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1 INTRODUCTION

This report has been prepared by the International Rainy Lake Board of Control (IRLBC) in responseto a
June 12, 2001 letter request from the International Joint Commission (1JC) to provide the Commission with
adetailed report ontheyear 2001 high water event inthe boundary waters of Rainy and Namakan lakes. The
Commission asked the Board to address six specific areas in its report, as noted below:

» adescription of the hydrologic conditions as the situation developed in the spring of 2001,

» anassessment of the actions and decisions taken by the Companies (Boise Cascade Corporation and
Abitibi-Consolidated I ncorporated) and the Board in response to these conditions and their impacts;

» theimpact of the new rule curvesgenerally including actionstaken to target for other than the middle
of the band;

e any physical changes that may have been made since the original 1JC Order which would have
reduced the outflow capacity at the Fort FrancesInternational Falls dam;

e any other information the Board considers relevant;

» any Board recommendations for further action or follow-up by the Board or the Commission.

The Commission’s June 12 letter also requested an interim report addressing the May 24 through May 31
shut-downof the I nternational Falls Power Company’ spowerhouseat International Falls, Minnesota, owned
and operated by Boise Cascade Corporation. This shutdown reduced the outflow from Rainy Lake at the
timewhen inflowsto the lake were at their highest. To addressthisissue, the Board asked Boise to provide
specific information, including a computational assessment of the impacts of the shutdown. The company’s
final response was submitted to the Board under cover dated August 9, 2001, and consisted of their
consultant’ s (KGS Group, Winnipeg, Manitoba) report as well as a separate prepared by company officials.
Information and results from these reports are included herein.

In general, the high water levels in 2001 were due to very heavy and persistent precipitation from the
beginning of April throughto theend of July. Therainfall total for thisperiod over the Rainy-Namakan basin
was the highest since 1948. High water levels were experienced not only on Rainy and Namakan lakes, but
right from their headwaters through these lakes and downstream to Lake of the Woods and the Winnipeg
River.

Sections 2 through 7 of this report addressin turn the six subject areas identified by the Commission, while
Section 8 provides overall conclusions. Figures supporting the text may be found at the end of the report.
Figure 1 is a map of the drainage basin.

2. DESCRIPTION OF THE HYDROLOGIC CONDITIONS IN THE RAINY-NAMAKAN
BASIN ASTHE SITUATION DEVELOPED IN THE SPRING OF 2001

The Rainy-Namakan basin experienced very high water levels and flows during the spring and summer of
2001. This event was driven by extreme amounts of rainfall occurring within two periods, generally from
early April through mid-June and again during the second half of July. Hydrologic conditions at the end of
March in the Rainy-Namakan basin consisted of a near normal water content in the snowpack, normal to
somewhat higher than normal (localized) soil moisture and well below normal base-flow inthe basin’ srivers
and streams. In the United States portions of the basin in northern Minnesota, the National Weather
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Service' s(NWS) March 22, 2001 final Spring Snowmelt Flood Outlook wasforecasting no flooding to minor
flooding for theregion. This outlook was based upon soil and snowpack conditions and is shown in Figure
2.

In April the Rainy-Namakan basin received 117 mm (4.6 in) of rainfall, whichisnearly three timesthe median
amount of 40 mm (1.6 in) and represents the highest April total since 1948. By the end of May the April-
May rainfall totalled 238 mm (9.4 in), which isnearly 2.5 times the median amount of 102 mm (4 in) for this
period and represents the second highest April-May total since 1948. By the end of July the April-July
rainfall totalled 519 mm (20.4 in), which is the highest recorded for the period since 1948. The April-July
rainfall total represented approximately 80% of the normal annual rainfall for the basin. Upstream, intheLac
la Croix basin, rainfall totals and rankings were very similar to the Rainy-Namakan basin, except for being
somewhat less during June and July. The quarter-month rainfall totals for these two basins for 2001 (to
report date) are shown graphically in Figure 3, while rainfall totals and their rankings for the ten highest
ranked years since 1948 are shown in Figure 4. (A legend for Figure 3 can be found after the final Figure.)

In response to this rainfall, Namakan Lake inflows rose from 50 m¥/s (1,770 ft¥s, a1 in 10 year low value)
inearly April to 325 m¥s (11,480 ft*/s) by April 15 (maximum of record for that date) and eventually peaked
near 800 m*/s (28,250 ft3/s) in late May. Average inflow to Namakan L ake was the second highest since
1957 for the April-May time period and highest since 1957 for the April-Juneand April-August time periods,
asshownin Figure 5, which comparesthe 10 highest ranked Namakan and Rainy Lakeinflows, respectively,
for these time periods (note that Rainy inflow data is available since 1912, while Namakan data is only
available since 1957). Dueto these high inflows, Namakan Lake rose sharply. Fromitsinitia level in early
April at the three-quarter point within the operating band defined by the 1 JC, it reached the upper rule curve
of thisband by mid-April, continued rising along the upper rule curveto theend of April, and then rose above
the band on May 1. Namakan Lake rose above the 1JC upper emergency level of 340.95 m (1,118.6 ft) on
May 17, and then rose above the 1JC “all gates open” level of 341.1 m (1,119.1 ft) on May 22, peaking at
elevation 341.45m(1,120.23 ft) on May 30. Thislevel wasthe highest seen onthe lake since 1968, the ninth
highest level since 1912, was 50 cm (19.7 in) above the | JC upper emergency level (the highest point on the
upper rule curve) and was 35 cm (13.7 in) above the 1JC “all gates open” level. A ranking of the 10 highest
Namakan Lake annual levels since 1912 is shown in Figure 6. Declining from May 30, the lake returned to
its “al gates open” level on June 17, after 27 days above this point, and declined further to its upper
emergency level on June 21, after 36 days above this point. After 54 days above the upper rule curve, the
lake declined back within its operating band on June 24, where it remained until very heavy rainfall in late
July caused arapid increase in inflow. This resulted in lake levels that exceeded the upper rule curve for a
further 27 days from August 1 through 27. The maximum deviation above the upper rule curve during
August was 18 cm (7 in), but the upper emergency level was not exceeded in August. The heavy late July
rainfall essentially resulted from one storm that deposited widespread amounts of 50-125 mm (2-5 in) over
the region, with up to 170 mm (6.7 in) in some locations. Following the August rise, the level of Namakan
Lake remained near the middle portion of its band (to report date). A graphical representation of Namakan
Lakelevels, net inflow and outflow isshown in Figure 7. (A legend for the Namakan level and flow graphs,
and for other similar graphs for other sites, can be found after the final Figure.)

Rainy Lake inflows also rose very quickly in response to the rainfall. From only 107 m*/s (3,780 ft¥/s, a1
in 20 year low value) in early April, they reached near 700 m%s (24,720 ft3/s) by mid-April (maximum of
record for that date) and 1,380 m*/s (48,730 ft¥/s) by late May. Average inflow to Rainy Lake was the
highest since 1912 for the April-May time period, second highest since 1912 for the April-June time period
and third highest since 1912 for the April-August time period as shown in Figure 5. Fromitsinitial level in
early April, just below the mid-point of its IJC operating band, the lake rose above its upper rule curve on
April 16, rose aboveits|JC upper emergency level of 337.75m (1,1108.1 ft) on May 21, rose above its |JC
“al gates open” level of 337.90 m (1,108.6 ft) on May 24, and kept rising, peaking at elevation 338.24 m
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(1,109.71 ft) on June 9. Thiswasthe highest level reached since 1968, the seventh highest since 1911, was
49 cm (19.3 in) above the 1JC upper emergency level (the highest point on the upper rule curve) and was 34
cm (13.3in) above the |JC “all gatesopen” level. A ranking of the 10 highest Rainy Lake levels since 1911
isshown in Figure 6. Declining from June 9, the lake returned to its “all gates open” level on June 30, after
38 days abovethis point, and declined further to its upper emergency level on July 4, after 45 daysabovethis
point. Rainy Lake was amost two weeks later than Namakan Lake in declining back within its operating
band, but did so by July 5, having been above its upper rule curve for 80 days. Aswith Namakan Lake, the
level of Rainy Lake also remained within its band until the very heavy rainfal in late July caused a rapid
increaseininflow and resulted inlakelevelsthat exceeded both the upper rule curve and the upper emergency
level for 19 days from August 1 through 19, and exceeded the 1JC “al gates open” level for 8 days from
August 3 through 10. The maximum deviation above the 1JC upper emergency level and upper rule curve
during August was 19 cm (7.5 in), while the maximum deviation above the 1JC “all gates open” level during
August was 4 cm (1.6 in). Following the August rise, the level of Rainy Lake remained near the middle
portion of its band (to report date). Rainy Lake levels, net inflow and outflow are shown graphically in
Figure 8.

