessed and
compensation made for the damages. See Appendix L for more information on
project effects on Trust resources. Appendix F presents a further
discussion of the Treaty Trust relationship with the United States

government.

There are many possible combinations of supplemental low flow discharges
from the six lakes. For example, it may seem desirable to make releases so
that all six lakes go down by the same amount. However, lowering all six
lakes by an equal amount does not distribute the effects equally. Further,
equity may not be the absolute objective, particularly in considering the
Trust relationship with the Chippewa Bands. The point is that several
alternatives will become obvious, based on existing lake conditions and the
results of consultation with area interests. The job of the in-house
professionals then is to formulate and evaluate those alternatives fairly

and to ensure that they are really needed.

An important note is that. if the District Engineer determines to make
emergency supplemental di harges, the routine low flow from any of the
other project lakes should not be diaminished. The aquatic life in the
stream channels downstream from each dam will continue to require the
routine low flow discharges. The supplemental flows, if needed, would be

above and beyond the routine low flow discharge at any given dam.

In order to continue to describe this decision-making process, a number of
alternatives and conditions must be assumed for illustration purposes. The
District study team selected three example situations that are described in
the next section. It should not be assumed that these illustrative
examples have been preselected for any future conditions. Rather, the
actual conditions of some future emergency would very likely require some

solution different from the following examples.
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DESCRIPTION OF ALTERNATIVES

The examples and their respective tables are illustrations of the type of
information that would be presented in the actual plates during a real
emergency. The following is a brief summary of the calculation methods
used in determining the effects of various releases from the headwaters
lakes in a low flow situation. A rain-free period was assumed for all
three examples. It is also assumed that the withdrawal is planned to occur
for a 90 day period, from July 1 to October 1. Plots of the expected lake
level changes for each example over the 90-day period of analysis are

available in Appendix B.

Example 1

All lakes are assumed to have a July 1 starting elevation equivalent to
their respective low normal summer pool elevation. This elevation is then
converted to its corresponding storage volume in acre-feet. From the
storage value, evaporation losses are subtracted for the desired period to
provide the option 1 line on each of the lake level graphs. The option 2
graph indicates the effect of evaporation plus the existing low flow plan.
Option 2 represents the baseline or "without modifications" conditions from
which to measure the effects of each example alternative. Option 3
indicates the effects of evaporation plus the existing low flow plan plus
the emergency supplemental releases. The supplemental releases were
calculated based on an equal drop in stage for each lake, resulting in

discharges totaling 330 cfs.

Example 2

It assumed that the large lakes, Winnibigoshish, Leech, and Pokegama, have
a July 1 starting elevation equivalent to their low normal summer pool
elevations, while the smaller lakes, Gull, Pine, and Sandy, start at 1 foot
below their low normal summer pool elevations. Emergency supplemental
discharges are computed based on an equal drop in stage (0.20 foot) for
each of the large lakes, resulting in total supplemental discharges of 330
cfs. The same procedure was followed as in example 1 for each day of the

period. Gull Lake falls to its minimum pool elevation on July 1 and Sandy

36




Lake falls to its minimum pool elevation on August 18. The existing low
flow operating plan specifies that, when minimum pool elevation is reached
in a reservoir, then the normal low flow releases are reduced by one-half
for that reservoir. Thus, minimum releases are cut in half for Gull and
Sandy Lakes, reducing the combined project flow by 20 cfs. Therefore, in
order to maintain the combined emergency and normal project low flows, an

extra 20 cfs is released from Winnibigoshish Lake.

Example 3

The initial lake level condition is the reverse of example 2. The small
lakes are at their low normal summer pool elevations, and the large lakes
are 1 foot below their low normal summer pool elevations. Emergency
supplemental releases are computed based on an equal drop in stage (1.16
feet) for each of the samall lakes, resulting in discharges totaling 330
cfs. The same calculation procedure was followed as in example 1. Gull
Lake falls to its minimum pool elevation on August 4 and Sandy Lake falls
to its minimum elevation on August 21. After these datec, the minimum
releases for Gull and Sandy Lakes are reduced by one-half, with extra
releases made from Winnibigoshish Lake to compensate for the difference.
For this example, additional releases are also made from Gull and Sandy
Lakes (120 cfs and 84 cfs, respectively). These releases are eliminated
once Gull and Sandy Lakes reach their respective minimum pool elevations;
hence, the combined supplemental discharges total only 126 cfs.
Therefore, to maintain the desired supplemental flow of 330 cfs, an extra
204 cfs was released from Winnibigoshish Lake. Winnibigoshish Lake was
selected to supply the extra flows because, of the six lakes, it has the
greatest storage and it is the farthest from reaching its minimum pool

elevation.
EVALUATION OF ILLUSTRATIVE ALTERNATIVES FOR SUPPLEMENTAL LOW FLOWS

Project effects on resources are measured for each alternative water
control plan and then are used to comparatively evaluate the alternatives.
This section summarizes the process that would be used to evaluate the
alternative means of making emergency supplemental releases from the

headwaters lakes. The following paragraphs summarize the process for
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individual project related resources. More detailed evaluation
descriptions are contained in the appendices, as identified in each

section.
BASELINE CONDITIONS

A baseline condition is needed from which to evaluate alternative changes
from the routine low flow plan. The routine low flow plan is the "without
alternative actions” condition. It is the baseline condition. Option 2
curves are the baseline conditions for the example lake level plots

contained in Appendix B.

Consumptive Uses

Consumptive water uses, principally drinking water needs, would drive the
decision on whether to make emergency supplemental releases. However,
other lower priority consumptive uses would not be a significant factor in
determining how much water is released from each project lake to meet the
total supplemental need. The location of an emergency consumptive need
might require special consideration of travel time from the project and may
enter into the decision as to which lake would provide supplemental

releases first. See Appendix C.

Lake Level Projections

Computer spreadsheets have been prepared to help predict lake level changes
that would result from assumed releases. The spreadsheets can use inputs
of historic inflows, precipitation and evaporation, the starting lake
level, assumed duration, and the discharge that is to be evaluated.
Predicted lake levels would then be used by the other team members to
evaluate their expected effects on project related resources. The example
evaluations assume that no rainfall would occur and that emergency releases
would be required from July 1 to September 1. See Appendix B for example

plots of projected lake level changes.
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Lake Level Recoverability

Recoverability is the probability of refilling the lakes to normal levels
during the water year following an emergency supplemental release. 1If a
lake 1is wunlikely to refill in the next year as the result of one
alternative, another release plan might be considered or perhaps project
effects on resources may also need to be evaluated for the following year.
Reservoir recoverability considerations are based on stochastic evaluation
of historic records. Prediction of future climatic cycles or trends, such

as the Greenhouse Effect, are not involved. See Appendix B for a further

description.
Recreation Resources

The headwaters area recreation economy can be affected by significant
fluctuations in water levels of the six lakes. Lake 1level changes,
particularly drops, can make boat ramps, harbors, docks, and connecting
channels difficult or impossible to use by boaters. Thus, lower lake
levels can reduce recreational use of project lakes and stress the
dependent regional economy. See Appendix K. It was also found that
inaccurate information about lake levels can be perceived as real by
recreators and can cause actual reduced public use of the project area.
The public information plan should provide ample accurate information about
project conditions to the recreating public to help reduce induced stress
on the regional economy. The Minnesota State Tourism Office should be
contacted, in cooperation with the MDNR. See Appendix D for further
description of the public information plan.

ch ew.

Effects on Trust resources require special consideration, different from
consideration of the other project related resources. A description of the
Treaty Trust relationship is found in Appendix E. Further information
concerning project effects on individual in-lake Trust resources is

contained in Appendix L.
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Water Quality

Water quality in the lakes is typicaly quite good, but does deserve some
additional monitoring efforts during unusual low flow conditions. Lake
fisheries are dependent on good water quality. Downstream water quality
effects under emergency low flow conditions would probably be related to
thermal conditions at power plants and localized dissolved oxygen sags
below water treatment plant outflows down to about Anoka. Water quality
downstream of Anoka would be cxpected to be more dependent on factors other
than supplemental flows from the headwaters project lakes. Water quality in
Pool 2 should continue to be monitored Improved wastewater treatment
facilities on the lower Minnesota River would contribute significantly to

water quality in Pool 2 during low flow conditions. See Appendix J.
Instream Flows

The aquatic riverine habitat located immediately and for some distance
downstream of the six headwaters project dams is highly dependent on
continued low flow discharges from the dams. Some recreational use of the
river, such as canoeing and fishing, is also dependent on the low flow
discharge. The normal low flow plan makes valuable contributions to these
instream flow needs. The effects of emergency supplemental flows on
riverine aquatic habitat would also be beneficial, but would not typically
be a significant consideration in determining how emergency releases would
be made. This is because low flow discharges may continue in accordance
with the normal low flow plan during an emergency release situation.
Conditions should be monitored, however, in the event that further action

is needed for instream purposes. See Appendix E.

Commercial Navigation

During extreme low flow conditions, emergency supplemental flows would help
reduce lockage delays. Navigation requirements would be considered in the
decision concerning whether and how much supplemental flow would be

required from the headwaters project.
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Power Generation

The NSP Sherco and Monticello power plants need 200 to 250 cfs to keep the
power plant intakes covered. Emergency supplemental flows would help ease
thermal restrictions on power generation,. The power plant flow needs,
particularly when there is no surplus energency available or brownouts,
might enter into the decision on whether to release emergency supplemental
discharges and how much to release, However, it is expected that emergency
flow conditions at the 2 power plants would coincide with emergency flow

conditions in the Minneapolis-St. Paul area. See Appendix I.

Recoverability and Storage Conservation

The potential length of any drought would be wunknown. Thus, it |is
desirable to retain as much water in the headwaters lakes as possible for
potential future emergency release, as needed. The no action plan
(continue routine low flows) would reserve the greatest volume of water for
future use. For all the options to release supplemental flows, it would be
desirable to release as little water as possible to maintain the target
emergency discharge. The statistical analysis of ability to refill the
reservoirs in the next water year is known as recoverability.

Recoverability would also be considered.

Cultural Resources

Any of the alternatives, including no action, would tend to lower lake
levels and thus reduce shoreline erosion at identified sites. However, it
is recommended that the known sites be monitored for erosion for any
action. Lower lake levels would expose artifacts in areas that would
normally be underwater. Thus, low lake levels might also encourage
scavenging of artifacts located on the lake bottom at and below summer pool

elevations.

COMPARATIVE EVALUATION DISPLAYS

It is most beneficial to display all of the results of the evaluations for
each alternative on one table. This helps decision-makers identify
significant differences between the plans. Tables 2, 3, and %4 display the
evaluation results for the three example alternatives.
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TABLE.2

IMPACTS OF EXAMPLE ! - Supplemental Releases From All 6 Lakes (338 cfs) To Cause Equal Drop In Lake Levels;

Start At Bottom Of Summer Band.

EFFECTS IN HEADWATERS LAKES AREA

I

Nonconsumptive Uses
Economic and Recreation Impacts:

Leech $251,998 Reduction

winnibigoshish 178,188  Reduction

Pokegama 35,188 Reduction

Gull 174,508  Reduction

Pine 82,188 Reduction

Big Sandy 26,498  Reduction

Total $742,188  Reduction
Fisheries: Minimal adverse effects; monitor water temperature and dissolved oxygen
Wildlife: Minimal adverse effects; some positive effects
Wild rice: Percentage of access restriction = X percent on Leech Lake

Y percent on Winnibigoshish
Z percent on Big Sandy

All Lakes

Effects on harvest volume, deterained in consultaticn with Tribes, would depend on season, prevalling
price and actual production of wild rice in the subject year; statement on whether Trust responsibility

would/would not be met for fish, wildlife, wild rice, etc. by the lake

I1. Ability To Refill Reservoirs in Spring Sandy - No change (98%)

IIr.

Iv.

V.

Pine - No change (98%)

Gull - No change (98%X)
Winnibigoshish ~ No change (98%X)
Leech - Change from 98% to 98%

release period.

Social Effects Controversy minimized vith forum for area input and use of public information plan.

Cultural Resources Lower water levels would likely reduce shoreline erosion at known sites.

EFFECTS ON DOWNSTREAM REACHES

I. Nonconsumptive Uses

-

Fisheries
Wildlife

Wild rice
Navigation

Water quality

Hydropower

Steam-electric cooling

Water In Storage For Extended Drought Equals surplus storage minus volume of proposed release rate over proposed

Habitat 1imited physically, but improved somewhat, particularly reaches nearest dams.

Habitat limited by low river stage, but improved somewhat, particularly in reaches nearest

dams; low flows have some positive effects.
Beds along river limited by low water levels, but improved somevhat.
No limitations on lockages.

Waste assimilation capacity of river strained; water quality conditions in pool 2 precarious

and dependent on algal production of dissolved oxygen; no significant improvesment until

river discharge returns to about 3,288 cfs.

Plants operating at minimum capacity; strict run-of-river operation is encouraged.

Plants operating with saximum recirculation, Monticello at reduced generation levels to meet

river thermal standards; supplemental flows should help ease thermal restrictions.

. Consumptive Uses (See Appendix C.)

Water supply Met, assusing enough of 338 cfs reaches location of need.
Industrial cooling makeup As permitted by MDNR; thermal variance may also be needed from MPCA to minimize derates;
[ndustrial process As permitted by MDNR.

Agricultural {rrigation As permitted by MDNR.
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TABLE.3

(MPACTS  OF EXAMPLE 2 - Supplemental Releases (338 cfs) From Leech, Winnibigoshish, and Pokegama Lakes To Cause Equal

T

Ca

e

.

/

Drop In Lake Levels; Only These Lakes Start At Bottom Of Summer Band

TS [N HEADWATERS LAKES AREA

Nenconsumptive Uses

Zzcnomic and Recreation lmpacts:

Leech
Winnibigoshish
Pokegama

Gull

Pine

Big Sandy
Total

$251,908 Reduction

170,180  Reduction
35,188  Reduction
No Change
No Change
No Change

$457,188 Reduction

Fisheries: Minimal adverse effects; monitor water temperature and dissolved
wildlife: Minimal adverse effects; some positive effects
wild rice: Percentage of access restriction = X percent on Leech Lake

Y percent on Ninnibigoshish
Z percent on Big Sandy

Effects on harvest volume, deterained in consultation with Tribes, would depend on season, prevailing price
and actual production of wild rice in the subject year; Statement on whether Trust responsibility
would/would not be met for fish, wildlife, wild rice, etc. by lake

Ability To Refill Reservoirs in Spring Leech - Drop from 97% to 84%

Winnibigoshish - No change (98%)
Pine - No additional releases
Sandy - No change (98%)

Gull - No additional releases

Cultural Resources Lower

FICTS ON DOWNSTREAM REACHES

.. Non-Consumptive Uses

Fisheries
wiidlife

wild rice
Navigation
water quality

Aydropover
Steag-electric cooling

water supply

{rdustrial cooling makeup
industrial process
Agricultural irrigation

. water In Storage For Extended Drought Equals surplus storage minus volume of proposed release rate over proposed

release period.

Social Effects Controversy ainimized with foruam for area input and use of public information plan.

vater levels would likely reduce shoreline erosfon at known sites.

Habitat li{mited physically, but improved somewhat, particularly reaches nearest dawms.
Habitat licited by low river stage, but improved somewhat, particularly in reaches nearest
dams; low flows have some positive effects.

Beds along river limited by lov water levels, but improved somewhat.

No limitations on lockages.

Waste assimilation capacity of river strained; water quality conditlons in pool 2 precarious
and dependent on algal production of dissolved oxygen; no significant improvement until
river discharge returns to about 3,888 cfs.

Plants operating at minimum capacity; Strict run-of-river operation is encouraged;

Plants operating with maximum recirculation, Monticello at reduced generation levels to meet
river thersal standards; supplemental flows should help ease therzmal restrictions.

II. Zonsumptive Uses (See Appendix C.)

Met, assuming enough of 338 cfs reaches location of need.
As permitted by MDNR; thermal variance amay also be needed froa MPCA to minimize derates.
As peraitted by MDNR.
As permitted by MDNR.
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‘MPACTS OF EXAMPLE 3 - Supplemental Rel=ases {

1. Nenconsumptive Uses

TABLE. 4

332 cfs) From Gull, Sandy, and Pine River Lakes To Cause Equal Drop In Lake
Levels; Only These Lakes Start At Bottom Of Summer Band;

ZCTS IN HEADWATERS LAKES AREA

Zcenomic and Recreation Impacts:

Leech
winnibigoshish
Pokegama

Gull

Pine

8ig Sandy
Total 1

No Chagne

$169,688 Reduction

No Change
643,800 Reduction
82,198 Reduction

318,588 Reduction
,214,080  Reduction

Fisheries: Minimal adverse effects; monitor water temperature and dissolved oxygen
+ildlife: Minimal adverse effects; some positive effects
~ild rice: Percentage of access restriction = X percent on Leech Lake

Y percent on Winnibigoshish
Z percent on Big Sandy

Effects on harvest volume, determined in consultation with Tribes, would depend on season, prevalling price
and actual production of wild rice in the subject year; statement on whether Trust responsibility
would/would not be met for fish, wildlife, wild rice, etc. by the lake

71, Ability To Refill Reservoirs in Spring Leech - No change (55%)

Winnidbigoshish - Reduced from 94% to 98%
Pine - No change (98%)

Sandy - No change (98%)

Gull - No change (98%)

11, wWater In Storage For Extended Drought Equals surplus storage minus volume of proposed release rate over proposed

.oy

V. fultural Resources Lower

{. Nenconsumptive Uses
Fisheries

wildlife

Aild rice
Navigation
water quality

Hydrepover
Steam-electric cooling

release period.

