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Grohman Narrows is a natural hydraulic constriction on the Kootenay River, ~3
km downstream of Nelson

The constriction is primarily due to a naturally high river bed elevation through
the reach

The river narrows to an approximate width of 175 m at the upstream end of the
reach

Bed elevation through the reach varies between approximately El. 520 m (1706
ft) and EI. 530 m (1739 ft).
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The effects of the Grohman Narrows constriction include:
* Higher peak flood levels on Kootenay Lake

* Reduced ability to release water from Kootenay Lake, especially from
March to June, to fully utilize the storage flexibility of the lake

* Reduced head and generation at Corra Linn and Kootenay Canal and
increased spill at Corra Linn and all of the downstream Kootenay River
dams

» Less operating flexibility at Kootenay Canal, Corra Linn, and the
downstream Kootenay River plants

Channel improvements at Grohman Narrows would improve all these
effects

In response to local government and community concerns, BC Hydro
initiated the project to explore potential improvements to Grohman Narrows
in late 2012
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Presentation Notes
Libby Dam – Treaty Dam – Located in MT, backs water into Canada, Flows through Idaho and into KL in Canada

Red Line – Reservoir Elevation

Blue Line – Inflow

Black Line – Outflow from Libby


Kootenai Basins experience near 300% of normal precip.

Libby Operation was hammered with high inflows and limited reservoir space

Libby transitions from Sturgeon Operation to Flood Operation at Bon Ferry  in early June

Libby outflows peaked at 48 kcfs July 3-7. – spilling about 24 kcfs

Libby’ s elevation peaked at 2559.9 ft. – almost 1 foot of surcharge in pool. 

Bonner’s Ferry Flood stage peaked at 1766.6 ft – 2.6 feet above flood stage

Kootenay Lake near Nelson BC peaked at an elevation of 1753.8 ft (highest level in 38 yrs.)
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The benefits of channel improvements in the Grohman Narrows have been
recognized since the 1890’s.

1890:

* An estimated 18,000 cubic yards of blasted rock, boulder and gravel
removed from the riverbed

1931:

« Approximately 350,000 m?3 of rock and 200,000 m? of boulders and
gravel

* Material removed from six locations between Corra Linn Dam and
Grohman Narrows

Further improvements in 1939:

« Approximately 14,000 m?3 of rock from the left bank of the river
opposite Grohman Creek

« 256,000 m3 of boulders and gravel from the Grohman Creek fan and
from either side of the wooded island in the Narrows
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- & 1939 '.gravel and rock dumps

e — HP Po‘-V
Dredging in progress Temporary railway across the streambed surface Deposited excavated material
to facilitate dredging
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KEY CONSIDERATIONS - HRISENERATENE

Engineering

Evaluate project benefits

Estimate amount of excavation material
Assess composition of excavated material
Evaluate channel stability

Environmental

Establish environmental requirements during construction
Confirm timing and duration of construction season
Assess effects on fish and wildlife during construction
Assess long-term effects on fish and wildlife

Assess effects on archeology resources

Plan to avoid environmental and archeological impacts
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Regulatory / Permitting
« Compliance with 1JC Order
« BC Water Act Section 9 Approval Process

« Determine applicability of Federal Fisheries and Environmental
Assessment Act

« Columbia River Treaty issues
* International River Improvement Act requirements
« Crown Land permits

Stakeholder Consultation
= Stakeholder Consultation and Communications Plan

First Nations Consultation
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The first phase of the project is now underway and will run until October
2013

« Evaluation of the potential costs and benefits of the project
« Feasibility of moving ahead with channel improvements

The next phase, if undertaken, would involve additional investigations
and planning for the potential improvements

« Could take up to two years

« Adecision regarding whether or not to proceed could be made at that
time
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1 May snowpack in the Columbia/Kootenay region:
* Above normal, but not extreme
June & much of July: unprecedented rainfall in the basin

Rainfall in June 2012:

« 21to 5 times the normal amounts across the upper Columbia & Kootenay
basins

«  Wettest month ever at Castlegar Airport & other stations

Inflows for Feb-July 2012:

Basin Rank % of Average
Mica 1st of 40 yrs 136%
Revelstoke 15t of 28 yrs 130%
Arrow 3d of 42 yrs 127%
Duncan 15t of 40 yrs 130%