Water levels and flows along the Rainy River were impacted not only by the very high outflow from Rainy
Lake, but also by the high flows from local tributaries. The maximum flow recorded in 2001 in the Rainy
River at Manitou Rapids was 1,693 m*/s (59,790 ft*/s) on May 25. The combined flow of the Big and Little
Fork rivers peaked on April 14 at 731 m¥/s (25,810 ft%/s), but rose again to 571 m*/s (20,160 ft%/s) on May
25 inresponseto another period of heavy rain. Thevery heavy rainfall experienced over the Rainy-Namakan
basin in late July produced only a moderate rise in the combined flow of the Big Fork and Little Fork rivers
(to 147 m*/s or 5190 ft¥s). The outflow increases from Rainy Lake in response to this heavy rainfall
provided the bulk of the flow recorded (1,254 m®/s or 44,280 ft*/s) during a secondary peak of the Rainy
River at Manitou Rapidsin early August. Thisearly August rise, athough substantial, produced flows and
river levels well below those recorded in May. As aresult of the high May flows, the Rainy River rose to
levels not seen since 1974, with the level below the Fort Frances - International Falls dam peaking at 332.05
m (1,089.40 ft) on May 25 and the level of the Rainy River at Manitou Rapids peaking at 329.53 m (1081.1
ft). Following the August rise, the level of the Rainy River fell to and remained near median levels (to report
date). Graphical representations of Big Fork River, Little Fork River and Rainy River (at Manitou Rapids)
flows are shown in Figure 9, while Rainy River levels below Fort Frances and at Manitou Rapids are shown
in Figure 10.

In summary, the high water levels and flows experienced by the Rainy-Namakan system in 2001 were due
to very heavy and recurring precipitation from the beginning of April through to the end of July. These
conditions existed not only on Rainy-Namakan, but extended along the main stem of the Winnipeg River
basin, fromthe headwaters above Rainy and Namakan (including Basswood Lake and Lac laCroix) through
to Lake of the Woods (below Rainy Lake) and down the Winnipeg River into the Province of Manitoba.
These wet conditionswerein marked contrast to most river basinsto both the west and the east of thisarea,
which experienced drier than normal conditionsin 2001. On Rainy and Namakan lakesthe 2001 levelswere
the highest since 1968 and exceeded the upper emergency and “al gates open” levels for both lakes as
defined by the IJC. On Lake of the Woods and downstream along the Winnipeg River, the 2001 levelswere
the highest since 1950, whichisat or near the flood of record for thearea. Figure 11 shows graphically how
the peak levels experienced in 2001 on Lac la Croix (not regulated), Namakan Lake and Rainy Lake
compared to “normal” summer levels and to the historic peaks for these lakes.
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3. ASSESSMENT OF THEACTIONSAND DECISIONSTAKENBY THE COMPANIESAND
THE BOARD IN RESPONSE TO THESE CONDITIONSAND THEIR IMPACTS

31 Actions and Decisions

On balance, and in the Board’ s viewpoint, hydrologic conditions in the Rainy-Namakan basin leading up to
the beginning of April tilted toward concern over the potential for a below normal spring snowmelt runoff
ashad occurred the previousyear. The primary factorsin this concern werethe very low lake inflow, below
normal snowpack through early February and the NWS March 22, 2001 Spring Snowmelt Flood Outlook,
forecasting no flooding to minor flooding for the region. There were no indicators of the extreme rainfall
amounts that would occur from April through the end of July.

On February 8, given the very low inflow to Rainy and Namakan lakes and the potential for a below normal
snowmelt runoff based upon early February indications, the Board directed the Companiesto target Namakan
Lakelevelsfor the middle of the upper quarter of itsband at the end of Marchand to target Rainy Lakelevels
for the middle portion of its band at the end of February and then the middle of the upper quarter of the its
band at the end of March. These targets were subject to review and change as warranted by future change
in basin conditions. Under the new 1JC Order*, both lakes are normally targeted for the middle portion of
their respective 1JC rule curve bands, unless otherwise directed by the International Rainy Lake Board of
Control. Given the apparent low risk of spring flooding, the IRLBC exercised itsauthority to move the end-
of-winter target levelshigher inorder to provide environmental benefits, such asimproved water levelsduring
the spring fish spawning period. On February 28, dueto significant additional precipitation in the basin since
February 8 and consequent concerns raised by the Companies, the targets were adjusted downward. The
Namakan target was lowered to 75% of band by the end of March, while the Rainy target was lowered back
to the middle portion of the band as specified in the new Order. The targets were reviewed again on March
6, during the Board’ s annual meeting with the Companiesin the basin, and left unchanged. High runoff from
combined snowmelt and very heavy precipitation commenced near the end of the first week in April. The
well above normal rainfall continued through to mid-June, fell below normal inthe later half of Juneand early
July, and then returned to well above normal from mid-July into August. Dueto this, the aready high runoff
inearly April continued to increase to apeak in late May, then declined to the normal range in July, but rose
to asecond (but lower) peak in early August, after which it declined back to the normal range by mid to late
September. The inflows to Namakan Lake and Rainy Lake are shown on Figures 7 and 8 respectively.

On Namakan Lake, the Companies responded to the first rapid increase in inflows by pulling the first stop-
logsfromthe dams at Kettle Fallson April 9. All dluices were flowing by April 17, and the damswere fully
open by May 2, well before the 1JC “all gates open” level wasreached (May 22) and thusin compliance with
the1JC Order. However, theinflows significantly exceeded the outflow capacity of the dams until late May,
and so the lake level rose. Figure 7 shows how quickly and significantly the outflow was increased in
response to the rising inflow. It also shows how the outflow capacity is limited by the level of the lake.
When thefirst sluiceswere opened, the graph showsthat the outflow increased very rapidly. However, even

! Following an extensivestudy by the IRLBC, the|JC issued a Supplementary Order dated January 5, 2000
whichimplemented new “rulecurves’ for Rainy and Namakan lakes, directed the Companiesto normally target
for the“middle portion” of the operating band defined by these rule curves, and gave the IRLBC authority to
direct the Companies to target dsewherein the band. With this Order, the previous rule curves implemented
in 1970 were replaced, and operational flexibility within the band was transferred from the Companies to the
Board, although in fact this had been severely constrained in recent years by new constraints imposed under
Boise soperating licence. Under thislicence, FERC had required Boisetotry to have both lakes at their upper
rulecurvesinthe early spring period. On February 28, 2001, anew 1JC Consolidated Order became effective
which embodied the “new” or Year 2000 rule curves and directions.
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after all but three logs had been removed from the dam on April 24, it can be seen that the outflow continued
toincrease at asteady rate asthelakelevel roseto itspeak. Oncethelake level peaked inlate May and then
declined through June, it can be seen that the outflow declined with the lake level, although al sluices
remained open until late June when the lake level was about to re-enter the 1JC operating band. At thispoint
the companies closed sluicesin order to keep thelakelevel within the band, and the outflow fell more sharply
into mid-July. When inflows increased again in early August, outflowswere very quickly increased again by
the companies, as shown by the steepness of the outflow graph, and in compliance with the 1JC Order. The
lake level did not rise as high as the first peak, due to the inflow being less.

On Rainy Lake, as with Namakan, the companies responded to the rising inflows in April by quickly
beginning to increase the outflow from the lake. Outflow more than tripled within 5 days of the initial April
6-7 rainfall, and thirteen of the 15 available gates at the International Falls - Fort Frances dam were open by
April 24. Two of these gates had to be subsequently closed because of low forebay levelsjust upstream of
the dam, endangering the ability of the Abitibi-Consolidated mill to withdraw water for emergency fire
control needs. Dueto restrictionsin the river channel near the lake outlet, at Pither’s Point and elsewhere,
the upper Rainy River cannot deliver to the dam al of the water that the dam could release until the lake is
at higher levels. Opening dam waste gates, in excess of the river’s ability to convey water to the dam,
unnecessarily lowers the forebay level, while providing little or no increase in outflow. The companies
continued to open gates, as possible asthe lake level rose, and all were fully open by May 16, well beforethe
1JC “al gates open” level was reached (May 24) and thus in compliance with the 1JC Order. Nevertheless,
withinflowsrising quickly and soon exceeding the amount of water that could be released through the dam,
the lake level continued to rise. Figure 8 showsthat the outflow from Rainy Lake initially increased rapidly
asgateswere opened, but then continued to rise at aslower rate, asthelakelevel rose, in spite of more gates
being opened. Thiswas due to the limited flow capacity of the upper river. Figure 8 aso shows the rapid
response of the companiesin increasing outflow in early August in response to the second abrupt increase
in inflows. However, this time the Companies were not quite in compliance with the 1JC Order in that
equipment breakage caused a delay in getting the last two of the 15 gates fully open. The lake was above
the “all gates open” level from August 3 through 10, but at the start of this period 13 gates were fully open
and the other two partially open. Abitibi undertook repairswith all possible haste and had 14 gatesfully open
by August 7 and all 15 gates fully open by August 14.