Social Effects Controversy minimized with forum for area input and use of public information plan.

vater levels would likely reduce shoreline erosion at known sites.

Habitat l1imited physically, but improved somewhat, particularly reaches nearest dams.
Habitat limited by low river stage, but improved somewhat, particularly in reaches nearest
dams; lov flows have some positive effects.

Beds along river limited by low water levels, but improved somewhat.

No limitations on lockages.

Waste assimilation capacity of river strained; water quality conditions in pool 2 precarious
and dependent on algal production of dissolved oxygen; no significant improvement until
river discharge returns to about 3,808 cfs.

Plants operating at minimum capacity; strict run-of-river operation is encouraged.

Plants operating with saximum recirculation, Monticello at reduced generation levels to meet
river thermal standards; supplemental flows should help ease thermal restrictions.

¥

II. Consuaptive Uses (See Appendix C.)

water supply

[ndustrial cooling makeup
Industrial process
Agricultural {rrigation

Met, assuming enough of 338 cfs reaches location of need.

As permitted by MDNR; thermal variance may also be needed from MPCA to minimize derates.
As perasitted by MDNR.

As permitted by MDNR.
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SELECTION OF EMERGENCY RELEASE PLAN

The next step in the decision-making process is to reverify the need for
emergency supplemental low flow releases and to select one emergency
supplemental low flow plan, implement and monitor it, as required. The
selection would be made independently by the St. Paul District, in
consultation with other interests and government officials, based on the
findings of the stated evaluations. The three example plans for
supplemental low flows described in this report are for three different
conditions, and they cannot be directly compared. Thus, this report does
not select a single alternative as the best, even for the assumed
conditions. The District 1is concerned that, if one alternative were
selected in this report, even for illustrative purposes, a reader might be
misled to believe that a decision has already been made for some potential
future low flow emergency. No decision has been predetermined, other than
the general process by which such a decision might be made. Further, the
process 1itself is flexible, to a certain extent, to provide for
consideration of changed resources or newly discovered or modified project

effects on the resources.
MEASURES TO MINIMIZE ADVERSE EFFECTS OF EMERGENCY SUPPLEMENTAL FLOWS

The primary means of minimizing impacts to the headwaters lakes is to delay
supplemental releases from them for as long as possible and to provide
supplemental releases only as necessary to meet the emergency need. The
concern is also whether the effects would occur during the prime resort,
fishing, and boating season and wild rice harvest. It is desirable to
defer any release until after these seasons, if possible, and then to
provide supplemental flow only as necessary to meet the identified
emergency. This approach would further reduce the effects on headwaters
lakes. The primary reason to delay making supplemental releases and to
release only the amount needed, however, is that it is prudent to reserve

water in storage in the event of a more severe and protracted drought.

To minimize impacts to cultural resour..s, shoreline areas at known
cultural sites should be monitored for erosion. The low water conditicns

are likely to help reduce erosion of some high banks, but moritoring is
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recommended. Some patroling may be needed to minimize scavenging of
artifacts located at or helow the summer pool band of elevations.

The MDNR shall ensure that all practicable water conservation measures are
implemented by all water users concurrently with provision of any
supplemental flows. The MDNR should also ensure that only appropriate and
permitted rates of water withdrawals are taken from the Headwaters lakes
and the Mississippi River between the headwaters and need areas. This
could require restriction of lower priority permits. These measures are

prerequisite for emergency low flow releases in excess of the routine low

flow plan.

The District can take mecasures to increase aeration at metropolitan reach
navigation dams. The State could consider requiring hydropower plants on
the Mississippi River in the Twin Cities area to implement aeration
measures. This could include curtailing generation and directing the flow

to the spillway.

If traditional canoce access to wild rice beds for harvesting becomes
restricted because of water levels, administrative authority exists to
allow alternative techniques for harvest. However, it is recognized that
the Leech Lake and Mille Lacs Bands do not support the use of
nontraditional harvest techniques for in-lake wild rice beds. However, the
Leech Lake Band does have a commercial wild rice operation west of Leech

Lake, where they do use commercial equipment.

LOW FLOW PLANNING BY OTHERS

Long-Range Water Use Planning For the Twin Cities Area

Metropoljitan Council

The Metropolitan Council is required (Minnesota Statutes, Section 473.155)
to prepare short-term and long-term plan for existing and future water use
and supply by February 1, 1990, and July 1, 1990, respectively. The plans
must be submitted to the House Metropolitan Affairs Committee and the
Senate Natural Resources Committee and be made available to the public.

Consultation shall be with the Corps of Engineers, the Leech Lake
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Reservation Business Committee, the Mississippi Headwaters Board, the
Minnesota Department of Natural Resources, and the Envirommental Quality
Board. The Council will also consult with other affected parties,
including NSP, major water users and suppliers, Minnesota Pollution Control
Agency, Metropolitan Waste Contrel Commission (MWCC), Minnesota Department
of Health, and interested environmental groups. It is expected that the
water supply planning efforts by the Metropolitan Council, in cooperation
with the other identified agencies, will reduce, but not eliminate, the
risk of emergency low flow conditions that might lead to supplementary low

flows from the headwaters lakes project.

The minimum requirements for the two plans are contained in the legislation

and include the following:

- update water supply and use information
- 1dentify alternative courses of action during drought conditions
- recommend approaches to resolving water supply and use problems,

including those that occur outside the region

Conclusions from the Short-Term Water Supply Plan for Metropolitan Council

The Metropolitan Council published a report to the State Legislature, dated
February 1, 1990, entitled "Metropolitan Area Short-Term Water Supply

Plan". The conclusions and recommendations from that report are as
follows:
1. The approach outlined in this report to the legislature should be

followed be all affected parties until a long-term water supply plan is
developed and adopted for the Metropolitan Area.

2. To the extent vpossible, excess water flowing in the Mississippi River
should be used as a primary source of water supply. The Minneapolis Water
Works should continue its endeavor to locate a supplemental source of water
because of uncertainties in the quality of the Mississippi River. In
preparing a long-term water supply plan for the region, the Metropolitan

Council should evaluate the feasibility of moving towards a regionally-
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planned, locally-operated, water supply system that relies more on surplus

surface water.

Groundwater should be used judiciously and supplement surface water
supplies when surpluses are not available. The long-term water supply plan
should define the conditions under which "surplus flows exist and examine

alternative methods of using this surplus.

3. Major water users in the Metropolitan Area should first adopt a
conservation approach to water use before looking for supplemental sources
of water from outside of the region. Specifically, the matrix of response
actions contained in Table 6 should be adopted and followed by the users at
the respective trigger flows. Adoption of the plan by the appropriate
parties should be mandated by the legislature. Municipal, industrial and
commercial users not relying on the Mississippi River should prepare their

own contingency plans for the conservation of water.

4. The Corps of Engineers and the DNR should formulate a cooperative
arrangement with all of the operators of water control structures on, or

adjacent to, the Mississippi River.

5. A critical flow level of 554 cfs (357 mgd) should be maintained at
Anoka in order to meet the needs of surface water users in the Metropolitan
Area, assuming they have begun conservation efforts. Attainment of this
level of flow in the matrix (Table 6) will trigger the consideration of
alternative sources of water, including a supplemental release from the
Headwaters Reservoir system. (Editors note on the Metropolitan Councils
conclusions and recommendations: The emergency actions by the Corps of
Engineers are actually triggered by a National Weather Service 30-day flow
prediction of less than 554 cfs at the Anoka gage. The Corp's emergency
actions include the decision of how much water and how to release
supplementary water from the 6 dams, as well as the timing of those
releases, recognizing a 14 to 24 day travel time from the project lakes to
the Twin Citiles.)
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6. The state of Minnesota through the DNR, and the region through the
Metropolitan Council should continue efforts te coordinate drought response

with the Corps of Engineers.

7. The Corps of Engineers and the DNR should proceed with their
cooperative study of the in-stream flow needs of the Mississippi River and
its tributaries. The MWCC and the MPCA should be involved in the

evaluation in order to account for wastewater impacts on the river.

8. The Minnesota Department of Health (MDH), with the help of MPCA and the
DNR, should study options for the reuse and reinjection of water from such
sources as water treatment pump-outs, once through air-conditioning, and
industrial non-contract cooling water. Agency policy allowing certain
controlled water reuse and reinjection should be considered, based upon the

findings of the MDH study.

9. The legislature should consider legislation requiring the adoption of

major elements of the short-term drought response plan outlined in table 6.

10. A state drought management authority should be established in the
State of Minnesota to respond to drought-related emergencies and to prepare
a statewide framework for drought response. The Dnr is a logical choice
because of its existing regulatory authorities. If the DNR is given
expanded drought-response authority, a formal state advisory group or
standing drought task force should established, consisting at least of the
MPCA, the Metropolitan Council, the MWCC, the Mississippi Headwaters Board,
NSP, and the cities of Minneapolis and St. Paul. This advisory committee
would be expected to consult with the Corps of Engineers on matters
pertaining to the Mississippi River. The drought management authority
should establish a process for dealing with drought statewide and be given
adequate resources to properly monitor the water resource inside and

outside of the Metropolitan Area.

11. Minnesota Statutes, Chapter 105.417, should be expanded to include all
major water users of both surface water and groundwater. No new
appropriation permits should be issued by the DNR unless a contingency plan
is prepared by the user. A time limit should be established within which
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all existing permits will be reissued with the contingency plan
requirement applied. The DNR should review its policy on allowing users to

"accept the consequences" in lieu of preparing a contingency plan and the

MDH should require a DNR approved contingency plan before issuing well

approvals.

12. Alternative and emergency sources of water supply for the Metropolitan

Area, including those sources evaluated in previous studies, should be re-

evaluated on rtheir social, environmental, economic and political

impacts/relevance in order to update feasibility.

13. The long-term plan should evaluate the results of the latest USGS
estimates of available groundwater and adjust the figures to represent the
additional capacity lost to contamination. The plan should also define

what level of withdrawal would be considered "optimal".

1l4. Following the second recommendation above, the plan should evaluate
the long-term feasibility of developing a regionally planned water supply
system that would, among other things, stress a more efficient use of
surplus surface water and a shift from the unplanned use of groundwater;
evaluate the feasibility of interconnecting municipal water supply systems
in order to accommodate this shift in water use and provide emergency back-
up for most suppliers, and examine how problems caused by the mixing of
surface water and groundwater could be overcome; determine methods
available to store and transfer surface water during periods of surplus
river flow; and evaluate institutional arrangements and financial resources

needed to undertake a regionally-planned supply system.

15. The economic implications of supplying a limited commodity (water)
during a period of shortage should be examined. Among implications that
need to be reviewed are how the cost of alternative supplies would be
shared among users; how a system incorporating priority usas with the
users’ ability to pay and the need to keep the cost of water low could

work: and how demand could be held down by raising the price of water.

50




l6. Responsibilities of agencies planning water use and supply for the
Metro Area, Greater Minnesota and state water planning activities should be
clarified, with particular attention to those activities in the upper

Mississippi River basin.

17. A water education program should be developed with a focus on "growth
managers”--planners and decision-makers who guide the growth and
development of the region. Public awareness efforts should also be the
focus of educational programs carried out by both government agencies and

water suppliers.

18. A detailed plan that aims to balance water availability with demand
should be prepared, using statistics on the likelihood of obtaining water
from various sources under differing climatic and demand conditions. 1In
cooperation with the Corps of Engineers, the Metropolitan Council will

continue to project the demand for water as the Metropolitan Area grows.

19. Proposed changes in the Federal Safe Drinking Water Act should be
evaluated for their impact on the development of surface water and
groundwater supplies. Specifically, the cost implications of treating one

source versus the other should be examined.

20. The Metropolitan Council should collect and distribute information on
effective water conservation techniques available to domestic, industrial
and commercial users. It should also consider methods for implementing
conservation of water in the region, including introduction through a

mandatory state building code.

21. The Metropolitan Council should work with the MWCC and the MPCA to
assure that a maximum cooperative effort is made to maintain good water

quality in receiving streams during periods of extreme low flow.
22. Municipal water suppliers should be surveyed to determine the price

they charge for water, the amount of commercial/industrial use of municipal

water and the occurrence of well problems.
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Mississippi River Main Stem Dam Owners

The main stem dams at Blandin, Blanchard, Sartell, and St. Cloud can cause
low flow interruptions or surges that have caused difficult water control
~roblems for downstream water wutilities and power generation plants,
particularly during low flow events, such as those in 1977 and 1988. The
main stem dam operators typically seek to stabilize their pool levels,
accentuating the fluctuations in river discharges downstream from the dams.
However, under emergency and extreme low flow conditions, it is desirable
that their operation minimize river flow fluctuations. Such flow
fluctuations should be minimized when flows at Anoka are less than about
1000 cfs. This would contribute to stable flow conditions and minimize the

risk of short-term shortages at downstream water use points.

The Federal Energy Regulatory Commission (FERC) has primary jurisdiction
over licensing hydropower facilities on the Mississippi River. Hydropower
licenses are also subject to periodic review and update by FERC. The MDNR
also has certain authorities over the mainstem dams, including water use
allocation permits and the dam safety program. However, the MDNR and
District Drought Coordinator should cooperatively seek voluntary compliance
of the mainstem dam operators. Carefully coordinated low flow operation of
the main stem dams would tend to minimize the temporary low flow
fluctuations that have occurred during past extreme low flows on the

Mississippi River.

The mainstem dams are typically operated in a run-of-river mode. However,
the term "run-of-river" has many definitions. During extreme and emergency
low flows, it should be defined as inflows exactly equal outflows. This is
very difficult to do with smaller pools, such as these, and may require

significant additional effort on the part of the dam operators.

Headwaters Area er

Initial meetings have taken place between dam owners in the headwaters the
Mississippi Headwaters Board area and the St. Paul District to discuss how
to improve water control coordination, including coordination during low

flow events. The dam owners include the Corps of Engineers, the Otter
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Tail Power Company, the MDNR, Blandin Paper Company, and the U.S. Forest
Service. When completed, this planning would help to ensure that adequate
low flows would be released from each dam to provide for the survival of
the aquatic environment in the streams downstream from each of the dams.
The MDNR has administrative responsibility to set low flow target
discharges for dams and protected discharges in rivers downstream from
them. The Federal dam operators normally cooperate with the MDNR efferts
to the greatest extent practicable in meeting the low flow discharge

targets.

City of St. Paul Board of Water Commissioners

The St. Paul water utility officials prepared their Drought Action Plan in
cooperation with the Corps of Engineers during the Corps Headwaters
Feasibility study that was concluded in 1982. The St. Paul Drought Action
Plan should be updated to reflect the results of this low flow review. The
last page of the plan should be clarified to indicate that the Minnesota
Governor requests supplementary releases from the headwaters project if
emergency conditions are projected by his drought task force. It is the
St. Paul District Engineer who would decide whether and how emergency
releases might be made from the headwaters lakes project. Further, the
table of projected flow needs in the Mississippi River for water supply
purposes is outdated and does not reflect the dynamic nature of future
conditions that might lead to a water supply emergency. It is suggested

that the table of projected flow requirements be deleted.

ACTIONS BY OTHER AGENCIES

The MDNR has authority over water control structures and water use in
Minnesota. Under certain low flow conditions, the MDNR can prohibit
irrigation withdrawal from surface waters that flow into the Mississippi
River upstream from Minneapolis-St. Paul. More extreme low flow conditions
might cause the MDNR to consider suspension of water withdrawals by other
classes of permittees to meet the highest priority needs. The main
operators of stem dams located between the headwaters lakes and
Minneapolis-St. Paul should be encouraged by the MDNR and District to

minimize flow fluctuations during restrictive low flows.

53




The State owns, under MDNR management, several abandoned mine pits in the
headwaters region that contain considerable volumes of water. Pumping from
these mine pits was considered to supplement river low flows, but costs
were assumed to be prohibitive. It is suggested that this alternative be
explored further by the MDNR as a possible alternative means to fprovide
river flow supplements. The District could provide limited technical

assistance for design and cost estimates, if needed by the MDNR.