Kootenay Lake 4t of 44 yrs 142%
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Surcharge allowed Libby to maintain a lower discharge, reducing downstream flooding
Reservoir level was above normal full pool for 23 days
Peak Libby discharge of 48 kcfs occurred in early July.
River level at Bonners Ferry peaked at 1766.6 ft, 2.6 ft above flood stage.
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Reservoir drawdown by late April was consistent with snowpack at the time
Sturgeon discharge began on 28 May and spill started on 4 June
Heavy rainfall in early June  Libby transitioned to a flood risk management operation designed to manage downstream flooding in both countries
The Corps began daily conference call updates with Canadians on 27 June and continued into July
BC Hydro and the Corps coordinated under the Treaty to allow Koocanusa Reservoir to surcharge by up to 2 feet above its normal full pool level (first time ever) 
Support from Canadians in East and West Kootenays for this operation
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Duncan Reservoir
Summary of Inflows, Outflows, and Levels

475 : : : : : : : : : : : 1400
17 SR S R S R N i~ 1 SN e s R s 1 1280
CECE SRR S S S S S S O O S R — 1 1600
200 F--nnmneee- ; ' ; ; ; Y L R L e R 4 1870
7175 R S e R R 41860 _
E 1 1 1 1 E
4 N Lo ! ! ! ! -
----- - g §
2 150 L Y : : : : 1850 z
E : . . : : L : : : : o
& 125 ] : R . b meeeees : . R e R d1g40 2
3 2 : : ok : : : : E
s ] ' : : : :
E 100 . RRTRRRIEES SITEILR IXCERSLER TECIRELERE REERLRE ASERRLRER 1830 &
LEE SCEPERREE ERREEE : : B RRREET RO e : LT RN SRRRCTEEEEE dmo oo oo SRRRCEEEEEE -+ 1820
I R AGRA TR LY S SN SO SO N A S I A— 41810
25 J o SR YR e e < 1200
3 'ﬂ;n'i'ww*ln, b e b ! ! : :
00 L o i . . : . . . . . 17490
1-Jdan 1-Feh 1-Mar 1-Apr 1-Mlay 1-Jun 1-Jul 1-800 1-Zep 1-0ct 1-Mow 1-Dec
|— - — - Inflow Citflow Elevation ------- Flood Level Full Pacl |

Reservoir drafted to near empty in late April ... then refilled during May-July

Discharge reduced to minimum during June & early July to reduce inflow into Kootenay Lake

After Kootenay Lake level peaked, Duncan discharge increased to manage refill of Duncan Reservoir
Duncan Reservoir surcharged by ~ 1 ft (0.3 m) to reduce peak discharge & downstream flooding
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Kootenai Basins experience near 300% of normal precip.

Libby Operation was hammered with high inflows and limited reservoir space

Libby transitions from Sturgeon Operation to Flood Operation at Bon Ferry  in early June

Libby outflows peaked at 48 kcfs July 3-7. – spilling about 24 kcfs

Libby’ s elevation peaked at 2559.9 ft. – almost 1 foot of surcharge in pool. 

Bonner’s Ferry Flood stage peaked at 1766.6 ft – 2.6 feet above flood stage

Kootenay Lake near Nelson BC peaked at an elevation of 1753.8 ft (highest level in 38 yrs.)
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Kootenay Lake
Summary of Inflows, Outflows, and Levels
LIC Curve Based on Actual Inflows
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From March through July, FortisBC & BC Hydro discharged maximum possible out of Kootenay Lake,
limited only by the Grohman Narrows channel restriction.

Kootenay Lake level peaked at 1753.8 feet = highest level since 1974
With no surcharge of Libby Reservoir, the Kootenay Lake peak level would have been 0.3 ft (0.1 m) higher
Without Libby & Duncan, the Kootenay Lake peak level would have been 6.6 feet (2 m) higher
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Discharge (kcfs)

COLUMBIA RIVER AT BIRCHBANK AVERAGE DAILLY DISCHARGE
(Brilliant Project + Brilliant Expansion + Brilliant Spill + Arrow Lakes Hydro + Hugh Keenleyside)

Summary 1937 - 2011 (unregulated) & Summary 1964 - 2011 (regulated) and Actual / Forecast 2012
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Mica, Arrow, Duncan, Libby — reservoirs were refilled above their normal full
pool levels (by up to 1.3 ft) to help manage downstream flood impacts.

* Reservoir surcharge - trade-off between downstream flood impacts &
upstream reservoir impacts.

Mica, Duncan, Libby — highest-ever reservoir levels.

Arrow — highest reservoir level since 1990.

Kootenay Lake — highest lake level since 1974.

Mica, Revelstoke — spilled water for the first time since 1997.
Columbia River at Revelstoke — highest flow since 1991.
Columbia River at Trail — highest flow since 1972 (pre Mica dam).