An emergency situation developed at the Internationa Falls powerhouse on May 24. According to Boise,
the tailrace water elevation at the powerhouse had been rising as much as 0.5 inches (1.3 cm) per hour for
several days preceding the 24™ and began coming up through floor cracks and drains in the hydro building
which houses the turbines and electrical generators. Boise Cascade took immediate action to plug and
sandbag the cracks and drains and installed additional sump pumps to handle the influx of water into the
powerhouse. The tailrace level continued to rise throughout the afternoon of the 24", with additional
intermittent seepage through thefloor cracks. Vibration and undulation of the hydro building floor wereaso
observed by hydro personnel. Company officials were concerned that continued uplift force fromthe rising
tailrace level could result in a structural failure of the floor, or inundation of the electrical generators with
aresultant major electrical fault. Such afault would have posed a serious safety hazard to hydro personnel
and could have resulted in alengthy shutdown of the 7 turbines at the powerhouse, resulting in atotal loss
of discharge capacity from the powerhouse at atime when Rainy Lake inflow was at its peak. These risks
were deemed unacceptable by the company and hydro units 1, 2, 3 and 4 were de-energized and shut down
by about 3:00 p.m. on May 24. With the continued rise of the tailrace level, hydro units 5, 6 and 7 were
subsequently de-energized and shut down by about 7:20 am. on May 25. The Board was notified by the
company, early on May 25, of its decision to shut down the powerhouse. By the evening of May 30 the
tailrace level had dropped about 25 cm (10in) and the company began bringing their hydro unitsback online.
Several of the generating units sustained somewetnessto their electrical field windings, requiring drying, but
this was accomplished and all 7 units were operating at 100% of gate by 5:15 p.m. on the 31°.
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Inthe aftermath of the powerhouse shut-down and to enable the Board to respond to the Commission’ sJune
12, 2001 request for a detailed written report on this year’s high water event and an interim report on the
powerhouse shut-down, the Board requested on June 11 (with an advance copy of the Commission’s June
12 letter) that Boise Cascade provide the following:

» anexplanation asto why the powerhouse had to be shut down in 2001 when it had stayed running
during past events with higher tailwater levels,

» anassessment of what could be doneto prevent future powerhouse shutdowns under conditions of
high tailwater;

» Boise Cascade's plans (with time-line) to rectify this situation in the future;

* acomputational assessment, for Board review, of how much Rainy Lake water was held back by the
shutdown and how much the lake rose as aresult. The resultant lake level and discharge should be
modelled for three scenarios:

* with the powerhouse shutdown as occurred;

» if no powerhouse shutdown had occurred;

* with no powerhouse shutdown and with the old turbine outflow capacities, prior to turbine
rehabilitation intheearly 1990’ s (thisthird scenario was to allow assessment of the fact that, to
some extent, the greater flow capacity of the refurbished turbines was a positive compensating
factor in this event).

To deal with some of this work, and especially the modelling work, Boise Cascade enlisted the help of its
engineering consultant, KGS Group (Winnipeg, Manitoba). Further, Boise asked KGS to model the
resultant Rainy Lake level and discharge for two additional scenarios:

» if the old 1970 rule curves were still in place on Namakan Lake, and the end-of-March target level
had been the mid-point of the old rule curve band;

» iftheend-of-Marchtarget level on Namakan L ake had been the mid-point of the new 2000 rule curve
band instead of the 75 percent point within this band as directed in 2001 by the IRLBC.

This latter scenario was one that the Board had planned on modelling itself.

There were several delays in the completion of the company’s final reports, due to data errors found in the
course of the computational assessment that needed to be corrected and additional work by the company’s
consultant inresponseto Board review commentson the consultant’ sinitial draft report. Boise' sinitial draft
response was submitted to the Board under cover dated July 24, 2001 and the final response was submitted
under cover dated August 9, 2001. It consisted of a KGS report dealing with the computational aspects of
the work and an assessment of proposed measures to prevent future shut-downs, and a separate report,
prepared by company officials, dealing with an explanation for the powerhouse shut-down and Boise' s plans
to rectify the situation. Based upon the Board's brief review of the KGS report, the consultant’s findings
appear to be reasonable. The report prepared by the company is believed by the Board to be an accurate
representation of the facts as known by the company. Both reports are listed in the References.

3.2  Assessment of Actionsand Decisions

End-of-Winter Lake Level Targets

After reviewing its decisions regarding the targeting of Rainy and Namakan lake levels this past spring, the
Board believes its decisions were proper in light of the hydrologic conditionsthat existed in early February,

the additional basin precipitation through the end of March and the concerns expressed by the companies.
The decision was also tempered by the poor early spring runoff of the previous year and the Board's very
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successful use of targeting above the middle portion of the band in dealing with that situation, which
prevented below normal spring water levels on both lakes in 2000.

On Namakan Lake, if an end-of-March target level in the upper quarter of the 1JC band is likely to be
desirable, the decisionto move inthisdirection must be made by early February. Dueto the downward slope
of the 1JC band, if the lake level continues to follow the middle portion of the band beyond this time-frame,
the level will fall lower than the possible end-of-March target, which would mean that the lake level would
possibly have to be raised later in February-March in order to meet a higher target level (see Figure 7).
Raising water levels under ice cover conditions can be very harmful. (For example, the lifting forces of ice
adhered to crib docks and boathouses displaces and damages these structures.) Thus, given the basin
conditionsin early February, the apparent low risk of snowmelt flood, and the desirability of having higher
spring levels when possible for environmental reasons, the decision was made at that time to start holding
the level of Namakan Lake above the middle portion of the band. Then, late in February, with more snow
having fallen, the target level was moved downward somewhat (from 88% of band to 75% of band) in
recognition of the additional water content to produce runoff. Thistarget was maintained through to the end
of March, based on the water content of the snow being determined to be not above normal, low base flow
inlocal rivers, and modelling results from the rule curve study which had showed that higher end-of-March
levels on Namakan were not likely to significantly raise the peak level of the lake if high inflows did occur.

On Rainy Lake, due to the lesser slope of the 1JC band, it is not necessary to start holding the lake level
higher in the band as early in the season in order to avoid raising the level later to meet an end-of-March
target level above mid-band. Thus, while ahigher end-of-March target level seemed desirable and possible
on Rainy in early February, there was no need to take action at that time. Thus only an intent was stated,
depending on conditions. Later, with the extrasnowfall on the ground, the concerns of the Companies, and
recognizing the more significant impact of end-of-March level on an ultimate peak level on Rainy compared
to Namakan, the decison was made to hold with the default target of “middle portion of the band”.
However, with water content of the snowpack determined to bein the normal range and with low base flows,
it was not deemed necessary to draw the lake level any lower than the middle portion.

Making adecisionto target higher or lower on both lakesinthe spring carriesuncertainty, becauselong-term
forecasts of future precipitation amounts are highly inaccurate beyond even a few days with current
technology. Thepeak highwater levelsin 2001 on both lakes resulted from the highly unusual and excessive
precipitation that occurred within the Rainy-Namakan basin in April and May. Similar or worse conditions
of high water than those of 2001 have occurred in the past and will undoubtedly occur again in the future,
under extreme hydrologic conditions, irrespective of any actionstaken by the Companiesor the Board. The
modelling conducted by KGS indicated that the peak level of Namakan Lake would have been virtualy the
same, and the peak level of Rainy Lake would have been about 1 in (2.5 cm) lower than the level actually
reached, if the Namakan Lake end-of-March target level had been mid-band instead of 75% of band as
directed by the IRLBC.