The Minnesota Pollution Control Agency regulates the use of State waters
for waste assimilation. We assume that the MPCA enforces all practicable
measures that would reduce waste discharges and improve water quality.

This is a critical element of dealing with low flow conditions.

After the low flow event in 1977, the city of St. Paul prepared a drought
action plan and developed alternate water sources. The alternate sources
include additional impoundment volume in system lakes and additional wells
have been drilled. Thus, St. Paul has a stepped drought action plan to

implement in the event of low flows on the Mississippi River.

Following the 1977 low flow event, the city of Minneapolis also began
drought planning and looking for alternate sources. The primary design
parameter is that the emergency source should provide a minimum of 50
million gallons per day (mgd). This was estimated based on achievable
water conservation by banning outdoor water usage for sprinkling and other
activities, coupled with an intense public appeal for curtailment of

consumption.

In 1978, Minneapolis hired a consultant to study a shallow aquifer well
system in their intake plant area on the Mississippi River. Unfortunately,
the study showed that this area was isolated to the east and south by
impermeable layers and the groundwater recharge of the proposed area was
not adequate to sustain the 50 mgd. Also deep wells alone were dismissed
because they would not supply 50 mgd. As a consequence, the city then
budgeted for an expanded study involving FMC property just north of the
intake plant area. However, before the study could begin, the issue of

groundwater contamination emerged in December 1981. The contamination is
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being cleaned up, but water from the area’'s shallow aquifers would require

the use of expensive activated carbon treatment for the foreseeable future.

Thus, the city shifted its strategy to a combination of deep and shallow
wells to obtain the needed 50 mgd. To this end, the city engaged with the
U.S. Geological Survey (USGS) in a jointly funded 3-year study of the
northern metropolitan area. The goal is to determine the inter-
relationship of the shallow aquifers with city lakes, streams, and the
Mississippi River. The study results will provide some design parameters
for the contemplated system of shallow and deep wells that would have the
least impact on the total water system in the metropolitan area, yet
provide Minneapolis with the required 50 mgd. The USGS study is scheduled
to be completed in 1989. The report should help the city of Minneapolis
and Met Council in some further alternative scoping and analysis This may
lead to a reduced probability of need for future emergency releases from

the headwaters project, but probably not for at least 5 to 10 years.

The Minneapolis Emergency Preparedness Office has initiated a water supply
vulnerability assessment to determine the risk of contamination of the
existing supply system. The results could lead to actions to reduce the
risk or at least increase the understanding of the level of risk of
accidental contamination of the Mississippi River upstream from the

Minneapolis intake.

In 1988, Northern States Power Company voluntarily reduced power generation
at the Sherco and Monticello plants located on the main stem of the
Mississippi River. NSP replaced the required generation capacity with
power purchases from MAPP, their reliability network of utilities. MPCA
offered to allow NSP to exceed thermal assimilation requirements of their
discharge permit. NSP declined to exceed the permit standards. If
replacement generation capacity had not been available from MAPP, then NSP
might have needed to exceed the permit standard, in cooperation with the
MPCA offer.

In 1988, the St. Paul District conducted supplemental aeration of flows
passing through the St. Anthony Falls navigation strcutures and locks and

dams 1, 2, and 3. Aeration is provided by cascading flows over spillways,
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through lock filling conduits, and by cperations of bubbler systems. The
purpose of the supplemental aeration was to help maintain water quality
conditions needed for aquatic life in the nearby reaches of the river.
This action was initiated in 1988 in response to a request by the MPCA, and

these measures were continued only as dissolved oxygen conditions required.

FUNDING FOR IMPLEMENTATION OF CONCLUSIONS

The following conclusions and recommendations concern the desirability of
obtaining and developing additional information related to the Headwaters
Lakes project, The information described 1in each conclusion or
recommendation would enhance the decision-making for low flow water control
for the project. However, the work items described in each conclusion or
recommendation will be scheduled, only as the availability of funding
permits, in accordance with District priorities and subject to the

availability of the recommended cooperating agency personnel.
CONCLUSIONS AND RECOMMENDATIONS

1. Water control authority for the Headwaters Lakes project has been
delegated to the St. Paul District Engineer, through the Secretary of the
Army and the Corps of Engineers chain of command, from the Congress of the
United States of America, within specific Federal and Treaty Trust
constraints. The Congressional authority for the project does not
specifically provide concurrent water control authority to the State of
Minnesota, but the State’s concerns are routinely considered. The
Headwaters project dams are operated to be used first for the authorized
navigation purpose, second for protection of Treaty Trust resources, and

third for "general public benefit or to minimize injuries."

2. A Trust relationship exists between the United States and ifts
agencies, including the Corps of Engineers, and the Minnesota Chippewa
Tribe to protect aboriginal and treaty rights to waters that are necessary
to fulfill the purpose of the treaty created reservations. Such rights
include, but are not limited to, that quantity of water needed for the
production and harvest of wild rice, fish, and game needed to achieve a

moderate standard of living for reservation members.
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3. It is concluded that there is no overriding reason identified, at this
time, to increase discharge figures for the routine low flow plan for the
Headwaters Lakes. This plan is subject to change, as relevant conditions
change. The routine low flow plan, including the emergency low flow plan,
can be adjusted by the District Engineer at any time, after considering its
effects on commercial navigation and Tribal Trust resources, and satisfying
the NEPA decision and public notification process. Although the project
existed prior to passage of NEPA, changes to the project must be
accomplished in accordance with its requirements. One of the principal
reasons that the normal low flow discharges might be changed in the future
is to better contribute to instream needs for aquatic life in the
downstream river reaches located closest to the six project dams. However,
the recent instream analysis, completed with existing data in cooperation
with the MDNR, did not include the river reacnes thalL are most atfected by
the project because the only readily available cross-section data was

located between St. Cloud and Elk River. See pages E-15, E-16 and E-17.

4. It is recommended that the MDNR and St. Paul District cooperate to
complete instream flow needs analysis at selected river reaches that are
closer to the project dams and thus are most affected by the normal low
flow plan of the Headwaters project. The MDNR has authority to evaluate and
establish low flow target discharges for the protection of instream aquatic
habitat. The Minnesota Chippewa support this work because low flows also
help support Treaty Trust resources, Northern States Power indicates a
willingness to provide technical assistance for instream flow work on the
Mississippi River. Results of this recommended instream work may indicate
a need to reconsider the discharges of the normal low flow plan. See

pages E-15, E-16 and E-17.

5. The routine low flow plan has been clarified to include a stepped
decision-making procedure for the St. Paul District to implement its role
in the Agency Drought Coordination Matrix. A summary of this decision-
making and response procedure follows the Executive Summary, located at the
beginning of this report. The drought response activity would intensify as
low flow conditions worsen, possibly leading to activation of a complete
in-house team to evaluate the need for and effects of alternative
contingency actions, such as emergency supplemental releases from the

Headwaters Lakes. The decision-making procedure includes consultation with
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the Minnesota Chippewa Tribe and Bands and the BIA at specific times. The
recommended drought response procedure includes a public information plan
to seek public input to the stepped response process and to inform the
public of the status of the drought response activity and project

conditions. Also see Appendix D.

6. Use of the Headwaters project discharges to supplement low flows, at
rates of release greater than the routine low flow plan, was considered in
the 1982 Headwaters Feasibility Report. The report concluded that low flow
supplements appeared to be economically feasible. However, the
consideration of supplemental low flows is not purely economic,
particularly when considering Treaty Trust responsibilities. The 1982
feasibility report recommended, on page 222, that low flow supplements not
be adopted as normal pracctice, but might be used on an emergency basis.
The Minnesota Chippewa and Headwaters area public are concerned that the
first occurrence of emergency supplemental releases would be precedent
setting and might lead to downstream long-term dependence on supplemental

flows for other than emergency needs.

7. The District recommends and supports efforts by cities that are
dependent on the Mississippi River for municipal water supplies to develop
alternative water supply sources and conservation techniques. These
measures would not only provide an added margin of dependability of water
supply systems during low flow conditions, but would protect the cities in
the event of unexpected water quality problems, such as from a chemical
spill or some other unforeseen incident. Particularly, we support the City
of Minneapolis’ efforts to complete z risk assessment, the USGS groundwater

study, and any other efforts in working toward an alternate source.

8. The Metropolitan Council’'s recommendations to the Minnesota Legislature,
dated February 1, 1990, concerning water supply for the Twin Cities
metropolitan area are expected to reduce the dependence of the Twin Cities
area on the Mississippli River during low flows and reduce the risk of
needing emergency low flow releases from the Headwaters Lakes project for
municipal water supplies. The St. Paul District supports the water supply
planning efforts of the Metropolitan Council by cooperating with the
Metropolitan Council and State officials in the use of the IWR-MAIN water
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use forecasting model, using Section 22 funding for District participation.
It is further recommended that the IWR-MAIN model be considered for any
other cities that rely, at least partially, on surface waters of the

Mississippi River basin for municipal water supplies.

9. It is recommended that the MDNR and St. Paul District cooperate to
assist the operators of dams, located in the basin upstream from Anoka, to
prepare low flow water control plans that contribute to stable river flows
downstream from the dams. Contacts would be needed during preparations for
an incipient emergency low flow condition. See paragraph 7.5 of Appendix
E. The St. Paul District will continue to participate in preparing water
control coordination procedures among Upper Mississippi River dam owners,

to include low flow coordination.

10. It is recommended that the MDNR and St. Paul District cooperate to
incorporate the results of this low flow review, and its recomm:nded

further actions, into the MDNR's Drought Contingency Plan.

11. Based on comments provided by the St. Paul Ci-crict, the St. Paul
Board of Watcr Commissioners is considering modification of their Drought
Action Plan, including the last page to clarify that the St. Paul District
Engineer would decide the magnitude of emergency releases and how they
might be made. The District’'s comments also stated that the city’s plan
should recognize the Minnesota Department of Natural Resources as the
primary contact for water restriction and other information, rather than
the Corps of Engineers, as the original plan states. Further, the District
requested that the table of projected flow requiremeats to meet water
supply needs be deleted as it is outdated and does not reflect the dynamic

nature of future conditions that might lead to a water supply emergency.

12. Tne Upper Mississippi River Basin contains lakes, reservoirs and
surface water bodies, other than the 6 Headwaters project lakes, that could
al:o contribute to low flows on the Mississippl River and its tributaries.
It is recommended that the MDNR and responsible entities for the other
water bodies cooperate, in coordination with the St. Paul District if
needed, to determine reasonable routine low flow discharges for these

surface water bodies. Further, it is recommended that, during this work,
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contingency actions also be identified for each water body for possible .

emergency supplemental low flow discharge purposes.

13. The St. Paul District has expanded its water quality monitoring
program to include each of the 6 Headwaters project lakes. Basic
limnologic water quality monitoring is being conducted on a weekly schedule
during open water season. Profiles of water temperature and dissolved
oxygen concentrations within each lake and lake subbasin would permit the
evaluation of the effects of declining lake levels on water quality of the
project lakes. Thus, the effect of project water control on in-lake
resources, related to basic water quality parameters, could be evaluated.

See Appendix L.

14. It is concluded that the routine low flow plan be modified to include
gradual discharge changes at all 6 dams during low flows, to minimize

negative effects on downstream aquatic resources.

15. It is concluded that emergency conditions, under which emergency
supplemental low flows would be released from the Headwaters project lakes, .
is defined to mean when the discharge is less than 554 cfs (350 commercial
navigation, 202 restricted municipal water supply and 2 NSP), measured at

the Anoka gage. It is recognized that this discharge figure can change

over time. However, the District will not recognize an upward adjustment

of this figure without first consulting with the Minnesota Chippewa Tribe

and Mille Lacs and Leech Lake Bands.

16. It is recommended that the Minnesota Chippewa Tribe, Leech Lake and
Mille Lacs Bands, BIA and St. Paul District cooperate to identify
additional information that would contribute to an improved understanding
of project low flow water control on Tribal Trust resources. The Minnesota
Chippewa Tribe, both Bands and BIA indicated in their conjunctive comments
that, in their opinion, additional information is needed to properly
understand the effects of project low flow water control on Tribal Trust

resources.

17. The St. Paul District does not support the use of Mississippi River '

flows for augmentation of lake levels in the Minneapolis-St. Paul
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metropolitan area for recreation and aesthetic purposes, particularly
during low flows on the Mississippi River. The District’s concern is that
the use of Mississippi River low flows to augment metropolitan area lakes
might increase the risk of needing emergency low flow supplements from
Headwaters project lakes. However, the District supports use of offstream
storage of excess Mississippi River flows for water supply purposes during

emergency and low river flows.

18. It is recommended that the City of Minneapolis (and those cities
dependent on Minneapolis) decrease their dependence on Mississippi River
flows for water supply purposcs during shortages of river flows. The
District supports the Metropolitan Council’s concept of using Mississippi
River flows when they are in excess, but then switching to groundwater
during emergencies and low flows. If implemented, such features would
reduce the risk that emergency supplemental low flows would be needed from

the Headwaters project lakes.

19. It is recommended that the St. Paul District cooperate with State
officials to consider the need for low flow planning and Corps of Engineers
project water control reviews for other river basins in Minnesota, North
Dakota, and Wisconsin and to scope any needed planning efforts and to
program funds for such reviews. This is needed particularly in the Red

River of the North basin.

20. An analysis is needed of reservoir water level effects on natural
resources by elevation, duration, and time of year to be conducted.
Specific management goals must be defined for natural resources of the
Headwaters Lakes. Then, an optimized strategy for Headwaters Lakes
operation could be developed using a multiple reservoir system optimization

model .
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a)é C «f C/(’_i

Date Colonel, Corps of Engineers

District Engineer
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ANNOTATED BIBLIOGRAPHY

Low-Flow-Frequency Characteristics for Continuous-Record Streamflow
Stations in Minnesota, dated 1987, published by the U.S. Geological Survey
(Water-Resources Investigations Report 86-4353), prepared in cooperation
wich the Minnesota Environmental Quality Board and the Minnesota State
Planning Agency, through the U.S. Army Corps of Engineers and the Minnesota

Department of Natural Resources.

Water Resources Issues in the Metropolitan Twin Cities Area: Planning For
Future Droughts and Population Growth, Summary of a Workshop, October 25,
1988, dated April 1989, by the Minnesota Water Resources Research Center,
University of Minnesota. The publication contains descriptions of:
meteorologic aspects of the drought; water uses and needs; Minneapolis and
St. Paul city water supply systems; regulatory aspects; alternatives for

Twin Cities water supplies; and Headwater area water uses and interests.

Drought of 1988 dated January 1989, published by the Minnesota Department
of Natural Resources, Division of Waters. This reference contains
information concerning the statewide effects of the drought; streamflow,
lake level and aquifer level records; state allocation actions; recommended
drought planning work and legislative initiatives and a record of National

Weather Service 30-day predictions for discharges at the Anoka gage.

Documents Related to Tribal Rights in the Mississippi Headwaters Area: An
Annotated Bibliography dated February 1, 1989, by David J. Siegler,
Attorney at Law, Ashland, WI, Contract Number PD-ES-88-470, St. Paul

District, Corps of Engineers, Department of the Army.

Metropolitan Area Short-Term Water Supply Plan, Metropolitan Council Report
to the Legislature, dated February 1, 1990. Publication Number 590-90-035.