16
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Prior to, & during, the record-setting inflows of June-July 2012, BC Hydro and
its partners operated the reservoirs with flood management as the highest
priority.

All of the Columbia/Kootenay reservoirs have multiple purposes. These many
interests (flood control, fisheries, recreation, energy, etc.) must be balanced
subject to domestic laws and other requirements.

Upstream reservoir operations significantly reduced downstream flood peak
flows.

Without the Treaty dams in place, damage to property would have been much
greater and more widespread:

« Peak Kootenay Lake level would have been 6.6 ft higher.

« Peak Columbia River flow at Trail would have been about 70% higher,
similar to the level of flood flows in 1948 & 1961.

17
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HYDRAULIC STUDIES AND GEOTECHNICAL
STUDY RESULTS TO-DATE
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® Boat based survey to map the elevation of the river bed
® Completed in October 2012

® Centreline survey of the West Arm from Queen’s Bay to Corra Linn Dam
(approximately 50 km)

® 24 cross sections surveyed at select locations

¢ Detailed survey through, and in the vicinity of, the Grohman Narrows reach
(approximately 5 km)

19
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® Detailed digital elevation model (DEM) developed
from bathymetric data

® Updated map of river bed surface
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Presentation Notes
Discuss contours, deep areas in blue, ‘target’ areas in light green, oragne, red
Note centreline profile
Note XS GN-13 location
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Centreline Profile Through Grohman Narrows
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d/s doesn’t get much above ~ El. 520 m along thalweg
down to about El. 500 – 510 around nelson and d/s
Up to about 524 m at Fraser Narrows



.
BATHYMETRIC SURVEY BGhydro

FOR GENERATIONS

Cross Section GN-13
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Note remnant features from 1939
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® Compare various improvement scenarios with existing conditions

® Preliminary sensitivity scenarios examined include dredge to bed elevations of
526 m (1726 ft) and 527 m (1729 ft), within approximately 2 km long reach
from start of Narrows

® Approximate volume of material in the range of 600,000 m3 (785,000 yd3)
® Volume mostly in bars upstream and downstream of wooded island
¢ Balance between benefits realized (flood peak reduction, improved
operations, energy benefits) and amount/cost of dredging
® Need to optimize dredge extents and locations

® Consideration of environmental effects of different dredge levels and
locations

28
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PRELIMINARY RESULTS AND OBSERVATIONS (SENSITIVITY SCENARIOS)
® For average conditions and existing operating regimes:
® Reduction in peak flood levels in the range of ~0.5-0.8 m (1.5 - 2.5 ft)

® Also reduction in number of years and duration of time at higher lake
levels

® Range of potential discharge capacity increase ~ 90 - 350 m3/s (3,000 -
12,000 cfs), or ~ 10 - 50%

® Highest potential discharge capacity increases (in terms of flow rate)
during the March — July period

® Range of potential increased generation in the order of 1 - 1.5 % per year
(includes BCH Kootenay Canal plant, 4 Fortis BC River Plants and CPC
Brilliant Dam)
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® Potential Operating implications:

¢ Control of Kootenay Lake outflows/elevations remains with Corra Linn
Dam for a longer period of time

® In forecasted low freshet inflow years, could operate with higher Corra
Linn forebay elevation during this period (i.e. spring water levels
downstream of Grohman Narrows not as low as current operations)

® In forecasted high freshet inflow years, can take advantage of additional
flow capacity before freshet starts and during freshet rise to maximize
outflow and reduce peak Kootenay Lake elevations upstream of Grohman
Narrows

® Very little change to lake elevations upstream and downstream of
Grohman Narrows outside of freshet period (i.e. late summer, fall, and
winter)

® Review of full Kootenay system operating regimes would be required to
optimize the added flexibility of an improved Grohman Narrows and assess

seasonal effects
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¢ Additional Feasibility Study hydrotechnical engineering work:
® Use of models to refine and optimize potential dredge volume and
location, to maximize benefits and minimize cost

® Assess longer term impacts of dredging on bed elevations and potential
for sediment infilling
® Refine project benefit estimates

37
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GEOLOGICAL OVERVIEW
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Bedrock is exposed along much of the south bank as low glacially rounded bluffs, and one section of steep fractured rock that was blasted in 1939.  Bedrock outcrops are punctuated by coarse blocky blast rock fill for the CP rail embankment. 

Steep bedrock slopes dominate the central part of the north bank. The rock is Jurassic granodiorite (165-160 Ma) – it is very hard and massive with widely spaced tight joints. 

The Grohman Creek alluvial fan is quite extensive on the east part of the north bank. It was cut back from its original distal front in 1939 by some 
It consists of coarse  rounded gravels and cobbles.