Response to Rapidly Increasing Inflows

TheBoard carefully reviewed the adequacy and timeliness of the response by the Companiesand itself to the
extremely rapid risein inflow to both lakes this spring, beginning in early April. Throughout the high water
event, the Board and Companies maintained close communication on all actions taken. Initia increasesin
discharge from the dams at the outlets of Rainy and Namakan lakes were aimed at containing both lakes
within their respective 1JC bands. Asrainfal, heavy at times, continued through April and May, discharges
were increased until the dam at the outlet of Rainy Lake was nearly wide-open by April 24 (13 of 15 gates,
al 15 by May 16) and the dams at the outlets of Namakan Lake were fully open by May 2. On both lakes
the dams were fully opened prior to exceeding the 1JC “all gates open” level, in compliance with the [JC
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Order. The outflows from both lakes were ramped up quickly, but at reasonableratesin light of the limited
hydraulic capacity of the Kettle Fallsdams at low lake levels, the hydraulic constraint imposed by the natural
flow control at Pither’s Point, the unpredictability of the volume and the timing of the inflow yet to come,
and the impact on downstream interests. Rainy and Namakan lakes were experiencing very high inflow at
the sametimethat the Rainy River below International Falls- Fort Franceswas experiencing extremely heavy
runoff. lce cover was still a factor along portions of the Rainy River and especialy at its mouth on the
relatively constricted Four Mile Bay of Lake of the Woods. There was concern that the increased flows
could lead to a significant ice jam as had occurred severa years ago. Based upon these factors, the Board
found that the actionstaken by the companiesand itself regarding outflow increaseswere consistent with the
intent and letter of the |JC Order. Overall, the Board’ s review concluded that no appreciable improvement
could have been made in the handling of the event, given the information available at the time.

International Falls Powerhouse Shutdown

The shut-down of the International Falls powerhouse beginning on May 24 and ending on May 31
contributed anincremental increasein the peak water level reached thisyear on Rainy Lake. Theconsultant’s
report found that the powerhouse shut-down caused the level of Rainy Laketo rise approximately 2.5in (6.4
cm) more than it would have if the shut-down had not occurred. The report noted that the loss of some
7,000 ft3/s (200 m*/s) in discharge capacity at the powerhouse, during the shut-down, actually resulted in a
loss of only about half that amount in reduced lake outflow capacity due to compensating hydraulic factors
in the response of the river and discharge facilities on the Canadian side of the dam in Fort Frances. The
report also found that theincreased powerhouse discharge capacity fromturbine upgradesinthe early 1990's
resulted in the 2001 peak Rainy Lake level being 2.5 inches lower than it would have otherwise been,
assuming the shutdown in both cases. Further, the report found that, if the old turbines were still in place,
the peak level in 2001 would have been about 1 in (2.5 cm) higher than actually occurred, even if there had
been no shutdown with the old turbines. Thusthe modelling indicated that the peak level reached on Rainy
Lakein 2001, evenwith the shutdown, waslower than what would have occurred if Boise hadn’t refurbished
its turbines.

The Board reviewed Boise's written report providing background information on the powerhouse and its
operation aswell asan explanation of their actions concerning the shut-down of the powerhouse. The Board
believes that the company reacted swiftly and appropriately to shut down the powerhouse under the
circumstances in 2001, given the very real safety hazard to hydro personnel of a major ground fault and
potential for structural damage to the powerhouse. Structural damage, or electrical shorting of the
generators, could have resulted in an extended powerhouse shut-down and the associated loss of discharge
capacity for a period significantly greater than aweek. The Board believes that the length of the shut-down
was minimized by the timely actionstaken by Boise. The Board is satisfied with the company’s explanation
of its actions and reasons for the powerhouse shut-down.

TheBoard also asked Boise for an explanation of why the powerhouse had been able to stay running in past
high water events when the tailrace water level had been even higher than in 2001. The tailrace level had
been about 40 cm (15.7 in) higher in 1950 and about 25 cm (9.8 in) higher in 1974 with no apparent
problems. Initsreport, the company was not able to offer a suitable explanation for this situation, citing a
lack of availability of hydro personnel associated with Boise' s hydro operation in 1950 and 1974, and alack
of any records, log books, reports or any other documentation that would provide insight asto the physical
conditions, mitigation measures or risk assessments made at that time. Inits explanation, the company took
the position that, without such information, it could not know the physical circumstances or risk assessment
decisions made in 1950 and 1974, but that it dealt with the situation at-hand using its best engineering and
management judgement. In reviewing theinitial draft of the company’s report, the Board pointed out that
such acomplete lack of any documentation of past hydro operations did not seem reasonable. The company
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reiterated its position, as outlined in its report, that essentially this was the best information they could
provide, and so the Board has presented it in this report.

Finally, in response to the Board’ srequest, Boise' s consultant identified and recommended several areas for
an initial study phase to address the risks created by high tailrace levels. These areas, dealing with the
structural integrity of the generator hall floor, flooding of the powerhouse, generator pit dewatering and
estimation of tailrace levels, are outlined in detall on pages 25-26 of the KGS Report. Asdiscussed on page
5 of the company’ sreport, the company intendsto hire aconsultant to carry out the KGS recommendations.
This process is expected to start in the fall of 2001 and be completed by June 30, 2002, with the 1JC being
advised of the consultant’ s findings by July 31, 2002. Based upon the study results, the company plans to
develop measures, appropriate to the potential level of risk, to deal with future floods. The Board concurs
with Boise's proposed plan of action and believes it to be sound.

4, IMPACT OF THE NEW RULE CURVESGENERALLY, INCLUDING ACTIONSTAKEN
TO TARGET FOR OTHER THAN THE MIDDLE PORTION OF THE BAND

Overall, the impact of the new Y ear 2000 1JC rule curves for Rainy and Namakan lakes in an extreme high
water year like 2001 isrelatively minor, when compared to what the impacts on lake levelswould have been
under the 1970 1JC rule curves. In revising its Order for the lakes in 2000, the 1JC recognized that the
change would result in a dlight increase in flood risk in order to achieve an improved balance in lake level
management, particularly for environmental purposes such as the fishery. It was aso recognized in the
Board' s October 26, 1999 Final Report on the “Review Of The 1JC Order For Rainy And Namakan L akes”
that differencesin peak lake levels between the 1970 and 2000 1 JC rule curveswould be small for large flood
events such asthisyear’ sevent. That report also recommended atrial period of at least 10 years under the
new |JC Order in order to gather a variety of data over a sufficiently long time period so as to have an
adequate base of information from which to be able to draw meaningful conclusions from a comprehensive
assessment.  Asfinally implemented by the Commission, the new Order is subject to review in 15 years or
as otherwise determined by the Commission. Inaddition, the Board' s 1999 Final Report recommended that
the resource management agencies with responsibilities in the Rainy-Namakan basin implement monitoring
programs to collect the necessary environmental data with which to make a future assessment of any
environmental benefits and adverse impacts under the new 1JC Order. The IJC has encouraged this effort
and should continue to do so.

Inasmuch as the 2001 event occurred in only the second year under the new rule curves, represented an
extreme event, did not result in levels or flows unanticipated by the extensive study upon which the new
Order was based, and the necessary comprehensive environmental data monitoring is not yet in place, the
Board determined that it would be prematureto performadetailed assessment of impactsof thenew 1JC rule
curves. Rather, the Board believesthat asimple comparison of peak levelsunder thetwo rule curveregimes,
inresponseto the actual 2001 inflows, is adequate at thistime. On Namakan Lake, the mid-point of the 1JC
operating band at the end of March is 90 cm (35.4 in) higher with the 2000 rule curves than it was with the
1970 rule curves, and the 75% point with the 2000 rule curvesis 108 cm (42.7 in) higher than the 50% point
of the 1970 rule curves. On Rainy Lake, thereisvirtually no difference in the two sets of rule curves at the
end of March. The KGS modelling work found that, if Namakan Lake had been at 50% of its 1970 rule
curvesinstead of at 75% of the 2000 rule curves at the end of March (i.e. starting nearly 43 inches lower),
and with Rainy Lake at its 50% point as it actually was (no difference in rule curves), the level of Namakan
Lake would have peaked about 1 in (2.5 cm) below its 2001 peak and the level of Rainy Lake would have
peaked about 3in (8 cm) lower thanits2001 peak. Althoughthese differencesarereatively small, they most
likely overestimate the difference that would actually have occurred. Thisis due to the fact that Namakan
Lakewasonly rarely drawn down to the mid-point of its band with the 1970 rule curves. The 30-year mean
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end-of-March level on Namakan Lake (ending in 1999) was 18 cm (6.9 in) above the 50% point, and in the
last 10 years under the 1970 rule curves (1990-99), the mean end-of-March level was47 cm (18.4 in) above
the 50% point (the 1990-99 minimum end-of-March level was 37 cm or 14.4 in above this point).