USGS Groundwater study concerning groundwater connections to the

Mississippi River is underway now.
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LETTER RECEIVED (cont’d)

Copy

Correspondence from Date Subject Included
Native American Interests
U.S. Department of the Interior June 30, 1988 Recommendation: No No
Bureau of Indian Affairs deviation from the
Minnesota Agency conservation plan
Robert T. Aitken
Mille Lacs Band July 1, 1988 Opposition to drawdown No
Chippewa Indians of Sandy. Requested
Executive Branch of Tribal Gov consultation before
Don Wedll decision
Finn and Mattson July 7, 1988 Prepared to litigate No
Attorneys at Law rights of Leech Lake

Band
Leech Lake RBC Member July 27, 1988 Position: Vehemently No
James Michaud opposes the release

of tribal waters
The Minnesota Chippewa Tribe July 29, 1988 Chippewa Tribe support No
Darell Wadena for Leech and Mille

Lacs Reservations
Mille Lacs Band of Chippewa July 29, 1988 Winter’s Water Rights No
Indians Doctrine
Executive Branch of Tribal Gov
Arthur Gahbow
U.S. Department of the Interior July 29, 1988 Discussion of Federal Yes

Office of the Secretary
C. Ray Smith

Indian Trust

relationship




LETTER RECEIVED (cont'd)

Copy

Correspondence from Date Subject Included
U.S. Department of the Interior August 1, 1988 No change in No
BIA position
Minnesota Agency
Roger T. Aitken
Leech Lake RBC August 1, 1988 Data showing effects Yes
Division of Resource Mgmt of lake levels on
Joe Shepard wild rice resources
State & Regional Government
Governor's Office July 28, 1988 Request with rationale Yes

for releases from

headwaters lakes .
Minnesota Pollution Control July 22 & Drought effects on Yes
Agency August 30, 1988 waste administration
Metropolitan Council July 27, 1990 Comments on & support Yes

MDNR

State Senator Bob Decker

Sept 26, 1990

for draft low flow

review report

Comments on draft report

Need a stepped, trigger
coordination system

to provide more
productive discussions

earlier in event

Yes

Yes




LETTER RECEIVED (cont'’d)

Copy
Correspondence from Date Subject Included
Local Governments, Chambers
of Commerce and Recreational
Interests
Cass County Auditor June 29, 1988 Resolution: Coordinated No
Sharon Anderson plan for water quantity
during droughts; e.g.,
county involvement
Chamber of Commerce July 5, 1988 Economic and No
Grand Rapids Area environmental impacts
Sandy Layman on northern Minnesota
Chamber of Commerce July 5, 1988 Release effects on No
Leech Lake Area area economic base
D. Nevin Campbell
Congress of Minnesota Resorts July 5, 1988 Drawdown effects on No
Chick Knight economy of northern
Minnesota
Cass Lake Area July 5, 1988 Economic and No
Civic and Commerce Association environmental effects
Karol Savage drawdown
County Auditor July 7, 1988 County Board Resolution No

Crow Wing County

Roy A. Luukkonen

Requests criteria and
long-range plans prior

to reducing levels




LETTER RECEIVED (cont’d)

Copy
Correspondence from Date Subject Included
Gull Lake Area July 18, 1988 Drawdown effects on No
Property Owners Association Gull Lake Chain
Mississippi Headwaters Board July 26, 1988 Request to serve as Yes

Molly MacGregor

information coordination
agency .

Passed resolution opposing
additional releases unless

metro area conserves
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United States Department of the Interior EHE

_—

WASHINGTON, D.C. 20240 - s

OFFICE OF THE SECRETARY

Colonel Roger Baldwin

Department of the Army

St. Paul District Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, MN 55151-1479

Dear Colonel Baldwin:

It is our understanding that the governor of Minnesota requested that
your District release water from Lake Winnibigoshish in order to
alleviate water supply problems in the Minneapolis metropolitan ares.
Further, we were advised on July 28, that-you had not made a decision
on the request and that you are currently examining federal drawdown
options in consuitation with the Leech Lake and Mille Lacs Bands of
Chippewa Indians and local Bureau of indian Affairs officials. We urge
that you continue to move cautiously in your deliberations.

In view of your forthright acknowledgement of the Corps' responsibility
to protect Indian trust resources from risk of loss, we are optimistic
about the possibility that you will find a workable solution which is
consistent with the Indian trust responsibility and which is responsive
to the public interest that may be affected by the Corps' general
statutory authority to act.

/Ihg__dggmn which yvou will soon_ be making should, in our view,

ngideration of several important issues. First, is there
actually an emergency situation requiring a drawdown? Second, if it
can be said that there is an emergency, what is the scope of that
emergency and what are the minimum water resources required to
respond to the needs of public heaith and safety? Third, who in the
region can contribute to the solution in terms of actual water? Fourth,
what water monitoring procedures must be implemented by the
co-managers prior to drawdown implementation, particularly with respect
to protection of Indian trust resources? Fifth, what water management
decisions can be made now and/or in the future by federal, state and

roal interests to guard against the reoccurrence of this problem.

\r

As our third point suggests, it must be considered whether State has
other means available to sase the water shortages of the kind now being
experienced by the Minneapolis metropolitan area. To the extent that
these means exist they should be used to resolve the water shortage
before water is drawn from sources that are necsssary to the
maintenance of the Indian trust resources. Furthermore, if the feders!
reservoirs in the region are t0 be used for drought relief, drawdowns
should be coordinated at a minimum to avoid or mitigate impacts on the
reservation environment.




In closing, we wish to request that, in the exercise of your authority
in this matter, you include tis office in the exchange of any
information pertinent prior to the making of your final decision.

Sincerely,
Deputy AZ\ssistam Secretary -

Indian Affairs (Trust and Economic
Development)
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EMERGENCY WATER WITHDRAWALS FROM THE
MISSISSIPPI HEADWATERS LAKES AND THEIR EFFECTS LUPON
LEECH LAKE BAND OF CHIPPEWA INDIANS

PREPARED BY:
DIVISION OF RESOURCES MANAGEMENT
*EECH LAKE RESERVATION BUSINESS COMMITTEE
JCSEPH B. DAY, DIRECTOR




INTRODUCTION

Tne _eecn Lake [ndian Reservation, located in north central Minnesota,

vas
~eserved by the Leech Lake Band of Chippewa by <treaty with <he U.S.
jovernzent i1 1855 and continues under modifying provisions of subsequent

treatles and executive orders. The Reservation s comprised of

approximately 588,684 acres of forests, wetlands and natural lakes and
flowages. The northern most reaches of the Mississippl River <traverse :he
Reservation from west to east through a series of large, scenic lakes. The
southern area of the Reservation is dominated by Leech Lake, a tridutary of
the Mississippi River via the Leech Lake River. Leech Lake and Lake
Winnibigoshish lie within the Leech Like Reservation and are the first tvo
of <+nhe six controlled lakes that make up the Mississippi River Headwaters
_akes System. Of the six Mississippi River Headwaters Lakes, Leech Lake

and Lake Winnibigosnish contain approximately 75% of the system’s capacity.
HISTORICAL PIRSPECTIVE

~he six water control dams on lakes in the Mississippi Headwaters area vere
constructed by the U.S. Aray Corps of Engineers between 1881 and 1913. The
original stated purpose of this system of dams vas to "improve navigation
and provide some miuar bdenefits to logglog.” What should also be
recognized is that Congressional authorization in 1880 for comstruction of
-he Mississippi Headvaters Reservoir System vas promoted by powerful
Minneapolis water pover and milling interests that garnered the greatest
henefits from their construction. The United States made no effort at the
time to consult with the Leech Lake Band, whose lands and natural resources
they vere proposing to destroy i{n order to assure the City of Minneapolis’
future as s great center of commerce and industry. After comstruction 1ad
hegun on the Headvaters daas, Congress did direct the Secretary of the
Interior to estizate any damages to the property of "friendly Indians” in
the comstruction of the dams. It should be noted at this point that
settlement of the damages case filed by the Minnesota Chippeva Tribe
against the U.S. Government was settled in 1984 for approximately
$3.300,000.00, over one nundred years after the fact.




The nistory of Headwaters Lakes operations also depicts situations wherein

iridal rights and iaterests have been subjugated to the interests of zore

Jowerful groups. The same Minneapolis nanufacturing and water power

interests that pushed for the Headwaters dams %o be constructed also had a

great deal of Iiafluence on their operation for nany of the early years

~eecn lLake and lake Winnibigoshish have also been operated o prevent
flooding damsges to predominantly agricultural lands in the Aftkin ares
during high flow years causing severe damages to tribal wild rice crops.

These damages wvent unacknovwledged by the Corps.

In the 1930’'s the Corps of Engineers constructed a series of locks and dams
at and below Minneapolls to provide a 9-foot navigation channel. This
project reduced low-flow water needs for navigation to 350 CFS, virtually
eliminating any utility of the Mississippi Headwaters {n maintaining river
navigation downstream from Minneapolis. While navigation requirements had
Seen effectively met, a number of upstream and downstream interests have
remained coacerned about the operation of the Headwaters Lakes. At the
request of some of these interests, Congress requested a study of the
Headwaters Lakes in 1948 for the purpose of recommending modifications in
operating plans %o enhance flood control, recreation, fish and wildlife and
other purposes.

This study was i{nitiated in 1945 but not completed. In 1976, another low-
flow year, the study vas reactivated and completed in 1982. The Leech Lake
3and of Chippeva I[ndians participated in the study during these years in
order to provide the Corps of Engineers with an understanding of their
unique cultural, legal, political and economic status and the Corps’
abilities to affect their interests via Headvaters Lakes operatiors. The
result of the Band’'s participation in the Headwaters Study was the
refinement of operating plans for Leeck Lake and Lake Winnibigoshish
primarily to enhance vild rice production as vell as fish and wildlife
habitat. it is interesting to note that prior to tribal participation in
the Headwvaters study the St. Paul District vas basically unavare of their
responsibilities in fulfilling the U.S. Government's trust relationship to
Aperican Indian tribes. The District, however, must be commended for their

recent acceptance and implementation of actions to correct this oversight.




The <Ioregoing historical account of the development of <he Mississippt
Heagwaters and its effect upon the Leech Lake Band of Chippewas i3 tntended
o provide some insight into the vehement opposition cf the Band to the
sroposed use of Reservation waters in 1988 to supplement Twin Cities flows.
The sand has already suffered grievous losses of their land and natural

resource Dase to accommodate Minnesota's growth over the past one-hundred
years. Per capita income of Indians residing on the Leech Lake Reservation
‘s $2,368.00, well below the national poverty level. Uneamployment,

alcoholism, {lliteracy and other social blights are pervasive problems
among I[ndian populations today. The problems of the Chippewa people are
difficult to understand unless one 1is cognizant of the history of
disenfranchisement, discrimination and disrespect imposed upon the Bands
during the past 120 years because someone else coveted our lands and

~esources. We have been made refugees in our own land.

The people of the Leech Lake Reservation do not wish for hardship to befall
other people and pray along with others that rain vill come and relieve
“hose who suffer from this drought. However, we are justifiably {ndignant
when <the Leech Lake Band is once again chosen to sacrifice for the relief
of those who have the resources available to provide for their own relief
sut have not done so. Our water is wvanted to maintain quality in the
Mississippli River primarily below the Twin Cities.

The Minnesota River would be providing that relief if land use practices
vithin that basin were rational. Instead its quality is diminished to the
point where (it s worse than the effluent discharged from the Pigs Eye
vastevater treatmeat plant. Water we need is requested to guarantee the
Minneapolis public wvater supply systes remains functional. Periods of low
flows 1in the Mississippi have been recognized as a problem since the city
vas founded and yet, despite knowledge and varnings has yet to tap their
rich groundwater resources to provide their own relief. Is (it truly easier
to .(mpose upon us? VWater ve need is requested so that electric power
production will remain optimal. Is it truly easier to impose upon us
rather than experience a temporary increase in electricity rates or, at the
worst, conserve on its use? Will a decision to provide some relief V1Y
allocating Lake Winnibigoshish vater to the Tvin Cities on an “emergency®
nasis solve these vater problems? We think not.
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wi{ld Rice Resources

Leech lake Reservation Division of Resources Management staff have
.dentified a total of 35 indiv: :al rice beds on Lake winnibhigoshish and
connecting {lowages affected -. the operation of Winnie Dam. Rice bed
acreages were calculated and the quality of the stands rated. Total wi..
rice acreage (s estimated at 2,752.90 acres. Stand quality ratings relate
to estimated harves- alues as follovs:

Harvest % of stands {n

Rating Acres Production/acre rating category Tstimated Harvest

Excellent 1,410.28% 300 1bs. 518 423,073. 1bs.
Good 1,303.50 145 1lbs. 48% 228,113. 1bs.
Poor 39.15% 50 lbs. 1% 1,958. 1lbs.

1988 aversgs:
TOTAL 2,752.9 237.26 lbs./acre 100% 683,146. lbs.

When compared to other year's production levels, 1988 represents a bumper
crop year for wild rice production on the Leech Lake Reservation. In poor
years harvest rates have been below 50 1lbs./acre. Average annual harvest
production is approximately 110 lbs. per acre. A bumper crop such as there
1e in 1988 has historically occurred on the average of once every five
years. [a this context the 1988 standing crop represents 44% of production
within a five year cycle.

The value of the wild rice crops is presently low in comparison with market
value over the past twventy years. Prices paid have varied from
approximately $4.00 (1988 dollars) per pound for green rice in 1972 to
$0.65 (1988 dollars) in 1987. Processing of wild rice reduces its weight
by 50 to 60 percent. The market price of processed vwild rice vas $4.50/1b.
in 1987. Individual harvesters have generai.y aedjusted to market
conditions by selling more wild rice on the market vhen prices are high and
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retaining Lt for subsistence use when prices are low. Over the past 20
years 3and members nhave zarketed about T0% of the crop and retained 30% for

their own consumption. ¥hile not scientifically verified, wild rtice

pickers estimate they harvest about one third of total lake production, the

remainder being consumed by wildlife or naturally reseeding the bed.

Wild rice is an aquatic grass and an annual plant, growing from seed each
season. As such, plant stress can have a profound effect on production.
Wild rice grows best in one to two feet of water. The plant will grow in
depths outside of this range but produce less seed. The major effect of a
drawdown, as 1s being contemplated, on wild rice plants in the reproductive
stage 1s on the physical stability of the plants. As more of the
supporting stem becomes emergent, the likelihood of wind and wvater action
or plant weight lodging the plants increases. No studies are known to
exist that quantify this problem, which is weather dependent in any case.
Lodging may or may not kill the plant or affect seed formation. In any
event, lodging causes severe problems with respect to harvesting.

Probably the most significant effect the proposed draw-down of Lake
winnibigoshish will have on the wild rice crop is that of sufficient water
depth in the beds to harvest the crop. Wild rice 1is traditionally
harvested by a team of two individuals in a canoe. One *pdividual stands
in either the front or rear of the canoe and uses a long siender pole to
propel the canoe through the bed. The other individual sits in the wmiddle
and harvests the wild rice using a pair of flails or knockers to knock ripe
seeds off the plants. The vild rice seeds do not ripen at the same timze
and zhus harvesting 1is performed over the same bed many <times over a
harvesting season which generally lasts from mid-August into OJctober. {he
asjority of vild rice harvested from Lake Winnie and its flowages occurs
between August 20th and September 15th.

In order to estimate the losses of harvestable wild rice due to
{naccessibility, several of the wild rice beds on Winnie were surveyed ou
July 20, 1988 to determine present water depth. A graph wvas produced to
coughly estimate percentage of crop acreage that would dbe inaccessible to
harvest versus lake elevation. As water lsvels will decline over tine as

the harvest (s 1n progress and the dates of harvest are dependent on
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weather conditlons and other factors which cannot be determined, a probable

. range of losses must be deteramined. C(Contirnuing minimum releases of 100 CFS

at Wwinnie Dam result in an estimatea'io-l of 22% wild rice acreage at the

beginning of the season which increases to a 42% loss ia harvestable
5y September 15th. wWith an additional 300 CFS released,

area

areal losses of
rarvestable wild rice at the beginning of the season are estimated at

i2%
<{ith an increase to 61% by September 15th. Losses of wild rice to lodging
would most likely increase at an {ncreasing rate as the lake level drops,
although it {3 impossible to predict how much. Approximately 5% of <the

crop vas inaccessible on July 29, 1988.
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CONCLUSIONS AND RECOMMENDATIONS OF THE
DIVISION OF RESOURCES MANAGEMENT,
LEECH LAKE RESERVATION BUSINESS COMMITTEE

After consultation with the St. Paul District Engineer and his araff cn

pronosed drawdown of Mississippi Headwaters Lakes to augment flows i{n

the
Twin Citles., the Leech Lake Reservation Business Committee understands
that, due <to i{ts present low stage basin characteristics and the large
amount of wild rice production (approx. 4,300 acres), Leech _ake <s

effectively not bJeing considered by the District Engineer for further
drawdowns to augment downstream flows. If this is not the case, the Leech
Lake RBC should be contacted inmediately and i{nformed otherwise.

As the Governor of the State of Minnesota has requested that the District
Engineer order an emergency release of an additional 300 CFS from the
Mississippi tHeadwaters and specifically recommended the entire 300 CFS be
taken from Winnibigoshish, the Leech Lake Reservation Business Committee
wishes at this time to reaffirm our complete opposition to the release of
Reservation waters for the purpose of augmenting river flows for the
purposes intended. Specifically; the assimilation of wastewater effluent
to maintain water quality below the Pigs Eye vastevater treatment plant; to
ensure optizum power production from steam electric plants utilizing the
Mississippt River as a source of cooling water. After careful
consideration of the facts of the matter, we honestly cannot say that we
believe that a true state of emergency exists with respect to low river
flows in the Twin Cities ares.

It appears to the RBC that these problems have solutions other than
Headwaters Lakes withdravals with the exception of maintaining water
quality belov the Cities. It also appears to the RBC that a release of an
additional 300 CFS would not do much to improve said poor water quality
conditions. The taking of vater reserved for in-stream uses in one place
to provide for in-stream uses in another would be difficult at best to
justify as vise, especially when the relative importance of in-streaa uses
in this particular case are examined.
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The Lleech lLake RBC (s also under :he impression that the first

navigation
lock .1 Minneapolis could be closed to ensure a high enough stage :n -he
Mississippl o cover the water supply intake serving Minneapolis and the

suburos. While <this action would most certainly wvorsen water quality

conditlons downstiream and (s likely to Y%e somewhat inconvenient with
respect to navigation, it does provide a local solution to a local problem.
The RBC <=:rusts that a hard look at former low flow years with an eye

towards determine groundwater contributions to river flow to ascertain to
what extent the Minneapolis public water supply is threatened and :hus

whether a state of emergency truly exists.

with respect to steam electric water requirements, Minnesota Pover Company
officials publicly stated that they could continue to provide thetir
customers with power even if they were forced to shut down their plants
taking water from the Mississippi River. A complete shutdown does not
appear very likely though as these plants are designed to continue in
operation at lower power outputs by recycling cooling water. Inconvenient

yes, but not an emergency.

With respect to potential damages to the Reservation’s natural resources ve
have .estimated that with only minizum releases f-om Winnie Dam and no
appreciable precipitation through the harvest season, a 22 to 42 jercent
Loss of harvestable acreage will occur on ¥innie and connecting flovages
due to <insufficieat water depth for harvesting operations. r an
additional 300CFS vere released from ¥Winnie Dam, the loss of harvestable
acreage wvould increase to approximately 42% at the beginning of the ricing
season to 61% at the end. Our estimates of crop loss in the worst case,
supplemental drawdown option being considered by the District Engineer 1is
over 20% of the crop, as lodging of stands would also produce an
unquantifiable loss. With 2a wholesale market value of $4.50 per processed
pound, the wvorst case scenario (s estimated to represent a potential

economic loss of $293,915.00 to harvesters and processors of wild rice.

Significant impacts on fisheries are not anticipated from the proposed
drawdown., howvever there may be some impacts occurring if normal operation
Levels are not regained by late April of 1989. Low water levels at this

time could greatly i{mpair spawning success within the lakes f{isheries.
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“ildlife nabitat s also a concern expressed by the Reservation's people,
however n0 assessment of potentlal (Ipacts has been completeq at this time.
Of specific concern are fur bearing mammals which our trappers rely upon
and dwindling wvaterfowl populations. Any efforts on the District’'s part to

assess potential impacts to wildlife resources would help greatly to make

ap for our shortcomings in this area.

AS to this issue bearing upon the special legal status of the Leech Lake
3and, we have little to add to our previous correspondence submitted within
the {ramework of the Headwaters Study. At the RBC's meeting with the
JDistrict Engineer held on July 28, 1988 the RBC was reassured that the
District Engineer understands the nature and obligations of the Federal
<rust responsibilities that he must uphold when making a decision regarding
the Governor's request. We do, however feel that there is a need to state
at this time that the Reservation Business Committee views any diminishment
of <he Leech Lake Band’'s trust estate as a result of the District
EZngineer’'s decision and actions on this matter as a taking of Band property
for public purposes and therefore subject to the Band's receiving just
compensetion for any and all losses as vell as any taking of trust property
being performed 1in a manpner consistent with existing lav regarding the
taking of tribal trust property. '

it should also be known that the Leech Lake Reservation Business Committee
does not viev the present situation as a vater rights issue, but as an
{ssue of wise and present vater resource management. Water is the first
limiting factor ia the growth and development of human settlement.
Respectful care and stevardship of our nation’s precious lands, wvaters and
all living things, both nov and in the future, is foremost in our minds and
nost laportantly in our hearts. Perhaps sose vwill say wve are selfish to
object to the Governor'’s request. But them others may think long and hard
before permitting another wetland to be filled in order to "improve” the
land’'s value. And perhaps others will place more value on the wvater they
use and find it offensive to vaste it. And perhaps someone living one
hundred years from nov will come to Minnesota and find clean lakes and
streass., oxarshes teeming with life and chosen ways of life preserved by
people with the foresight to wisely manage and protect the resources that

sustain them.
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July 26, 19C8

Colonel Roger L. Baldwin

Jistrict Engineer, St. Paul District
J.S. Army Corps of Engineers

1421 1.S. Post Qffice and Custom House
<t. Paul, Minnesota 55101

Cear Colonel Baldwin:

On hehalf of the people of the State of Minnesota [ hereby request the release
of water from the headwaters reservoirs to augment flow in the Mississippt

River. .

This action is being requested due to the continued nature of the 1987-88
arought and is in accordance with the recommendations of the State Drought Task

rarce.

Specifically, our initial recommendation is for the release of an additional 300
cubic Teet per second (cfs) from Lake Winnibigoshish Reservair to provide base

“'ows adequate to:

) minimize water quality problems and protect in-stream needs;
) insure a reliable supply of water for domestic demand; and
) provide reasonable levels of power production.

[ SV o By

Specific documentation of this request is attached. Clarification and
additional infarmation is available through the Department of Natural Resources,
Division of Waters Director Ronald M. Nargang,
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Existing Situation

The 1937-88 drought is having a profound impact on streamflow
statewide. Palmer Drougnt Index ratings indicate more severe drought
conditions in portions of the state than those experienced in 1934.
Flows in the Mississippi River have fallen to seriously low levels and
computer projections from the River Forecast Center indicate that we

must anticipate and plan for historic low flows to occur during August Rt
1988. Although weather patterns seem to be returning to normal we see ‘e
not indication of rains sufficient to alleviate general drought proye

conditions or support base flow in the Mississippi River.

Impacts of the Low Mississippi River Flow

Water Quality

water quality impacts are being felt along all of the Mississippi

River. Along certain reaches the water is becaming more stagnant,
temperature is increasing, dissolved oxygen is decreasing, and

productive substrate is being exposed. The demands on the river for

waste assimilation remains relatively constant and other point sou ei hodi
continue to contribute to the demand on the river system, Hithoudéﬁu o

—————

additional flow, conditions will continue to deteriorate. Wda addbhona

\Cws 1“‘\4““‘ -

Water Supply derevioratre .

The following Cities are dependent on the Mississippi for a major
portion of their water supply:

St. Cloud 95% —e g
Minneapolis 100% — (Qrs
St. Paul 602 ~——

Current projections of flow indicate serious probl mggum_mp_._-“"“‘ >
demand, even though total demand is reduced by implementation of fock. ¢

conservation measures. SO CHES o
SUPPOAT -
Power Production 50?‘91_9 10

<
Reduced water flow limits the capacity of power generation along the
river for both hydropower and nuclear power generation. Most criticyl
is the maintenance of 1 f i r

fac y at Monticello.

sSEe NS LLTEL T2
CBEASTAR., 7/ NoT SUPPOLTTED.
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Office Memorandw

“Jdly 22, 1388

..S. Army Corps of Engineer

t. Paul District Office -
A

:tan Kumpgla, Assistant Chier of Ensineering
<

Timothy K. Scherkenbach
~irecter
Zivision of Water Quality

296-7202

SUMMARY OF WASTE ADMINISTRATION IMPACTS DUE TO DROUGHT SITUATION ON
MISSISSIPPT RIVER

This is in response to your request for information regarding
potential impacts on the Mississippi River due to drought conditions.
The information we have available is based upon data that was recently
collected during a low flow survey. Any future impacts under flow
conditions of even lesser volumes are speculative due to our inability
to model and predict impacts at flow levels less than 7Ql0 conditions.

Aith respect to dissolved oxygen in the Mississippi River downstream

from the Metro Area, declining river flows during the current drought

have reduced the river's total capacity to assimilate wastewater ‘
effluents from the Metro Pldnt located at river mile UM-835. Less

water is available for dilution. A zone of depressed dissolved oxygen
levels occurs downstream from the plant, reaching minimum

concentrations approximately five miles downstream at river mile

LM-830. Thereafter, dissolved oxygen begins to recover, aided
significantly by the photosynthetic production of oxygen by algae in

the river,

An intensive survey conducted jointly by the MWCC and the MPCA between
Jcune 17 and July 1, 1988, documented water quality conditions of the
#18s1ssippi River under summer low flow conditions. During this
seriod, river flows at St. Paul were in the 1500-1700 cubic feet per
second (cfs) range, which represents a summer low flow having a
probability of occurrence once every ten years. Under these low flow
conditions, wastewater treatment piant; are designed to maintain water
quality stancards 50% of the time. At river flows below the design
flow, one would expect a reduction in compliance.

Juring the first part of the river survey, minimum dissolved oxygen
concentrations measured at sampling stations near river mile UM-832.5

and UM-831 were typically in the 4.0 to 5.0 mg/1 range at mid-depth.
Recovery to the water quality standard of 5.0 mg/1 occurred by river

mile UM-826 near the head of Spring Lake. Algal productivity in the

Spring Lake reach extending down to the dam at Hastings elevated

dissolved oxygen to supersaturated concentrations. ‘
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-uring the last week of the survey, dissolved oxygen concentrations at
the sag point were maintained above 5.0 mg/1, presumably frum
'ncreased algal activityzuw A complete analysis of water quality
tenaiticns during this period will be conducted later this summer when
water chemistry analysis and biclogical data become available.

At the time of the June survey, the effluent from the Metro Plant
represented about 1/5 of the total flow in the river downstream from
che Metro ar®a. [f Mississippi River flows continued to decline into
the 700-800 cfs range at Anoka, the Metro Plant flow would represent
./4 of the total downstream flow. Judging from the river's response
to loadings during the June survey when minimum dissolved oxygen
concentrations were measured in the 4.0 to 5.0 mg/! range, one could
reasonably expect minimum concentrations in the 3.0 to 4.0 mg/1 range
under the more severe flow case. An approximate 10 river miie zone
selow the Metro Plant discharge could be subject to depressed
dissolved oxygen due to algal productivity. Meteorological factors
such as temperature, solar radiation, and wind will yltimately play a
major role in determining the dissolved oxygen budget and the
frequency and duration of water quality problems under severe low flow
conditions.

Throughout this entire drought period the Metro Plant has consistently
serformed better than the conditions of its NPDES permit require. [t
's removing organic material and other pollutants essentially at the
limits of its technological capabilities. Current B0D. levels in the
discharge are averaging between 7 and 8 mg/1. Given i@s past history,
we anticipate that the plant will continue to perform at maximum
efficiency in the future. [n addition, the plant is pumping its
treated effluent over the flood dikes which raises the dissolived
oxygen to 7 mg/1 or above at the point of discharge into the river.

Concerning additional alternatives for lowering waste assimilation
impacts on the river, we don't know if there are really any
cost-effective options available. Mechanical aeration was discussed;
nowever, concensus is that the benefits derived vs. the cost of
implementation and operation wouldn-¢ prove to be workable.
Consequently, we didn't attempt to do a detailed analysis of that
option. The onl, other possibility that we came up with was the
potential for reaeration at the locks and dams. This alternative, if
feasible, might provide some pogjtive impacts below the Ford Dam where
the Minnesota River is coming in with dissolved oxygen levels in the
3.5 mg/) range. Perhaps the Corps of Engineers could explore the
possibility of utilizing the dams, particularly the Ford Dam, to
provide some reaeration to the river.

I hope this information satisfies your needs and helps in formulating
your final position paper. Should you have any additional questions,
please don't hesitate to contact me.

PM/ jms
cc: Ron Nargang - MDNR

A-21




MINNESOTA POLLUTION 3 30008
DEPARTMENT Lt CONTROL AGENCY STATE OF MINNESOTA
Office Memoran
DATE August 30, 1988
o Stan Kumpola, assistan. Chief of Engineering
c U.S. Army Corps of Engineers

St. Paul District Office

Timothy K. Scherkenba __

FROM Director
.{?*"'Division of Water Qualit

296-7202
SUMMARY OF WASTE ASSIMULATION IMPACTS OUE TO DROUGHT SITUATION

PHONE .

SUBJECT

This is a follow-up to my July 22, 1988, memo to you concerning the
above-referenced subject. There was a typographical omission in that memo which
significantiy changed the meaning and intent of a point I was trying to make.
This memo will clarify what was intended.

On page 2 paragraph 2 the original memo reads “An approximate 10 river mile zone
below the Metro Plant discharge could be subject to depressed dissolved oxygen
<ue to algal productivity. Meteorological factors such as temperature, solar
radiation and wind will ultimately play a major role in determing the dissolved
oxygen budget and the frequency and duration of water quality problems under
severe low flow conditions.* The memo should read "An approximate 10 river mil
zone below the Metro Plant discharge could be subject to depressed dissolved
oxygen. However, because dissolved oxygen concentrations are highly sensitive to
algal productivity, meteorological factors such as temperature, wind and solar
radiation will play a major role in determining the dissolved oxygen budgets and
the frequency and duration of water quality problems. under severe low flow
conditions. (emphasis added)." :

[ hope this memo clarifies the Minnesota Pollution Control Agency staff's
assessment of the impacts on the Mississippi River caused by the drought. The
mistake in my original memo made it appear as though algal productivity was
depressing the dissolved oxygen levels and that certainly is not the case.
Please do not hesitats to contact me if you have any questions.

TKS:alb
cc: Ron Nargang - MDNR
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METROPOLITAN COUNCIL Mears Park Centre. 230 Eust Fifih Street. St. Paul, MN. SSI0I 612 291619

July 27, 1990

Col. Roger L. Baldwin, District Engineer

St. Paul District, U.S. Army Corps of Engineers
1421 U.S. Post Office and Custom House

St. Paul, Mn. 55101.9808

ATTN: Herb Nelson

RE: Mississippi River Headwaters Lakes in Minnesota
Low Flow Review

Dear Col. Baldwin:

Thank you for sending us the draft plan referenced above. The Metropolitan Council’s Natural
Resources staff reviewed the plan relative to our on-going water supply planning efforts
referenced in the plan. Our comments are not extensive, since Council staff has reviewed a
similar, previous document. We believe that the plan clearly portrays the Corps’ responsibilities
relative to the Headwaters project lakes. We are very pleased that the plan acknowledges the
possibility of extreme water supply conditions, and provides for a supplemental release mechanism
to assure public health during such an event. This is a critical element in assuring back-up water
supply for the Metropolitan Area under near-catastrophic conditions. We support the Corps’
finding that MDNR must ensure appropriate and permitted withdrawals from the river before any
additional flows are authorized by the Corps. Such an approach is the heart of the Council’s
water supply planning efforts. The "critical” flow figure of 554 cfs is consistent with the Council’s
similar definition in it’s short-term water supply plan (discussed later in these comments).

We are hopetul that the establishment of an in-house drought management team will allow the
Corps, as one of many important players, to respond to the public’s need to know information
during a drought. The Council will cooperate in any manner we can to assist the Corps’ team or
to provide them with information.

The Council supports the plan recommendation to coordinate the efforts of all mainstem dam
operators, in conjunction with the MDNR. As you have shown in the plan, the uncoordinated
actions of individual dam operators can have a dramatic impact on the flow of even the
Mississippi River. Controlling this impact is essential to our efforts to assure an adequate flow of
water to the region during a shortage.
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As you arc aware, the Council prepared u« short-term water supply plan and presented it to the
Minncsota Legislaturc in February 1990. This plan contained a stepped response matrix that is an
adaptation of a similar matrix developed by the MDNR in anlicipation of a 1989 drought. Prior
to submitting this plan to the lcgislature, the Council received commitments from all parties in the
matrix that they would perform as outlined.  Also, the 1990 legisiature required the MDNR to
consider the matrix in its preparation of a statewide drought emergency plan. The
Council/MDNR matrix is certainly consistent with the "Agency Drought Coordination Matrix"
contained in the Corps’ plan; however, the two matrices address slightly different parties from
slightly diffcrent angles. Reference to the short-term plan matrix in the Corps’ plan would make
readers aware that a scparatc document exists outlining a regional strategy to achieve the same
end as the Corps.

As noted in the plan text, the Councii is currently working on a long-term water supply plan. The
text {pace 4h) renorts the old dus-data of July 1. 1990. The 1000 logislatro svized the plan duc-
datc to February 1, 1992.

For informational purposes, the Corps should be aware that the Council has prepared, with some
assistance from the Corps, a rough approximation of what it would take to supplement Mississippi
River flows from two abandoned Mesabi Iron Range pits. The possibility of accomplishing this
appears to be technically quite feasible. Several potential interested Mississippi River users have
been approached to get a measure of their interest. Although we await word from some of the
parties, it appears that a great deal of cautious optimism exists about the use of this largely
untapped water supply. The ultimate cost and renewability of the supply are largely undefined,
but interest in pursuing the source is high. We will certainly involve the Corps in any detailed
discussions that develop.

The list presented in Figure 3 of Appendix D is not current. [n addition to several personnel
changes in the list, the Council is not listed although it has been a member of this group for quite
some time.

Table E-2 was also rendered obsolete by the low flows of 1988. Although a fuil, post-1988 low
flow study has not been completed, as stated in the plan, it should be made more clear that the
figures presented will drop when 1988 is factored in. The plan later (page H-2) reflects the
lowered 7Q10 flow at St. Paul; perhaps some reference to the impact of 1988 and to the later
discussion would "update” Table E-2 to current.