The issue of the Board targeting for an end-of-March level at the 75% point in the 2000 rule curve band
instead of the 50% point in the same band has been discussed fully in section 3.2. The differencein elevation
on Namakan L ake between these two pointsis19 cm (7.3 in). The KGS modelling work found that the peak
level on Rainy Lake in 2001 would have been about 1 in (2.5 cm) lower if Namakan had started at 50% of
band instead of 75% of band.

5. PHYSICAL CHANGES THAT MAY HAVE BEEN MADE SINCE THE ORIGINAL 1JC
ORDER, WHICH WOULD HAVE REDUCED THE OUTFLOW CAPACITY AT THE
FORT FRANCESINTERNATIONAL FALLSDAM

Asdiscussed in Sections 3.1-3.2, the Board asked Boise Cascade for an explanation of why the powerhouse
had been able to stay running in past high water events when the tailrace water level had been even higher
than it wasin 2001. Thetailrace level had been about 40 cm (15.7 in) higher in 1950 and about 25 cm (9.8
in) higher in 1974 with no apparent problems. When this situation developed in late May, the only apparent
explanation was that perhaps there had been changesto Boise' soutlet worksthat resulted in lowered outlet
capacity. The only factor of which the Board was aware was related to the turbine rehabilitation at Boise's
powerhouseinthe early 1990's. However, theimproved efficiency of the new turbines actually increased the
outlet capacity and was a positive compensating factor in the 2001 event. Asdiscussed in Section 3.2, the
company was not able to provide an explanation. There are no known physical or structural changes, apart
from the normal minor ones that apply to any such aging structure. Thusthis question remains unanswered
and, without company records documenting the circumstances of hydro operationsin 1950 and 1974, it may
never be satisfactorily answered.

6. OTHER INFORMATION THE BOARD CONSIDERS REL EVANT

6.1 Communications
Administrative

Throughout the course of this year’s high water event, Board staff were in frequent contact with Boise
Cascade and Abitibi-Consolidated dam operators regarding decisions and actions taken on lake levels and
outflow. Board staff also provided frequent updates on conditions to staff of the IJC. On June 12, a
conference call was held between the Board and the Commission regarding conditions and actions taken.
On June 12-13, Canadian Board staff inspected high water impacts at the west end of Rainy Lake, the flow
constrictions in the upper Rainy River and in the dam forebay area, and high water impacts along the lower
Rainy River from the dam downstream to the Baudette/ Town of Rainy River area. These staff also met at
the same time with staff of the Water Survey Division of Environment Canada, and reviewed their results
from flow meterings conducted below the dam.

Public
The Companies actively provided the public with frequent updates on changing conditionsand actions being

taken through direct contact with callers, viadaily and weekly newspaper ads, and viathe Boise web site at
lakes.bc.com. A similar service was provided by Board staff. Severa dozen individuals called the Board
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staff, seeking information on the event and its causes, and on current and projected water levels. A number
of these callers also provided information on damages being suffered, questioned the actions of the
Companies and the Board and asked why more couldn’t be done, and gave other comments or criticism. In
addition to these calls from individuals, Board staff received a number of calls from the media, and over the
course of the event provided information to, and answered questions from, newspaper and radio station
reporters stretching from Duluth and Thunder Bay inthe east to Winnipeg and Grand Forksinthewest. The
latest hydrologic information was also made available to the public through the Lake of the Woods Control
Board web site (www.lwcb.ca) and the St. Paul District Corps of Engineers web site (www.mvp-
wec.usace.army.mil). OnJune 7, when thelevel of Namakan Lake had peaked and Rainy Lakewasvery close
to peaking, the Board issued a detailed newsrelease regarding both of these lakes and the Rainy River. This
provided adescription of the event, reported water levels, flows and the actionstaken to date, and explained
the problemsin initialy getting water to the Rainy Lake dam due to constrictionsin the upper river and thus
why it was not effective to open all gatesearlier. It also noted that the Board was aware of concerns being
expressed by basin residentsregarding the regulation of thelakes during the high water event, that the Board
would be preparing a report on the causes and handling of the event at the request of the 1JC, that all
concerns raised would be addressed in the report, and that the report would be made public. The news
release also listed the web sites to obtain information and the names and phone numbers of Board staff.

Public Concerns

As mentioned above, some of the callersto Board staff described the damages they were suffering. These
included, but were not limited to, dock damage dueto uplifting fromice, shoreline erosion (Rainy River and
Namakan Chain of lakes), damage to fixed crib docks and attached utilities (electrical power and marine
gasoline pumps), flooding of docks and boathouses, limitations on access to docks and resorts, flooding of
shoreline property, inconvenience and extra work to use (and keep usable) docks and other shoreline
facilities, flood threat to at least one personal dwelling, lost usage of septic leech fields due to high water
(Crane Lake), loss of resort business, and loss of commercial floatplane and boat transportation services.
Board staff discussed the caller’s concerns with them, provided current hydrologic data and lake level
forecasts, and tried to get acrossthe messagethat the variability of inflows provided by nature isgreater than
our ahility to regulatethem; noting that water levelswill inevitably riseinto the hazard land zone around lakes
and rivers from time to time, and that property in this zone is consequently at risk.

Concernsor criticisms were also raised by callersregarding the regulation of the lakes during the high water
event. Some people were concerned that having the level of Namakan Lake above the mid-point of its 1JC
operating band, when the rains started, contributed to the high levels. Some were concerned that the new
1JC rule curves, which reduced the winter drawdown on Namakan Lake and provided for an earlier refill,
contributed to the event. Some were concerned that the sluices in the Namakan and Rainy dams were not
opened quickly enough. Some were also concerned that Boise Cascade had to shut down its powerhouse
from May 24 through May 31, and thereby reduced the outflow from Rainy Lake for thisperiod. It wasalso
noted that, on the Namakan Chain of lakes, flow constrictions in some of the connecting channels result in
the upstream lakes (especially Crane Lake) having a significantly higher water level than the downstream
lakes during periodsof highinflow. Dueto thisphysical factor, again somefelt that the Namakan rule curves
should be revised as the level now startstoo high in the spring and is raised higher too early.

All but the last point have already been addressed in Section 3 of thisreport. It was acknowledged that the
new rule curves on Namakan Lake, and starting at the 75% point in the band on Namakan, resulted in
somewhat higher levelsthan they otherwise would have been on Rainy and Namakan lakes, but it was shown
that the difference was quite small, evenwith the extremeinflows experienced in 2001. Higher levelsof these
small magnitudes were recognized in therule curve study as a consequence of changing the rule curves, and
operating higher in them, but were deemed an acceptable tradeoff for the perceived environmental benefits,
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giventhe low frequency of occurrence of such inflow events. Regarding the timeliness of opening the dams,
it was noted that the initial outflow increases were made very soon after the initial rainfall event, and that
further increases were made promptly as more became known about the magnitude of the event. In this
regard, it must be remembered that it was impossible to know, inthe early days of the event, how muchrain
would eventually fall. Throwing all gates openimmediately at thefirst sign of rainwould be anirresponsible
way to regulate, and would have unnecessary and negative impacts in most years. Also, as explained in
Section 3, it is not effective to open all gates on Rainy Lake while the lake level is till low. Regarding the
shutdown of the Boise powerhousg, it is acknowledged that this was unfortunate and did raise Rainy Lake
somewhat, but action is intended to address this in the future, and the impact was offset by the fact that
Boise' s refurbished turbines pass more water. This leaves the last concern noted above, regarding higher
levels on Crane Lake, which is addressed in Section 6.2 below.

August 14, 2001 1JC/Board Presentation To Koochiching County Board of Commissioners

Board and 1JC staff attended the August 14 meeting of the Koochiching County Board of Commissioners
(United States) at their request. The meeting was also attended by about 40 basin residents, several
representatives from Boise Cascade and Abitibi-Consolidated, and arepresentative from U.S. Senator Paul
Weéllstone' s office. Board and 1JC staff gave a presentation on the structure and role of the 1JC, hydrologic
conditions in the Rainy-Namakan basin in 2001, and regulation of Rainy and Namakan lakes in response to
these conditions. The meeting provided aforumfor the discussion of concernsheld by basinresidentsaswell
as the county commissioners. The views expressed included:

» seemsto bearelationship between the implementation of the new 1JC Order in January 2000 and the
fact that the basin experienced high water this year.