Finally, I would like to thank the Corps for your assistance in obtaining the IWR-MAIN water
usc modcl and beginning its development in the Metropolitan Area. As you might be aware from
your discussions with Stan Kummer, the model has not worked well with our particular mix of
mid-continental climate and numerous municipal suppliers. I would like to request the Corps’
IWR, as part of its support for this model, work with the St. Paul District in calibrating the model
for this part of the country. We have found that the PC version of the model has not been
calibrated for the mid-continent and that many of the assumptions that work on either coast do
not work here. Since this model is an invaluable part of our water planning effort, I urge the
Corps to adjust it so that the outputs that we rely so much upon are accurate. Any assistance
that we can offer in the areas of providing data or interpreting results/needs, we will happily
provide.
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In summary, we are extremely pleased that the Corps has reevaluated the operation of the

. Headwaters Lakes project and has found that there may be occasions when additional releases are
warranted. Please let us know if there is any way in which we can be of assistance in your future
deliberations. Again. any assistance you could obtain from IWR in the regional calibration of the
MAIN model would be greatly appreciated. We look forward to continued cooperation as we
prepare the long-term water supply plan for the region over the next year and one-half.

Sincerely,

St e

Steve Keefe
Chair

cc: Herb Nelson, Corps of Engineers
Stan Kummer, Corps of Engineers
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STATE OF

NNESOTA
DEPARTMENT OF NATURAL RESOURCES
500 LAFAYETTE ROAD, ST. PAUL, MINNESOTA 55155.4037

OFFICE OF THF DNR INFORMATION
COMMISSIONER (612) 296-6157

September 26, 1990

Colonel Roger L. Baldwin

District Engineer, St. Paul District
Corps of Engineers

1421 U.S. Post Office and Custom House
St. Paul, Minnesota 55101-1479

Dear Colonel Baldwin:

Thank you for the opportunity to respond to the "Draft" for
your Headwaters Lak Low ow Review (June, 1990), and for
staff to respond to questions at your public meeting sponsored
by the Mississippi River Headwaters Board on July 18, 1990, in
Walker, Minnesota.

Your staff are to be commended in their effort to alleviate
many of our concerns relative to the earlier "Working Papers"
document. Most important was the incorporation of "“trigger"
flows (in cfs) that correspond to the Conservation, Restriction
and Emergency phases identified in the Agency Drought
Coordination Matrix.

There seems to be, however, some confusion differentiating
between the actions taken by the Corps based on the National
Weather Service (NWS) flow predictions and actions taken by the
Corps based on actual flows at Anoka. We concur with the
description in the "Executive Summary" explanation that "The
District’s emergency actions will be triggered by the NWS
30-day prediction...." On page 48, paragraph 5, it is stated
"Attainment of this level of Flow" (554 cfs) "in the matrix
(Table 6) will trigger the consideration of alternative
sources of water, including a supplemental release from the
Headwaters Reservoir system." This statement seems to fit the
Restriction Phase under State and Federal Actions in the
matrix. Under Emergency Phase it is stated "implement
emergency releases from reservoirs above low flow plan", when
flows fall to the "trigger" of 554 cfs. Further clarification
of this issue is desiread.

There also continues to be a difference of opinion on the
relative priority rankings for use of the project waters. I am
aware of the meetings that have taken glace between the Corps
counsel and the Attorney General’s Office which have helped to
clarify positions. The obligations placed upon the District
Engineer and the Secretary of the Army pertaining to Native
American water rights is recognized. However, a simultaneous
obligation and duty also exists to other members of the public

AN EQUAL OPPORTUNITY EMPLOYER
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as termed "general public good" which includes all the many
uses and values identified in the Low Flow Review.

I look forward to our continued close working relationship in
all water resource-related issues.

Yours truly,

oseph N. Alexander
Commissioner

c: Bill Clapp
Molly McGregor
Ron Nargang
Ken Reed
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- <Mississippi HeadwaterS

Reoresenting Clearwater. Hubtara. Bertrami. Case. itasca, Aitkin. C
Oar Cass County Courtnouse. Waiker, MN 56484  218-547.3300 Ext. zég" Wing ane Mornsan Counues

July 24, 1988

Governor Rudy Perpich
130 State Capitol
St. Paul, MN S3513S

Dear Governor Perpich:

Following two public meetings in northern Minnesota, the
Mississippi Headwaters Board has been asked to serve as a local body
coordinating information regQarding operations of the dams on the
Headwaters lakes of Winnibigoshish, Leech, Pokegama, Sandy, Cross and
Gull. The Mississippi Headwaters Board accepted this role, in part
because the board has been coordinating meetings with the U.S. Army
Corps of Engineers and other dam tenders on the Mississippi Headwaters
since February 1987,

After considerable discussion, the Mississippi Headwaters Board
passed the enclosed resolution opposing additional releases from the
Headwaters dams unless conservation methods are effectively implemented
in the Twin Cities area.

Furthermore, the members of the MHB have asked me to convey to you
their deep concern that the 1,000 cubic feet per second at Ancka
Mississippi River flow now being used as a triggering point for
additiomal releases is t00 high. The board members feel that too little
is really known about the needed water levels in the river, both in the
metropolitan area and in northern part of the state.

For that reason, we respectfully request that you consider
expanding your current support for relieving short term problems due to
the draw down with additional support for long range planning for water
quantity and quality in the state. We don't know the long term effects
of additional releases, and since this prodblem is bound to reéur in the
future, if not next year, we believe the time is right to initiate long
range planning to better understand the state's precious water
resources. The Mississippi Headwaters Board, through its dam tenders
group, has been working towards an update of the U.S. Army Corps of
Engineers operating plan in the Headwaters area and has requested
additional support from the state for this effort. It has become
obvious that this is a state-wide problem that needs state-wids support
to fing solutions,

Sincerely yours,

Molly MacGregor,
Administrator
cecs Ht:st:sipﬁt Headwaters Board
Ron Nargang
Colonal Roger Baldwin
A-29
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- ¢/Mississippi Headwater§

d Representng Clearwster. Hubbard. Bertrami. Cass. asce. Aitkin. Crow WINg end Mormson 103
Oar Cass County Countnouse. Waiker, MN 56484  218-547.3300 Ext. 263

RESOLUTION OF THE MISSISSIPP! HEADWATERS BOARD

Drawdown Of Headwaters Lakes Reservoirs

WHEREARS, the stated purpose of the Mississippi
Headwaters Board is to formulate plans for the area under its
jurisgdiction, and protect the Upper Mississippi River from
uncontrolled and unplanned development through the
preparation and adoption of a comprehensive management plan
for the river and adjacent lands.

WHEREAS, the Mississiopi Headwaters Board has been asked
to and has been coordinating informational meetings of the
dam tencers of the Mississippi Headwaters dams at Stump Lake,
Cass Lake, Lake Winnibigoshish, Leech Lake and Pokegama.

NOW THEREFORE, BE 17T RESOLVED that the Mississippi .
Headwaters Board opposes the drawdown of Headwaters lakes
reservoirs on the Mississippl River for the purpose of
replenishing water supplies in the Twin Cities metropolitan
area and down river, unless all available conservation
methods have been considered and implemented and the need for
additional water is a necessity for public health, safety and
welfare.

BE IT FURTHER RESOLVED that the Mississippi Headwaters
Board recommends that the State and metropolitan area work
cocperatively with the counties on the Mississippi Headwaters
to develop a plan for water quantity in the event of future

droughts.
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APPENDIX B
RESERVOIR RECOYERABILITY
AND

EXAMPLE PROJECTIONS OF LAKE LEVELS




ILLUSTRATIVE PROJECTIONS OF LAKE LEVELS

The examples and their respective tables are illustrations of the type of
information that would be presented in the actual plates. The following is
a brief summary of the calculation methods used in determining the effects
of various releases from the headwaters reservoirs in a low flow situation.
A rain-free period assumption was made for all three examples.

In illustrative example 1, all reservoirs have a July 1 starting elevation
equivalent to their respective low normal summer pool elevation. This
elevation is converted to its equivalent storage in acre-feet. From this
storage value, evaporation losses are subtrated for the desired period
(option 1), or evaporation losses plus minimum releases dictated by the
current operating plan (option 2), or evaporational losses plus minimum
releases plus any additional releases (option 3). Additional releases are
calculated based on an equal drop in stage (x=0.17 foot) for each reservoir
resulting in discharges totaling 330 cfs.

In illustrative example 2, the large lakes (Winnibigoshish, Leech, and
Pokegama Lakes) have a July 1 starting elevation equivalent to their low
normal summer pool elevations, while the small lakes (Sandy, Pine and Gull
Lakes) are 1 foot below their respective low normal summer pool elevations.

Additional releases are calculated based on an equal drop in stage (x=.20
ft.) for each of the large reservoirs resulting in discharges totaling 330
cfs. The same procedure was followed as in example 1 for each day of the
period. Gull Lake falls to its minimum pool elevation on July 1 and Sandy
falls to its minimum pool elevation on August 18. The operating plan
specifies that when minimum pool elevation is reached in a reservoir,
minimum releases are to be cut by one-half for that reservoir. Minimum
releases are cut in half for Gull and Sandy giving a combined project flow
of only 250 cfs. Therefore, to maintain the desired combined project flow
rate of 270 cfs, an extra 20 cfs was released from Winni.

In illustrative example 3, the initial condition is the reverse of example
2. Additional releases are calculated based on an equal drop in stage
(x=1.16 ft.) for each of the small reservoirs resulting in discharges
totaling 330 cfs. Again the same calculation procedure was followed as in
example 1. Gull Lake falls to its minimum pool elevation on August 4 and
Sandy falls to its minimum elevation on August 21. After these dates, the
minimum releases for Gull and Sandy are cut in half with extra releases
made from Winni to compensate for the difference. For this example,
additional releases are also to be made from Gull and Sandy (120 cfs, 84
cfs respectively) and these are eliminated once Gull and Sandy reach their
minimum pool elevations, hence the combined supplemental discharges total
only 126 cfs. Therefore, to maintain the desired supplemental flow of 330
cfs, an extra 204 cfs was released from Winni. Winni was selected to
supply the extra flows because it has the greatest storage and is the
reservoir furthest from reaching its minimum pool elevation of all six
reservoirs.
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RECOVERABILITY OF LAKE LEVELS

Recoverability of 1lake levels for each of the illustrative examples was
analyzed for five (Winni, Leech, Sandy, Pine, & Gull) of the six headwater
reservoirs. Pokegama Reservoir was not included in the analysis since its
inflows are influenced by releases made from Winnibigoshish and Leech
reservoirs which complicate the analysis to the extent that is beyond the
scope of this study. The following is a brief summary of the calculation
methods used in determining the recoverability of lake levels for the five
remaining reservoirs.

From each of the illustrative examples (1 thru 3) two October 1 elevations
from each reservoir were obtained based on two options (option 2 =
evaporation + minimum releases, option 3 = evaporation + minimum releases +
additional releases). Each October 1 elevation was then converted to its
equivalent volume in acre-feet. Next, the upper and lower normal summer
pool elevations were converted to their respective volumes, again in acre-
ft. The difference between the volume of the reservoir on Oct 1 and the
volume of the reservoir at its lower normal summer pool level is the volume
of water the reservoir needs to recover to its lower normal summer pool.
The same methodology was applied to determine the volume needed for the
reservoir to recover to its upper summer pool. All volumes were then
converted to second-foot-days (SFD), for use with the frequency curves
explained below.

Frequency curves for the period October 1 to May 31 were developed to
determine the probability of a reservoir to recover to its normal summer
pool levels. These curves were developed by adding all inflows for each
October 1-May 31 period for each water year for the period of record of the
reservoir. This process follows standard methods outlined in Bulletin 17B
of the Hydrology Subcommittee’s, Guidelines for Determining Flood Flow
Frequency.

The volumes needed by each reservoir to recover to its normal summer pool
levels were then compared with the frequency curves to determine their
"Percent Chance of Exceedance”. For example, a value of 90% would mean
that there is a 90 percent chance in any given year, with the selected
October 1 starting elevation, that the given ending elevation (upper normal
summer pool or lower normal summer pool) will be reached or exceeded. In
other words, there would be a 10 percent chance that the reservoir would
not be refilled with the given conditions.

Since the frequency curves were not developed to go beyond 98 percent, the
term 98+% used on the plates, reflect that the probability of refilling is
greater than 98 percent in any given year with the given conditionms.

The resulting probabilities are dependent on the starting conditions
(October 1 pool elevation). Different probabilities would be obtained for
different October 1 starting elevations. The resulting plates and their
respective tables are illustrations of the process which would be completed
when determining which types of actions should be taken during a low flow
period requiring releases from any of the Headwaters Reservoirs.
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LAKE WINNIBIGOSHISH PERIOD FROM: JULY 1
------------------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1294.94
UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAIL SUMMER POOL = 1297.94
INCREMENTAL SUMMATION
DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1297.94
-0.17 -0.17
AUGUST 1 1297.77
-0.37 -0.54
SEPTEMBER 1 1297.40
-0.07 -0.61
SEPTEMBER 14 1297.33
-0.09 -0.70
OCTOBER 1 1297.24

OPTION 2: Evaporation plus minimum releases (100 cfs)

JuLy 1 1297.94

-0.26 -0.26
AUGUST 1 1297.68

-0.47 -0.73
SEPTEMBER 1 1297.21

-0.11 -0.84
SEPTEMBER 14 1297.10

-0.14 -0.98
OCTOBER 1 1296.96

OPTION 3: Evaporation & min. releases & additional flows (90 cfs)

JULY 1 1297.94

-0.34 -0.34
AUGUST 1 1297.60

-0.56 -0.89
“"EPTEMBER 1 1297.04

-0.14 -1.03
SEPTEMBER 14 1296.90

-0.21 -1.24
OCTOBER 1 1296.69

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE PERIOD FROM: JULY 1
---------- TO: OCTOBER 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 c¢fs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1292.70

UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50
INCREMENTAL SUMMATION
DATE ELEV CHANGES OF CHANGES
OPTION 1l: Evaporation only
JULY 1 1294.50
-0.25 -0.25
AUGUST 1 1294.25
-0.24 -0.49
SEPTEMBER 1 1294.01
-0.11 -0.60
SEPTEMBER 14 1293.90
-0.15 -0.75
OCTOBER 1 1293.75

OPTION 2: Evaporation plus minimum releases (100 cfs)

JULY 1 1294.50

-0.29 -0.26
AUGUST 1 1294.21

-0.30 -0.59
SEPTEMBER 1 1293.91

-0.14 -0.73
SEPTEMBER 14 1293.77

-0.19 -0.92
OCTOBER 1 1293.58

OPTION 3: Evaporation & min. releases & additional flows (174 cfs)

JULY 1 1294.50

-0.38 -0.38
AUGUST 1 1294.12

-0.41 -0.79
SEPTEMBER 1 1293.71

-0.18 -0.97
SEPTEMBER 14 1293.53

-0.24 -1.21
OCTOBER 1 1293.29

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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POKEGAMA LAKE PERIOD FROM: JULY 1
-------------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 1l: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1270.42
UPPER NORMAL SUMMER POOL = 1273.7
LOWER NORMAL SUMMER POOL = 1273.17

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1273.17

-0.31 -0.31
AUGUST 1 1272.86

-0.31 ~0.62
SEPTEMBER 1 1272.55

-0.13 ~-0.75
SEPTEMBER 14 1272.42

-0.17 ~0.92
OCTOBER 1 1272.25

OPTION 2: Evaporation plus minimum releases (see note)

JULY 1 1273.17

-0.31 ~0.31
AUGUST 1 1272.86

-0.31 -0.62
SEPTEMBER 1 1272.55

-0.13 ~0.75
SEPTEMBER 14 1272.42

-0.17 -0.92
OCTOBER 1 1272.25

OPTION 3: Evaporation & min. releases & additional flows (20cfs)

JULY 1 1273.17

-0.39 -0.39
AUGUST 1 1272.78

-0.39 -0.78
SEPTEMBER 1 1272.39

-0.17 -0.95
SEPTEMBER 14 1272.22

-0.22 -1.17
OCTOBER 1 1272.00

MINIMUM DISCHARGE IS EQUAL TO THE DISCHARGE OF 220 CFS MINUS THE IN-
FLOW OF 220 CFS FROM LAKE WINNIBIGOSHISH AND LEECH LAKE.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.




TIVOS Ol LON SIXV-X ‘d1ON

SAVd NI 9Nl
1100 ¥1 ddS 1 das 1 2nv 1ne
T T T T
—
— NOLLVATTd 700d NANININ —
£ 1d0
2 1do

T 1d0

AINO NOTIVEGGvAS

700d JIRNNS TVIRION JIMOT

700d YINANS TVNION Jdddn

JORMdd JJJd NIV

AUANVS

I ITdNVYXT IALLYHISNTT

ogelel

oo'¥iet

os'viel

oo'siet

og'ciect

00’9121

09'9121

oo'sler

og'Li2t

LTS NI NOLLVATH




SANDY LAKE PERIOD FROM: JULY 1
----------- TO:  OCTOBER1

ILLUSTRATIVE EXAMPLE 1l: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1214.31
UPPER NORMAL SUMMER POOL = 1216.6
LOWER NORMAL SUMMER POOL = 1216.06

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1216.06

-0.30 -0.30
AUGUST 1 1215.76

-0.32 -0.62
SEPTEMBER 1 1215.44

-0.13 -0.75
SEPTEMBER 14 1215.31

-0.17 -0.92
OCTOBER 1 1215.14

OPTION 2: Evaporation plus minimum releases (20 cfs)

JULY 1 1216.06

-0.44 ~0.44
AUGUST 1 1215.62

-0.46 -0.90
SEPTEMBER 1 1215.16

-0.19 -1.09
SEPTEMBER 14 1214.97

-0.28 -1.37
OCTOBER 1 1214.71

OPTION 3: Evaporation & min. releases & additional flows (l2cfs)

JULY 1 1216.06

-0.52 -0.52
AUGUST 1 1215.54

-0.55 -1.07
SEPTEMBER 1 1214.99

-0.23 -1.30
SEPTEMBER 14 1214.76

-0.31 -1.61
OCTOBER 1 1214.45

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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PINE RIVER

ILLUSTRATIVE EXAMPLE 1:

MINIMUM POOL ELEV = 1225.32
UPPER NORMAL SUMMER POOL =

LOWER NORMAL SUMMER POOL

PERIOD

FROM:
TO:

OCTOBER 1

ALL LAKES ARE AT THE BOTTOM OF THEIR
SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

SUMMER OPERATING BANDS.

OPTION 1: Evaporation only

JULY 1
AUGUST 1
SEPTEMBER
SEPTEMBER
OCTOBER 1

1229.6
1229.07
INCREMENTAL
ELEV CHANGES
1229.07
-0.23
1228.84
-0.23
1228.61
-0.10
1228.51
-0.12
1228.39

OPTION 2: Evaporation plus minimum releases (30

JULY 1
AUGUST 1
SEPTEMBER
SEPTEMBER
OCTOBER 1

1229.07
1228.70
1228.33
1228.18
1227.97

-0.37
-0.37
-0.15
-0.21

cfs)

SUMMATION
OF CHANGES

-0.23
-0.46
-0.56
-0.68

-0.37
-0.74
-0.89
-1.10

OPTION 3: Evaporation & min. releases & additional flows (18 cfs)

JULY 1
AUGUST 1
SEPTEMBER
SEPTEMBER
OCTOBER 1

EVAPORATION,

1229.07
1228.62
1228.17
1227.98
1227.72

-0.45
-0.45
-0.19
-0.26

AS USED IN THE PLOT AND TABLE ABOVE,

-0.45
-0.90
-1.09
-1.35

IS THE NET LOSS IN

POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.

DATA REFLECTS OPTIONS UNDER STUDY.
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GULL LAKE PERIOD FROM: JULY 1

----------- TO:

OCTOBER 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR

SUMMER OPERATING BANDS.

SUPPLEMENTAL

DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.
SUMMER BANDS. WINNI, LEECH, & POKE

MINIMUM POOL ELEV = 1192.7S

UPPER NORMAL SUMMER POOL = 1194.0
LOWER NORMAL SUMMER POOL = 1193.75
INCREMENTAL
DATE ELEV CHANGES
OPTION 1l: Evaporation only
JULY 1 1193.75
-0.24
AUGUST 1 1193.51
-0.24
SEPTEMBER 1 1193.27
-0.10
SEPTEMBER 14 1193.17
-0.13
OCTOBER 1 1193.04

SUMMATION
OF CHANGES

-0.24
-0.48
-0.58
-0.71

OPTION 2: Evaporation plus minimum releases (20 cfs)

JULY 1 1193.75

-0.33
AUGUST 1 1193.42

-0.32
SEPTEMBER 1 1193.08

-0.14
SEPTEMBER 14 1192.94

-0.18
OCTOBER 1 1192.76

-0.33
-0.65
-0.79
-0.97

OPTION 3: Evaporation & min. releases & additional flows (16 cfs
--minimum pcol elevation reached on September 14, min.
releases cut by 1/2, no additional releases made.)

JuLy 1 1193.75

-0.41
AUGUST 1 1193.34

-0.31
SEPTEMBER 1 1192.93

-0.17
SEPTEMBER 14 1192.76

-0.18
OCTOBER 1 1192.58

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE,

-0.41
-0.72
-0.89
-1.07

IS THE NET LOSS IN

POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH PERIOD FROM: JULY 1
------------------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfg) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1294.94
UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAL SUMMER POOL = 1297.94

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1l: Evaporation only
JULY 1 1297.94

-0.17 -0.17
AUGUST 1 1297.77

-0.20 -0.37
AUGUST 18 1297.57

-0.17 -0.54
SEPTEMBER 1 1297.40

-0.16 -0.80
OCTOBER 1 1297.24

OPTION 2: Evaporation plus minimum releases (100 cfs + 10 cfs from
Gull after July 1, + 10 cfs from Sandy after August 18).

JuLy 1 1297.94
-0.27 -0.27
AUGUST 1 1297.67
-0.26 -0.53
AUGUST 18 1297.41
-0.22 -0.75
SEPTEMBER 1 1297.19
' -0.27 -1.02
OCTOBER 1 1296.92

OPTION 3: Evaporation & min. releases & additional flows (105 cfs)

JULY 1 1297.94

-0.37 -0.37
AUGUST 1 1297.57

-0.31 -0.68
AUGUST 18 1297.26

-0.27 -0.95
SEPTEMBER 1 1296.99

-0.38 -1.33
OCTOBER 1 1296.61

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE PERIOD FROM: JULY 1
----------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1292.70

UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50
INCREMENTAL SUMMATION
DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1294.50
-0.25 -0.25
AUGUST 1 1294.25
-0.13 ~-0.38
AUGUST 18 1294.12
-0.11 -0.49
SEPTEMBER 1 1294.01
-0.26 -0.75
OCTOBER 1 1293.75

OPTION 2: Evaporation plus minimum releases (100 cfs)

JULY 1 1294.50

-0.29 -0.29
AUGUST 1 1294.21

-0.16 -0.45
AUGUST 18 1294.05

-0.14 -0.5%9
SEPTEMBER 1 1293.91

-0.33 -0.92
OCTOBER 1 1293.58

OPTION 3: Evaporation & min. releases & additional flows (205 cfs)

JULY 1 1294.50

-0.39 -0.39
AUGUST 1 1294.11

-0.23 -0.62
AUGUST 18 1293.88

-0.20 -0.82
SEPTEMBER 1 1293.68

-0.45 -1.27
OCTOBER 1 1293.23

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WTTH OTHER AGENCIES AT A LATER DATE.
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ILLUSTRATIVE EXAMPLE 2:

UPPER
LOWER

OPTION 1:
JULY 1
AUGUST 1
AUGUST 18
SEPTEMBER
OCTOBER 1

OPTION 2:
JULY 1
AUGUST 1
AUGUST 18
SEPTEMBER
OCTOBER 1

OPTION 3:
JULY 1
AUGUST 1
AUGUST 18
SEPTEMBER
OCTOBER 1

PERIOD FROM: JULY 1
TO: OCTOBER 1

SANDY,

WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS.

PINE,

& GULL ARE 1 FOOT BEI.OW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1270.42

NORMAL SUMMER POOL = 1273.7
NORMAL SUMMER POOL = 1273.17
INCREMENTAL
ELEV CHANGES
Evaporation only
1273.17
-0.31
1272.86
-0.17
1272.69
~0.14
1 1272.55
-0.30
1272.25

Evaporation plus minimum
1273.17
1272.86
1272.69

1 1272.55
1272.25

releases (see note)

~0.31
<0.17
~0.14
~0.30

SUMMATION
OF CHANGES

-0.31
-0.48
-0.62
-0.92

-0.31
-0.48
-0.62
-0.92

Evaporation & min. releases & additional flows (20 cfs)

1273.17
1272.78
1272.56
1 1272.38
1272.00

-0.39
-0.22
-0.18
-0.38

-0.39
-0.61
-0.79
-1.17

MINIMUM DISCHARGE IS EQUAL TO THE DISCHARGE OF 220 CFS MINUS THE IN-

FLOW OF 220 CFS FROM LAKE WINNIBIGOSHISH AND LEECH LAKE.
EVAPORATION,

AS USED IN THE PLOT AND TABLE ABOVE,

IS THE NET LOSS IN

POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY.
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.

OPTIONS TO BE CHOOSEN WILL

B-20




SAVA NI IHNLL
1 100 1 dds 81 dnv

TIVOS Ol LON SIXV-X ‘3LON

1 20V 1 1nr

T T T

NOLLVATTH '7100d RNNININ

T T oo'eret

-1 0g'eiet

- oo¥izt

-1 0s¥iect

- 00612t

-1 0g'G6iet

L334 NI NOLLVAITH

-1 009121

100d YANNNS TVINHON JdA01

-1 05'9121

100d YINANS TVIRUON ¥dddn

-1 00°Alet

aorgdd 344 NIV4

AUANVS

¢ INdNVX3 JALLYHLISNT

0s'L12t

B-21




SANDY LAKE PERIOD FROM: JULY 1
---------- TO: OCTOBER 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfa) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1214.31

UPPER NORMAL SUMMER POOL = 1216.6
LOWER NORMAL SUMMER POOL = 1216.06
INCREMENTAL SUMMATION
DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JuULY 1 1215.06
-0.33 -0.33
AUGUST 1 1214.73
-0.18 -0.51
AUGUST 18 1214.55
-0.15 -0.66
SEPTEMBER 1 1214.40
-0.21 -0.87
OCTOBER 1 1214.19

OPTION 2: Evaporation plus minimum releases (20 cfs ~-minimum
pool elevation reached on Aug 18, releases cut by 1/2)

JULY 1 1215.06

-0.47 -0.47
AUGUST 1 1214.59

-0.27 -0.74
AUGUST 18 1214.32

-0.19 -0.93
SEPTEMBER 1 1214.13

-0.42 -1.35
OCTOBER 1 1213.71

OPTION 3: Evaporation & min. releases & additional flows (none)

JULY 1 1215.06

-0.47 -0.47
AUGUST 1 1214.59

-0.27 -0.74
AUGUST 18 1214.32

-0.19 -0.93
SEPTEMBER 1 1214.13

-0.42 -1.35
OCTOBER 1 1213.71

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND M7ASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TC 3E CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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PINE RIVER PERIOD FROM: JULY 1
----------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1225.32
UPPER NORMAL SUMMER POOL = 1229.6
LOWER NORMAL SUMMER POOL = 1229.07

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1l: Evaporation only
JULY 1 1228.07

-0.23 -0.23
AUGUST 1 1227.84

-0.13 -0.36
AUGUST 18 1227.71

-0.11 -0.48
SEPTEMBER 1 1227.60

-0.23 -0.71
OCTOBER 1 1227.37

OPTION 2: Evaporation plus minimum releases (30 cfs)

JULY 1 1228.07

-0.37 -0.37
AUGUST 1 1227.70

-0.21 -0.58
AUGUST 18 1227.49

-0.17 -0.75
SEPTEMBER 1 1227.32

-0.37 -1.12
OCTOBER 1 1226.95

OPTION 3: Evaporation & min. releases & additional flows (none)

JULY 1 1228.07

-0.37 -0.37
AUGUST 1 1227.70

-0.21 -0.58
AUGUST 18 1227.49

-0.17 -0.75
SEPTEMBER 1 1227.32

-0.37 -1.12
OCTOBER 1 1226.95

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, Is THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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ILLUSTRATIVE EXAMPLE 2:

MINIMUM POOL ELEV =
UPPER NORMAL SUMMER
LOWER NORMAL SUMMER

PERIOD FROM: JULY 1
TO: OCTOBER 1

WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

1192.75
POOL = 1194.0
POOL = 1193.75

OPTION 1: Evaporation only

JULY 1
AUGUST 1
AUGUST 18
SEPTEMBER 1
OCTOBER 1

INCREMENTAL SUMMATION
ELEV CHANGES OF CHANGES
1192.75
-0.27 -0.27
1192.48
-0.15 -0.42
1192.33
-0.13 -0.55
1192.20
-0.26 -0.81
1191.94

OPTION 2: Evaporation plus minimum releases (20 cfs--minimum
pool elevation reached on Jul 1, releases cut by 1/2)

JuLy 1
AUGUST 1
AUGUST 18
SEPTEMBER 1
OCTOBER 1

1192.75

-0.33 -0.33
1192.42

-0.18 -0.51
1192.24

-0.15 -0.66
1192.09

-0.32 -0.98
1191.77

OPTION 3: Evaporation & min. releases & additional flows (none)

JULY 1
AUGUST 1
AUGUST 18
SEPTEMBER 1
OCTOBER 1

1192.75

-0.33 -0.33
1192.42

-0.18 -0.51
1192.24

-0.15 -0.66
1192.09

-0.32 -0.98
1191.77

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH

ILLUSTRATIVE EXAMPLE 3:

PERIOD FROM: JULY 1
TO: OCTOBER 1

SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POQL ELEV = 1294.94
UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAL SUMMER POOL = 1297.94

OPTION 1l: Evaporation only

JULY 1
AUGUST 1
AUGUST 4
AUGUST 21
SEPTEMBER 1
SEPTEMBER 10
OCTOBER 1

INCREMENTAL SUMMATION
ELEV CHANGES OF CHANGES
1296.94
-0.17 -0.17
1296.77
-0.04 -0.21
1296.73
-0.22 -0.43
1296.51
-0.14 -0.57
1296.37
-0.06 -0.63
1296.31
-0.12 -0.75
1296.19

OPTION 2: Evaporation plus minimum releases (100 cfs)

JULY 1
AUGUST 1
AUGUST 4
AUGUST 21
SEPTEMBER 1
SEPTEMBER 10
OCTOBER 1

OPTION 3: Evaporation & min. releases & additional flows (+ 130 cfs
from Gull after Aug 4, +94 cfs fron Sandy after Aug 21).

JULY 1
AUGUST 1
AUGUST 4
AUGUST 21
SEPTEMBER 1
SEPTEMBER 10
OCTOBER 1

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE,

1296.94

=0.27 -0.
1296.67

-0.04 -0.
1296.62

-0.28 -0.
1296.34

-0.19 -0.
1296.16

-0.08 -0.
1296.08

-0.23 -1.
1295.85

27
31
59
78
86
09

1296.94

-0.27 -0.27
1296.67

-0.05 -0.32
1296.62

-0.35 -0.67
1296.27

=-0.27 -0.94
1296.00

-0.15 -1.09
1295.85

-0.39 -1.48
1295.46

IS THE NET LOSS IN

POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE PERIOD FROM: JULY 1
___________ TO: OCTOBER 1

ILLUSTRATIVE EXAMPLE 3: SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POOL ELEV = 1292.70
UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1293.50

-0.28 -0.28
AUGUST 1 1293.22

-0.03 -0.31
AUGUST 4 1293.19

-0.16 -0.47
AUGUST 21 1293.03

-0.10 -0.57
SEPTEMBER 1 1292,93

-0.09 -0.66
SEPTEMBER 10 1292.84

-0.19 -0.85
OCTOBER 1 1292.65

OPTION 2: Evaporation plus minimum releases (100 cfs)

JULY 1 1293.50

-0.34 -0.34
AUGUST 1 1293.16

-0.04 -0.38
AUGUST 4 1293.12

-0.19 -0.57
AUGUST 21 1292.93

-0.12 -0.69
SEPTEMBER 1 1292.81

-0.10 -0.79
SEPTEMBER 10 1292.71

-0.22 -1.01
OCTOBER 1 1292.49

OPTION 3: Evaporation & min. releases & additional flows (none)

JULY 1 1293.50

-0.34 -0.34
AUGUST 1 1293.16

-0.04 -0.38
AUGUST 4 1293.12

-0.19 -0.57
AUGUST 21 1292.93

-0.12 -0.69
SEPTEMBER 1 1292.81

-0.10 -0.79
SEPTEMBER 10 1292.71

-0.22 -1.01
OCTOBER 1 1292.49

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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POKEGAMA LAKE PERIOD FROM: JULY 1
-------------- TO: OCTOBER 1

ILLUSTFATIVE EXAMPLE 3: SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POOL ELEV = 1270.42
UPPER NORMAL SUMMER POOL = 1273.7
LOWER NORMAL SUMMER POOL = 1273.17

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1272.17

-0.31 -0.31
AUGUST 1 1271.86

-0.03 -0.34
AUGUST 4 1271.83

-0.17 -0.51
AUGUST 21 1271.66

-0.11 -0.62
SEPTEMBER 1 1271.55

-0.09 -0.71
SEPTEMBER 10 1271.46

-0.21 -0.92
OCTOBER 1 1271.25

OPTION 2: Evaporation plus minimum releases (see note)