» concern that the new 1JC Order takes some discretionary authority (under the 1970 1JC Order) to
determine lake levels, away from the hydropower companies and givesit to the Board, when some
prefer any such discretionary authority to lie with the Companies.

e concern over the targeting of levels other than the middle portion of the band under the new 1JC
Order and in particular the Board’ s targeting of higher levels this year on Namakan Lake.

» belief that lake levels should always tend to be at the lower portion of the 1JC band on Rainy and
Namakan lakes during the end of March and early April to limit flood damage potential.

» concern that the dams at Kettle Falls and the outlet of Rainy Lake were not opened fast enough in
response to rapidly increasing inflow this spring.

» belief by county commissioners that regulation of the lakes could be managed better.

» concern that lake levels might some day go even higher than anything experienced to date and what
actions should be taken, and by whom, in anticipation of this possibility.

A number of the concerns raised at the meeting have been addressed elsewhere within this report. The
remainder are addressed below. Regarding the new Order taking discretionary power from the Companies
and giving it to the Board, it was noted in the footnote on page 4 that this had already largely happened with
the old Order dueto interventions by other parties, which limited the flexibility originally intended by the |JC
and provided by the operating band. The intent of this change in the Order was thus to restore to the 1JC
complete authority over operations within the operating bands, and a mechanism was provided for thisto be
a consultative process between the 1 JC's Board and the Companies, albeit with the Board having final say.
Regarding the opinionthat both lakes should bedrawnto their lower rule curves each spring, inorder to limit
flood damage potential, such an approach would ignore the multi-purpose nature of the lakes. Theimpetus
for the recent rule curve study on Rainy and Namakan lakes, leading up to the new 1JC Order, stemmed
primarily fromthe desire of basinintereststo find animproved balancein lake level management, particularly
for environmental purposessuch asthefishery. Thenew Order isinfact an embodiment of the effortstoward
this objective. Further, aways drawing to the lower rule curve would negate the whole purpose of having
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an operating band with some width to respond to basin conditions. Theintent isto be able to deviate higher
inthe band in yearswith low snowmelt runoff potential, and deviate lower in yearswith high runoff potential.
Always drawing to the lowest allowed level would mean operating the lakes solely for flood management
purposes, to the detriment of all other interests in most years. Any decision to target the lower portion of
therule curve bands at the end of March should be based on athreat of flooding from snowmelt, and thiswas
simply not the casein 2001, asdiscussed in Section 3. Regarding theviewpoint of the county commissioners,
it isnoted that the Companies and the Board continueto try to do the best job possible with the information
at hand, and that both parties are open to comment and input. At the conclusion of the meeting, the Board
and | JC staff agreed to meet again with the county commissioners, within the next 6 monthsor at theBoard's
annual spring meeting in the basin, to continue discussion of concerns and management of lake levels.
Regarding the last point, it is noted that lake levels have been higher in the past than they werein 2001 (see
Figures 6 and 11), and the study of hydrology would suggest that they are likely to go higher still at some
point inthefuture. Thisisavalid concern. The designation of appropriate floodplain or hazard land zones,
and provision of emergency response services, normally fallsto state, provincial or local governments.

6.2  Hydraulic Capacity Constraints

Certain hydraulic capacity constraints were mentioned in Section 3 regarding the outflow capacity of the
Namakan and Rainy lake dams. These are expanded upon here, and the issue of channel constraints
impacting water levels in the upper Namakan Chain is also addressed.

Namakan Lake Outlet

The dams at Kettle Falls at the outlet of Namakan Lake are relatively low head dams, particularly at the
beginning of April when the lake level normally reachesitslowest point, prior to the spring refill. Under this
relatively low head condition, the dam simply does not have enough hydraulic capacity to keep pace with
rapidly rising inflow, as was the case this year, and the lake level rises very rapidly. Therisein lake level
increases the head on the dam, thereby increasing the outflow. At some point in time, with the outflow
increasing asthe lake level rises, and possibly in combination with inflowsto the lake starting to decline, the
outflow becomes equal to the inflow and the lake level then reachesits peak. Levelswill then begin to fall
if the inflow is declining. This point was not reached this year on Namakan until May 30. Because of this
hydraulic capacity constraint at the Kettle Falls dams and the need for increased head from arising lake level
to provide the needed outflow capacity, the peak lake level attained in a high inflow year becomes less and
less a function of the starting level in the spring as the magnitude of the high inflow increases. Overcoming
this constraint would require a significant enlargement of the existing dams (if physically possible) at
tremendous cost and would certainly increase the burden of flood-weary interests on Rainy Lake and further
downstream on the Rainy River and Lake of the Woods.

Rainy Lake Outlet

With Rainy Lake, the damisnot actually at the outlet of the lake but islocated some 4 km (2.5 mi) down the
Rainy River. Asnoted previously, anatural flow congtriction known asthe Ranier Rapidsexistsin the Rainy
River near the outlet from the lake at Pither’s Point. Under low flow conditions, this is not a significant
constraint and the water level surface only has asmall slope from the lake to the dam. However, asthe dam
isopened and flow downtheriver increases, thisconstraint (and others along the upper river, including some
right in the forebay area) becomes more and more significant. The slope of thewater surface down theriver
becomes much greater, with quite low levels just above the dam. In effect, the river channel becomes the
limiting factor to the amount of outflow, and the damis“starved” of water. The upper river cannot deliver
to the dam all of the water that the dam is capable of releasing. Then, asthe level of thelakerises, the flow
constraintsin the upper river become more submerged and provide less resistance to flow, the flow area of
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the river increases, more water moves down the river, and the slope of the water surface lessens so that the
water isdeeper just upstream of the dam, which resultsin more head to push more water through the sluices.
Until Rainy Lake reaches higher levelsin alarge runoff year like 2001, opening dam waste gates in excess
of theriver’sahility to convey water to the dam unnecessarily lowerstheforebay levels at both the Boise and
Abitibi powerhouses, while providing no increase in outflow. This Situation most typically occurs in years
of heavy early spring runoff, when Rainy Lake levels have not yet had time to rise substantially above their
winter drawdown levels. When it occurs, this situation hasthe potential to impair the ability of the Abitibi-
Consolidated mill to withdraw water for emergency fire control needs. This potential exists whenever the
forebay water level at the Abitibi powerhouse falls below about elevation 335.2 m (1,099.7 ft), as the mill
firewater intakeislocated intheforebay area. Further, some of the Abitibi turbines start cavitating (drawing
in air, leading to vibration and potentially severe damage if allowed to continue) at a dightly lower level,
335.05m(1,099.2 ft). Thusopeningtoo many waste gatestoo early, so asto significantly lower theforebay,
isnot only of little or no benefit in releasing more water, but could actually result inlesswater being released
if the Abitibi powerhouse must be shut down. Drawing the forebay down below the limit of the fire water
intake toward the turbine water level limit does not provide enough additional flow to be worth the risk to
the mill. Nevertheless, Abitibi has plans to eventually address this limitation, to eliminate any possibility for
loss of emergency supply of water for protection of the mill.

Higher Water Levelsin the Upper Namakan Chain

As noted in Section 6.1, property owners on Crane Lake were especially impacted by high levels in 2001
because of the constricted flow channels connecting their areato Namakan Lake proper. While under low
flow conditions there may be little difference in water level from the bottom end to the top end of the
Namakan Chain, the difference in level increases as the inflow coming down through the system increases.
Dueto the backwater effect of these constrictions, water levels on Crane Lake may be one or more feet (30
or more centimetres) higher than Namakan levelswhen inflows are high. Figure 12 isamap of the Namakan
Chain of lakes and shows the constricting channels between the main lakes (Namakan and Kabetogama) and
the upper lakes (Sand Point, Little Vermillion and Crane).

This backwater effect has been known for many years and is a function of the natural shape and size of the
water courses. Inmost yearsin the past it has not been a severe problem because inflows are either typically
not high enough or occur for only a short time while lake levels are still low. Thisismost likely to hold true
for the future as well. However, little is known or documented about the hydraulics of this part of the
system. Some daily level data exists for 1970 through 1980 from an old gauge at the south end of Crane
Lake, and atemporary gauge was established at the same location by the U.S. Army Corps of Engineersin
2001, with daily data collected from May 31 through June 20.