JULY 1 1272.17

-0.31 -0.31
AUGUST 1 1271.86

-0.03 -0.34
AUGUST 4 1271.83

-0.17 -0.51
AUGUST 21 1271.66

~0.11 -0.62
SEPTEMBER 1 1271.55

~0.09 -0.71
SEPTEMBER 10 1271.46

-0.21 -0.92
OCTOBER 1 1271.25

OPTION 3: Evaporation & min. releases & additional flows (none)

JULY 1 1272.17

-0.31 -0.31
AUGUST 1 1271.86

-0.03 -0.34
AUGUST 4 1271.83

~0.17 -0.51
AUGUST 21 1271.66

-0.11 -D0.62
SEPTEMBER 1 1271.55

-0.09 -0.71
SEPTEMBER 10 1271.46

-0.21 -0.92
OCTOBER 1 1271.25

MINIMUM DISCHARGE IS EQUAL TO THE DISCHARGE OF 220 CFS MINUS THE IN-
FLOW OF 220 CFS FROM LAKE WINNIBIGOSHISH AND LEECH LAKE.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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SANDY LAKE PERIOD FROM: JULY 1
----------- TO: OCTOBER 1

ILLUSTRATIVE EXAMPLE 3: SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POOL ELEV = 1214.31
UPPER NORMAL SUMMER POOL = 1216.6
LOWER NORMAL SUMMER POOL = 1216.06

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1216.06

-0.30 -0.30
AUGUST 1 1215.76

-0.03 -0.33
AUGUST 4 1215.73

-0.17 -0.50
AUGUST 2. 1215.56

-0.12 -0.62
SEPTEMBER 1 1215.44

-0.09 -0.71
SEPTEMBER 10 1215.35

-0.21 -0.92
OCTOBER 1 1215.14

OPTION 2: Evaporation plus minimum releases (20 cfs)

JULY 1 1216.06

-0.44 -0.44 ‘
AUGUST 1 1215.62

-0.04 -0.48
AUGUST 4 1215.58

=-0.25 -0.73
AUGUST 21 1215.33

-0.17 -0.90
SEPTEMBER 1 1215.16

-0.13 -1.03
SEPTEMBER 10 1215.03

-0.32 -1.35
OCTOBER 1 1214.71

OPTION 3: Evaporation & min. releases & additional flows (24 cfs)

JULY 1 1216.06

-1.03 -1.03
AUGUST 1 1215.03

-0.10 -1.13
AUGUST 4 1214.93

-0.60 -1.73
AUGUST 21 1214.33

~0.15 -1.88
SEPTEMBER 1 1214.18

-0.13 -2.01
SEPTEMBER 10 1214.05

-0.29 -2.30
OCTOBER 1 1213.76

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, 1S THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE. .
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PINE RIVER PERIOD FROM: JULY 1
----------- TO: OCTOBER 1

ILLUSTRATIVE EXAMPLE 3: SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POOL ELEV = 1225.32
UPPER NORMAL SUMMER POOL = 1229.6
LOWER NORMAL SUMMER POOL = 1229,07

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1: Evaporation only
JULY 1 1229.07

-0.23 -0.23
AUGUST 1 1228.84

-0.02 -0.25
AUGUST 4 1228.82

-0.13 -0.38
AUGUST 21 1228.69

-0.08 -0.46
SEPTEMBER 1 1228.61

-0.07 -0.53
SEPTEMBER 10 1228.54

-0.15 -0.68
OCTOBER 1 1228.39

OPTION 2: Evaporation plus minimum releases (30 cfs)

JuLy 1 1229.07

-0.37 -0.37
AUGUST 1 1228.70

-0.03 -0.40
AUGUST 4 1228.67

-0.20 -0.60
AUGUST 21 1228.47

-0.14 -0.74
SEPTEMBER 1 1228.33

-0.10 -0.84
SEPTEMBER 10 1228.23

-0.26 -1.10
OCTOBER 1 1227.97

OPTION 3: Evaporation & min. releases & additional flows (126 cfs)

JULY 1 1229.07

-0.95 -0.95
AUGUST 1 1228.12

-0.09 -1.04
AUGUST 4 1228.03

~0.53 -1.57
AUGUST 21 1227.50

~-0.34 -1.91
SEPTEMBER 1 1227.16

~-0.29 -2.20
SEPTEMBER 10 1226.87

~0.67 -2.87
OCTOBER 1 1226.20

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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GULL LAKE PERIOD FROM: JULY 1
----------- TO:  OCTOBER 1

ILLUSTRATIVE EXAMPLE 3: SANDY, PINE, & GULL ARE AT BOTTOM OF
SUMMER BANDS. WINNI, LEECH, & POKE
ARE 1 FOOT BELOW SUMMER BAND.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
SANDY, PINE, & GULL. NO SUPPLEMENTAL
RELEASES FOR WINNI, LEECH, & POKE.

MINIMUM POOL ELEV = 1192.75
UPPER NORMAL SUMMER POOL = 1194.0
LOWER NORMAL SUMMER POOL = 1193.75

INCREMENTAL SUMMATION

DATE ELEV CHANGES OF CHANGES
OPTION 1l: Evaporation only
JULY 1 1193.75

-0.24 -0.24
AUGUST 1 1193.51

-0.02 -0.26
AUGUST 4 1193.49

-0.14 -0.40
AUGUST 21 1193.35

-0.08 -0.48
SEPTEMBER 1 1193.27

-0.07 -0.55
SEPTEMBER 10 1193.20

-0.16 -0.71
OCTOBER 1 1193.04

OPTION 2: Evaporation plus minimum releases (20 cfs)

JULY 1 1193.75

-0.33 -0.33
AUGUST 1 1193.42

-0.04 -0.37
AUGUST 4 1193.38

-0.18 -0.55
AUGUST 21 1193.20

-0.12 -0.67
SEPIEMBER 1 1193.08

-0.10 -0.77
SEPTEMBER 10 1192.98

-0.22 -0.99
OCTOBER 1 1192.76

OPTION 3: Evaporation & min. relieases & additional flows (120 cfs)

JULY 1 1193.75

-0.90 -0.90
AUGUST 1 1192.85

-0.09 -0.99
AUGUST 4 1192.76

-0.18 -1.17
AUGUST 21 1192.58

-0.12 -1.29
SEPTEMBER 1 1192.46

-0.09 -1.38
SEPTEMBER 10 1192.37

-0.22 -1.60
OCTOBER 1 1192.15

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH
RECOVERABILITY PERIOD  FROM: OCTOBER 1
------------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1294.94 [
UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAL SUMMER POOL = 1297.94

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

-----------------------------------

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1296 .96 1296.96
JUNE 1 1297.94 1298.40

OPTI1ON 3: Evaporation & min. releases & additional flows (90 cfs)
OCTOBEK ! 12¢5.69 1296.69
JUNE 1 1297 .94 1298.40

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH
RECOVERABILITY PERIOD FROM: OCTOBER 1
------------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1294.94

UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAL SUMMER POOL = 1297.94
98+% RECOVER~ 98+% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1296.96 1296.96

JUNE 1 1297.94 1298.40

OPTION 3: Evaporation & min. releases & additional flows (90 cfs)
OCTOBER 1 1296.69 1296.69

JUNE 1 1297.94 1298.40

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE
RECOVERABILITY PERIOD FROM: OCTORBRER 1
............... TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1292.70
UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50

98+% RECOVER- 97% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1293.58 1293.58

JUNE 1 1294.50 1294.90
98+% RECOVER- 90% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER

DATE POOL ELEV. POOL ELEV.

OPTION 3: Evaporation & min. releases & additional flows (174 cfs)
OCTOBER 1 1293.29 1293.29
JUNE 1 1294.50 1294.90

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE
RECOVERABILITY PERIOD FROM: OCTOBER 1
--------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THFIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1292.70
UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50

98+% RECOVER- 97% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

...................................

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1293.58 1293.58

JUNE 1 1294.50 1294.90
98+% RECOVER- 90% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER

DATE POOL ELEV. POOL ELEV.

...................................

OPTION 3: Evaporation & min. releases & additional flows (174 cfs)
OCTOBER 1 1293.29 1293.29
JUNE 1 1294.50 1294.90

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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SANDY LAKE
RECOVERABILITY PERIOD  FROM: OCTOBER 1
---------------- TO:  JUNE 1

ILLUSTRATIV. EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1214.31
UPPER NORMAL SUMMER POOL = 1216.6
LOWER NORMAL SUMMER POOL = 1216.06

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (20 cfs)

OCTOBER 1 1214.71 1214 .71

JUNE 1 1216.06 1216.60

OPTION 3: Evaporation & min. releases & additional flows (12 cfs)
OCTOBER 1 1214 .45 1214 .45
JUNE 1 1216.06 1216.60

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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SANDY LAKE
RECOVERABILITY PERIOD FROM: OCTOBER 1
---------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1214.31

UPPER NORMAL SUMMER POOL = 1216.6
LOWER NORMAL SUMMER POOL = 1216.06
98+% RECOVER- 98+% RECOVER-~-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

- - - —— o ———— - - - — - - - -

OPTION 2: Evaporation plus minimum releases (20 cfs)

OCTOBER 1 1214.71 1214.71

JUNE 1 1216.06 1216.60

OPTION 3: Evaporation & min. releases & additional flows (12 cfs)
OCTOBER 1 1214.45 1214.45

JUNE 1 1216.06 1216.60

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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PINE RIVER
RECOVERABILITY PERIOD FROM: OCTOBER 1
--------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1225.32
UPPER NORMAL SUMMER POOL = 1229.6
LOWER NORMAL SUMMER POOL = 1229.07

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (30 cfs)

OCTOBER 1 1227.97 1227.97
JUNE 1 1229.07 1229.6

OPTION 3: Evaporation & min. releases & additional flows (18 cfs)
OCTOBER 1 1227.72 1227.72
JUNE 1 1229.07 1229.6

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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PINE RIVER
RECOVERABILITY PERIOD FROM: OCTOBER 1
--------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1l: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.

MINIMUM POOL ELEV = 1225.32

UPPER NORMAL SUMMER POOL = 1229.6
LOWER NORMAL SUMMER POOL = 1229.07
98+% RECOVER- 98+% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

-——— - - - - - — - - - —— ————

OPTION 2: Evaporation plus minimum releases (30 cfs)

OCTOBER 1 1227.97 1227.97

JUNE 1 1229.07 1229.6

OPTION 3: Evaporation & min. releases & additional flows (18 cfs)
OCTOBER 1 1227.72 1227.72

JUNE 1 1229.07 1229.6

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.

B-54




SAVd NI 3AILL
1 NOf 1 120

%+88

NOILVAFTH T00d RNNINIR

- 700d YAAAAS TYRYON YAMOT

700d Y4AANS TVRYON ddddN

SASVATAY ANANINIA + NOILVYOdVAd ‘2 NOILLJO

IRy,

I 1dWVYX3 JALLYHLISNT
‘404 HIOAHIS3YH SH3AILVMAV3IH 40 ALNIGVH3IA003Y

R i =7/ 00°2811

0G'2611

oo'esll

os'esll

00'¥811

0S'¥611

J3Ed NI NOLLVAYTI

B-55




GULL LAKE
RECOVERABILITY PERIOD FROM: OCTOBER 1
---------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.
SUMMER BANDS. WINNI, LEECH, & POKE

MINIMUM POOL ELEV = 1192.75
UPPER NORMAL SUMMER POOL = 1194.0
LOWER NORMAL SUMMER POOL = 1193.75

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (20 cfs)

OCTOBER 1 1192.76 1192.76

JUNE 1 1193.75 1194.00

OPTION 3: Evaporation & min. releases & additional flows (16 cfs
--minimum pool elevation reached on September 14, min.
releases cut by 1/2, no additional releases made.)

OCTOBER 1 1192.58 1192.58

JUNE 1 1193.75 1194.00

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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GULL LAKE
RECOVERABILITY PERIOD  FROM: OCTOBER 1
---------------- TO:  JUNE 1

ILLUSTRATIVE EXAMPLE 1: ALL LAKES ARE AT THE BOTTOM OF THEIR
SUMMER OPERATING BANDS. SUPPLEMENTAL
DISCHARGE (330 cfs) IS DETERMINED BY
EQUAL DROP IN STAGE FOR ALL RESERVOIRS.
SUMMER BANDS. WINNI, LEECH, & POKE

MINIMUM POOL ELEV = 1192.75
UPPER NORMAL SUMMER POOL = 1194.0
LOWER NORMAL SUMMER POOL = 1193.75

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (20 cfs)

OCTOBER 1 1192.76 1192.76

JUNE 1 1193.75 1194.00

OPTION 3: Evaporation & min. releases & additional flows (16 cfs
--minimum pool elevation reached on September 14, min.
releases cut by 1/2, no additional releases made.)

OCTOBER 1 1192.58 1192.58

JUNE 1 1193.75 1194.00

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED QUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH
RECOVERABILITY PERIOD  FROM: OCTOBER 1
------------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1294.94
UPPER NORMAL SUMMER POOL =~ 1298.4
LOWER NORMAL SUMMER POOL = 1297.94

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

...................................

OPTION 2: Evaporation plus minimum releases (100 cfs + 10 cfs from
Gull after July 1, + 10 cfs from Sandy after August 18).

OCTOBER 1 1296.92 1296.92

JUNE 1 1297.94 1298.40

OPTION 3: Evaporation & min. releases & additional flows (105 cfs)
0CTuRLR 1 1296.61 1296.61

JUNE 1 1297.94 1298.40

RECOVERABILITY PERCENTAGE A5 LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING T3 GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING SLEVATION VA7IES.

EVAPNORATION, AS USED Il THi PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIUNS TC 1% CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LAKE WINNIBIGOSHISH
RECOVERABILITY PERIOD FROM: OCTOBER 1
------------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1294.94
UPPER NORMAL SUMMER POOL = 1298.4
LOWER NORMAL SUMMER POOL = 1297.94

98+% RECOVER- 98+% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaforation plus minimum releases (100 cfs + 10 cfs from

Gull after July 1, + 10 cfs from Sandy after August 18).
OCTOBER 1 1296.92 1296.92
JUNE 1 1297.94 1298.40

OPTION 3: Evaporation & min. releases & additional flows (105 cfs)
OCTOBER 1 1296.61 1296.61
JUNE 1 1297.94 1298.40

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE
RECOVERABILITY PERIOD  FROM: OCTOBER 1
--------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE OF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1292.70
UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50

98+% RECOVER- 97% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1293.58 1293.58

JUNE 1 1294 .50 1294 .90
96% RECOVER- 84% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER

DATE POOL ELEV. POOL ELEV.

OPTION 3: Evaporation & min. releases & additional flows (205 cfs)
OCTOBER 1 1293.23 1293.23
JUNE 1 1294.50 1294.90

RECOVERABILITY PERCENTAGE AS LISTED ABOVE, REFLECTS THE PROBABILITY
OF REFILLING TO GIVEN ELEVATION. THIS PROBABILITY WILL CHANGE AS
THE STARTING ELEVATION VARIES.

EVAPORATION, AS USED IN THE PLOT AND TABLE ABOVE, IS THE NET LOSS IN
POOL ELEVATION AFTER CONSIDERING INFLOWS AND MEASURED OUTFLOWS.

DATA REFLECTS OPTIONS UNDER STUDY. OPTIONS TO BE CHOOSEN WILL
BE COORDINATED WITH OTHER AGENCIES AT A LATER DATE.
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LEECH LAKE
RECOVERABILITY PERIOD FROM: OCTOBER 1
--------------- TO: JUNE 1

ILLUSTRATIVE EXAMPLE 2: WINNIBIGOSHISH, LEECH, & POKE ARE AT
BOTTOM OF SUMMER BANDS. SANDY, PINE,
& GULL ARE 1 FOOT BELOW SUMMER BANDS.
SUPPLEMENTAL DISCHARGE (330 cfs) IS
DETERMINED BY EQUAL DROP IN STAGE CF
WINNI, LEECH, & POKE. NO SUPPLEMENTAL
RELEASES FOR SANDY, PINE & GULL.

MINIMUM POOL ELEV = 1292.70
UPPER NORMAL SUMMER POOL = 1294.9
LOWER NORMAL SUMMER POOL = 1294.50

98+% RECOVER- 97% RECOVER-

ABILITY TO ABILITY TO

LOWER SUMMER UPPER SUMMER
DATE POOL ELEV. POOL ELEV.

OPTION 2: Evaporation plus minimum releases (100 cfs)

OCTOBER 1 1293.58 1293.58

JUNE 1 1294.50 1294 .90
96% RECOVER- 84% RECOVER-
ABILITY TO ABILITY TO
LOWER SUMMER UPPER SUMMER

DATE POOL ELEV, POOL ELEV.

OPTION 3: Evaporation & m