With Namakan Lake now starting at a higher level, and being filled earlier, with the new 2000 rule curves
in place, there is a possibility that the upper lakes could experience more frequent high water events and/or
higher peak levels. Datarequired to assessthis possibility should be collected, and the assessment done, for
input into the review of the1JC Order whichisto occur either in 15 yearstime or earlier if deemed necessary.
Re-establishment of the Crane Lake gauge, and possibly the addition of other gauges on the upper lakes as
well, would be required.

6.3  Floodplain Management, Zoning And Hazard Land Utilization

While ahigh water event such as experienced in 2001 isrelatively rare, withlevelsat most sitestypically not
seen since 1968 or earlier, it isnoted that higher levels have occurred inthe past (see Figures 6 and 11) and
will likely occur again at some point in the future. In its contacts and dealings with the various affected
interests in the Rainy-Namakan basin concerning this year’s high water event, the Board endeavored to

IRLBC - Report on Year 2001 High Water Levelsin the Rainy/Namakan Basin - 2001.10.26 Page 14



provide a perspective on past and present flooding, to foster an awareness of floodplain and hazard land
management by the responsible bodiesinthe U.S. and Canada, and to point out the need for wiseand prudent
planning of property developments to accommodate periodic high water events.

Although floodplain and hazard land delineations exist to one extent or another in both the U.S. and Canada,
there does not appear to be a solid or widespread understanding or awareness by basin interests of these
delineations or of the ramifications and responsibilities associated with development within the floodplain or
hazard land. Although management of the floodplain and hazard land is the responsibility of local
government, it appears to the Board that more work needs to be done in this area to foster understanding
and prudent development of the floodplain and hazard land. Shorefront property owners need to understand
that the variability of inflows provided by natureis much greater than our ability to regulate it. Hazard lands
will be flooded from time to time. The public needs to be aware of the water levels that may occur, take
actionto limit their incursioninto the hazard land zone and, for structures such as docks and boathouses that
must beinthiszone, recognizethat they are at risk and design/construct them to minimize inconvenience and
damage when levels do inevitably rise.

7. BOARD RECOMMENDATIONS FOR FURTHER ACTION OR FOLLOW-UP BY THE
BOARD OR THE COMMISSION

Based onitsreview of the 2001 high water event, the Board has the following recommendations:

1) Boise Cascade should proceed with its plans, outlined in its August 2001 report to the Board, to
addresstherisksto its powerhouse created by high tailrace levels. The company should proceed with
its initial study phase to examine: the structural integrity of the generator hall floor, measures to
prevent flooding of the powerhouse, measures to reduce inflow to the generator pits and improved
methods of estimating tailrace levels versus discharge. The company should advise the Board and
the Commission of its consultant’ s findings and the resultant measures it intends to implement as a
result of those findings. The company has stated in its report to the Board that it intends to advise
the 1JC of those findings by July 31, 2002. The Board feels this is a reasonable time-frame to
complete the initial study work. A time-line for implementation of recommended measures will
depend upon the consultant’ s findings and should be left open until the Board and 1JC have had an
opportunity to review the consultant’s report.

2) The Commission should continue to encourage the resource management agencies to gather the
environmental datathat will be needed in any future assessment of benefits or adverse impactsto the
environment under the 2001 1JC Order for Rainy Lake and the Namakan Chain of lakes. The
gathering of the required environmental datashould be givenahigh priority by the resource agencies.

3) The potential for the upper Namakan Chain of lakes (especially Crane Lake) to experience more
frequent high water events and/or higher peak water levels should be evaluated. Data required to
assess this possihility should be collected, and the assessment done, for input into the review of the
1JC Order which is to occur ether in 15 years time or earlier if deemed necessary by the 1JC. Re-
establishment of the Crane Lake gauge, and possibly the addition of other gauges on the upper lakes
aswell, would berequired. Thiswork would most appropriately be doneby, or under the supervision
of, the Board and its affiliated agencies, but the required resources must be found.

4) The 1JC and the Board should promote awareness of the high water levels to be expected, the
limitations of regulation, the necessity for floodplain definition and zoning and the need for minimal
development in the floodplain.
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8.

CONCLUSIONS

The main findings or conclusions of the International Rainy Lake Board of Control regarding the 2001 high
water event are:

the high water levels experienced in the Rainy-Namakan basin in 2001 were due to very heavy and
persistent precipitation from early April through to the end of July. Total rainfall during this period
was the highest since 1948 (54 years).

the Companies (Boise Cascade Corporation and Abitibi-Consolidated Incorporated, owners and
operators of the dams) and the Board responded to the rapidly increasing inflows in a timely and
appropriate manner. The dams on both lakes were opened progressively over time as quickly aswas
prudent and effective to do so, given the available knowledge of future inflows, impacts on
downstream areas, capacity limitations of the Kettle Fallsdamsdueto low head, and flow constraints
in the upper Rainy River at low lake levels. The Companies were in full compliance with the 1JC
Order in handling the first lake level peaksin late May - early June. In handling the second peaksin
August, the Companieswerein full compliance on Namakan but not quite on Rainy in that equipment
breakage caused a delay in getting the last two gates (of 15) fully open.

the peak level reached on Namakan Lake in 2001 was 341.45 m (1120.2 ft) on May 30. Thislevel
was the highest seen on the lake since 1968, the ninth highest level since 1912, was 50 cm (19.7 in)
above the 1JC upper emergency level and was 35 cm (13.7 in) above the 1JC “all gates open” level.
The peak level reached on Rainy Lake in 2001 was 338.24 m (1,109.7 ft) on June 9. Thiswasthe
highest level reached since 1968, the seventh highest since 1911, was 49 cm (19.3 in) above the 1JC
upper emergency level and was 34 cm (13.3 in) above the 1JC “al gates open” level.

the Board' s requirement that the Companies target Namakan Lake higher in its 1JC operating band
at the end of winter had minimal impact on the peak lake levels. The Board had specified that
Namakan Lake be at 75% of its1JC operating band and Rainy Lake be at 50% of its operating band
at theend of Marchin 2001. If both lakeshad been at 50 % of their bands (i.e. Namakan would have
been 19 cm or 7.3 in lower) prior to the start of the rainfall, there would have been a negligible
difference in the peak level of Namakan Lake and the peak level of Rainy Lake would have been
about 2.5 cm (1 in) lower.

the adoption of new rule curves by the 1JC in 2000 also had minimal impact on the peak lake levels
reached in 2001. On Namakan Lake, the mid-point of the 1JC operating band at the end of March
iS90 cm (35.4 in) higher with the 2000 rule curves than it was with the 1970 rule curves, and the
75% point with the 2000 rule curvesis 108 cm (42.7 in) higher than the 50% point of the 1970 rule
curves. On Rainy Lake, there is virtually no difference in the two sets of rule curves at the end of
March. If Namakan Lake had been at 50% of its 1970 rule curvesinstead of at 75% of the 2000 rule
curvesat theend of March (i.e. starting nearly 43 incheslower), and with Rainy Lake at its 50% point
asit actualy was (no differencein rule curves), the level of Namakan Lake would have peaked about
2.5cm (1 in) below its 2001 peak and the level of Rainy Lake would have peaked about 8 cm (3 in)
lower than its 2001 peak. Although these differences are relatively small, they most likely
overestimate the difference that would actually have occurred. Thisisdueto the fact that Namakan
Lake was only rarely drawn down to the mid-point of its band with the 1970 rule curves. The 30-
year mean end-of-March level on Namakan Lake (ending in 1999) was 18 cm (6.9 in) above the 50%
point, and in the last 10 years under the 1970 rule curves (1990-99), the mean end-of-March level
was 47 cm (18.4 in) above the 50% point.
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» the Boise powerhouse shutdown near the peak of the high inflows in 2001 had only a small impact
on the peak lake levels reached, and this was off-set by turbine-generator refurbishment work done
by Boiseinthe early 1990’'s. The powerhouse was forced to shut down from May 24 through May
31 dueto hightailwater level. Thiscaused thelevel of Rainy Laketo rise approximately 6.4 cm (2.5
in) morethan it would have if the shut-down had not occurred. However, the increased powerhouse
discharge capacity fromthe unit refurbishment resulted inthe 2001 peak Rainy L akelevel being about
6.4 cm (2.5 in) lower than it would have otherwise been, assuming the shutdown in both cases.
Further, if the old turbines had still been in place, the peak level in 2001 would have been about 2.5
cm (1 in) higher than actually occurred, even if there had been no shutdown with the old turbines.

» this was a relatively rare event, about which very little can be done. The variability of inflows
provided by nature is much greater than the Companies’ (or the Board's) limited ahility to regulate
them. High levels such as those experienced in 2001 certainly won't occur every year, but even
higher levels have occurred in the past and similar or higher levelswill occur again periodically inthe
future. It isimportant that shorefront property owners be aware of this and take steps to minimize
both their risk from such events and their damages when such events do inevitably occur.

* nO urgent or major action is deemed necessary in response to this event. However, the work
proposed by Boise' s consultant to allow their powerhouse to stay operating under similar highwater
conditions should proceed, the potential for the new 2000 1JC rule curves to cause more frequent
high water eventsand/or higher peaks on Crane L ake should be assessed, and efforts should continue
to have the shoreland hazard land area properly defined and publicised.

Respectfully submitted,

Robert L. Ball, P.E. Dale R. Kimmett, P.Eng.
Member for the United States Member for Canada
Colonel, U.S. Army Corps of Engineers Ottawa, Ontario

District Engineer
St. Paul, Minnesota
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2001 Spring Showmelt Flood Outlook Map
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Total Rainfall Ranking

For April Since 1948 (54 years)

Lac la Croix Basin

Rainy-Namakan Basin

Rainfall Rainfall
Rank Year (mm) (in) Year (mm) (in)
1 2001 120 4.7 2001 117 4.6
2 1990 107 4.2 1985 104 4.1
3 1994 107 4.2 1967 95 3.7
4 1985 95 3.7 1986 89 3.5
5 1981 91 3.6 1974 84 3.3
6 1967 81 3.2 1968 80 3.1
7 1961 80 3.1 1979 77 3.0
8 1968 73 2.9 1961 71 2.8
9 1970 73 2.9 1957 71 2.8
10 1974 70 2.8 1991 71 2.8
Median 35 1.4 40 1.6

For April-May Since 1948 (54 years)

Lac la Croix Basin Rainy-Namakan Basin
Rainfall Rainfall

Rank Year (mm) (in) Year (mm) (in)
1 1985 241 9.5 1985 245 9.6

2 1970 236 9.3 2001 238 9.4

3 2001 227 8.9 1974 200 7.9

4 1974 193 7.6 1963 192 7.6

5 1994 185 7.3 1977 180 7.1

6 1964 171 6.7 1999 179 7.0

7 1954 167 6.6 1970 177 7.0

8 1981 159 6.3 1962 173 6.8

9 1963 154 6.1 1950 168 6.6

10 1962 152 6.0 1991 148 5.8
Median 113 4.4 105 4.1

For April-July Since 1948 (54 years)

Lac la Croix Basin

Rainy-Namakan Basin

Rainfall Rainfall
Rank Year (mm) (in) Year (mm) (in)
1 1970 456 18.0 2001 519 20.4
2 1994 439 17.3 1985 463 18.2
3 1990 436 17.2 1963 458 18.0
4 1985 435 17.1 1950 437 17.2
5 1968 419 16.5 1964 436 17.2
6 1964 418 16.5 1968 427 16.8
7 2001 412 16.2 1999 422 16.6
8 1986 376 14.8 1996 399 15.7
9 1961 373 14.7 1962 369 14.5
10 1999 372 14.6 1969 367 14.4
Median 309 12.2 307 12.1
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Average Inflow Ranking
For April-May

| Namakan Lake Rainy Lake
Since 1957 Inflow 1912 Inflow

Rank Year| (m%s)| (ft¥s)| Year| (m%s)| (ft¥s)
1 1966 508 17940 2001 875] 30900

2 2001 502 17728 1950 875 30900

3 1969 455 16068 1966 865] 30547

4 1971 407 14373 1927 860] 30370

5 1996 396 13985 1938 789] 27863

6 1979 389 13737 1916 760] 26839

7 1986 364 12854 1996 709] 25038

8 1967 354 12501 1954 697| 24614

9 1975 349 12325 1985 694] 24508

10 1997 342 12078 1948 679] 23979
Median 283 9994 400 14126

For April-June

Namakan inflow in 1950 estimated to be 466 m®/s (16457 ft®/s)

| Namakan Lake Rainy Lake
Since 1957 Inflow 1912 Inflow

Rank Year| (m¥s)| (ft¥s)|  Year| (m%s)| (ft%/s)
1 2001 503 17763 1950 1076 37998

2 1966 503 17763 2001 900 31783

3 1969 446 15750 1927 893 31536

4 1996 412 14550 1966 871 30759

5 1979 410 14479 1954 824 29099

6 1970 407 14373 1916 823 29064

7 1971 405 14302 1938 800 28252

8 1974 400 14126 1996 780 27545

9 1968 380 13420 1974 748 26415

10 1965 366 12925 1970 707 24967
Median 303 10700 448 15821

For April-August

Namakan inflow in 1950 estimated to be 559 m®/s (19741 ft3/s)

| Namakan Lake Rainy Lake
Since 1957 Inflow 1912 Inflow

Rank Year| (m%s)| (fts)|  Year| (m%s)| (ft¥s)
1 2001 409 14444 1950 1022] 36091

2 1968 408 14408 1927 792 27969

3 1966 368 12996 2001 768] 27122

4 1996 355 12537 1968 662| 23378

5 1969 348 12289 1996 662] 23378

6 1970 340 12007 1944 647| 22848

7 1974 322 11371 1916 645] 22778

8 1962 307 10842 1966 641 22637

9 1979 304 10736 1985 634] 22389

10 1985 302 10665 1954 629] 22213
Median 251 8864 406 14338

Namakan inflow in 1950 estimated to be 496 m®/s (17516 ft®/s)
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Namakan Lake (Since 1912)

Ranking of Annual Peak Water Levels

Peak Water Level

Rank Year (m) (ft)
1 1916 342.248 1122.86
2 1950 342.196 1122.69
3 1927 341.970 1121.95
4 1938 341.836 1121.51
5 1968 341.708 1121.09
6 1914 341.538 1120.53
7 1920 341.486 1120.36
8 1944 341.486 1120.36
9 2001 341.445 1120.23

10 1941 341.440 1120.21

Rainy Lake (Since 1911)

Peak Water Level

Rank Year (m) (ft)
1 1950 339.233 1112.97
2 1916 339.093 1112.51
3 1941 338.602 1110.90
4 1927 338.438 1110.36
5 1968 338.362 1110.11
6 1938 338.255 1109.76
7 2001 338.240 1109.71
8 1974 338.197 1109.57
9 1954 338.185 1109.53

10 1966 338.157 1109.44
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WATER LEVEL DIFFERENCE (metres)

2001 PEAK LEVELS COMPARED TO HISTORIC NORMAL
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NAMAKAN CHAIN OF LAKES
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LEGEND - FOR FIGURES 3 & 7-10

PRECIPITATION

Actual data for year shown, plotted as quarter-month totals
(last quarter-month is usually incomplete)

M= statistical Median - precipitation has been below this line 50% of the time

WATER LEVELS & FLOWS

Actual Data

“N\~ Actual data for year shown
- levels are 1-day main lake means plotted daily
- inflows are 7-day means
- outflows are daily values

- The most recent data is missing if the actual data line does not extend to
| this vertical line

Rule Curves (Namakan & Rainy Lakes)
_/"\_  13C 2000 Upper & Lower Rule Curves

i 1-- 1JC 2000 Drought Line
——— 1JC Upper Emergency Level
—-— 1JC "All Gates Open" Level

Statistical Data
N\

~—~ Levell/flow has been above this line 10% of time.

Normal level/flow range

- level/flow has been above this range 25% of time
- level/flow has been within this range 50% of time
- level/flow has been below this range 25% of time

-~ Level/flow has been below this line 10% of time
All statistical levels are based on 3-day means at month quarter points.
All statistical flows are based on quarter-monthly means.

Percent data is based on the period 1970-1999, except for the following:
- Rainy River Level Below Fort Frances 1988-1999
- Rainy River Level at Manitou Rapids 1983-1999

Datums for water levels are:
- Lac la Croix - USC&GS (1912) datum
- Namakan Lake - USC&GS (1912) datum
- Rainy Lake - USC&GS (1912) datum
For other sites, contact the Secretariat
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