Downstream north bank is dominated by undifferentiated Qt deposits – of rounded gravel and cobbles. 

Landslide debris was recognized in 1980s on the south bank and confirmed in recent visit. It consists of very large rock boulders (car sized) in a mixed silt, sand, gravel and cobble matrix. Its origins are unclear, but is  about 1.5 km wide.

Several dump sites (windrows) of gravel and cobbles from dredging of the channel in 1939. The sewer works is on a large pad of dumped river dredged gravel and cobbles and blasted rock.
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GEOPHYSICS SURVEYS

® Completed in March, 2013

® Overwater acoustic profiling and side-scan sonar survey
® 3 km reach of Grohman Narrows

® Shoreline based seismic refraction surveying
® 18 separate seismic profile lines

® 2,645 m of seismic refraction data recorded
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The Grohman Creek alluvial fan is quite extensive on the east part of the north bank. It was cut back from its original distal front in 1939 by some 
It consists of coarse  rounded gravels and cobbles.

Downstream north bank is dominated by undifferentiated Qt deposits – of rounded gravel and cobbles. 
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Several dump sites (windrows) of gravel and cobbles from dredging of the channel in 1939. The sewer works is on a large pad of dumped river dredged gravel and cobbles and blasted rock.
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GEOPHYSICS SURVEYS
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Two methods were deployed:

Marine-based seismic reflection or profiling – these are the black track lines. Extensive coverage was achieved except in several very shallow waters over some of the mid-channel bars.

Land-based seismic refraction using a buffalo gun on 110 m long spreads – these are the pink lines -  a total of  more than 2.6 km of line were surveyed on exposed beaches and on mid –channel gravel bars.
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EXAMPLE SEISMIC REFRACTION PROFILE

SL-3A on mid channel bar downstream of wooded island
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These sections show typical bedrock surface profiles.

This section shows the bedrock surface at depths of 30 to 55 m.

Unfortunately the seismic methods are unable to differentiate any stratigraphy in the overburden sediments and the results do not provide any meaningful characterisation of the near surface materials  for the purpose of evaluating excavation methodology. 

Bedrock is generally so deep that drilling investigations are not required to prove that bedrock is  not within possible dredging depth in the areas of possible excavation of the river bed.

We are looking into methods of characterising the river bed materials for evaluating optimal dredging methods, costs and for contract specifications, including: 

Interpretation of side scan SONAR data from the geophysics surveys 
Inspection of 1939 gravel dumps
Use of underwater cameras
Possible trial excavation on exposed gravel bars during low water (2014)
Drilling, if needed, though obtaining representative samples could be problematic
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INTERPRETED BEDROCK ELEVATION CONTOURS
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Integrated bedrock surface elevation contour map compiled from both sources of geophysical data.

The data gaps are at the wooded island and shallow water areas over the mid-channel bars.

The darkest red is at the surface, while the darkest blue is the deepest; the scale ranges over an elevation range of 110 m.

Point to blue areas where bedrock is about 100 m or more below the average river elevation.

Agrees well with the surface outcrop of bedrock on the north and south banks of the river.
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Geotechnical Studies — Preliminary Observations:

® Bedrock is relatively deep across most of the Grohman Narrows area and
would not influence dredging operations

® Some bedrock exposed at shorelines

¢ Surficial bed materials generally consist of well graded mix of sand, rounded
gravels and cobbles

® Some evidence of larger boulder material, especially along south bank


Presenter
Presentation Notes
Bedrock is exposed along much of the south bank as low glacially rounded bluffs, and one section of steep fractured rock that was blasted in 1939.  Bedrock outcrops are punctuated by coarse blocky blast rock fill for the CP rail embankment. 

Steep bedrock slopes dominate the central part of the north bank. The rock is Jurassic granodiorite (165-160 Ma) – it is very hard and massive with widely spaced tight joints. 

The Grohman Creek alluvial fan is quite extensive on the east part of the north bank. It was cut back from its original distal front in 1939 by some 
It consists of coarse  rounded gravels and cobbles.

Downstream north bank is dominated by undifferentiated Qt deposits – of rounded gravel and cobbles. 

Landslide debris was recognized in 1980s on the south bank and confirmed in recent visit. It consists of very large rock boulders (car sized) in a mixed silt, sand, gravel and cobble matrix. Its origins are unclear, but is  about 1.5 km wide.

Several dump sites (windrows) of gravel and cobbles from dredging of the channel in 1939. The sewer works is on a large pad of dumped river dredged gravel and cobbles and blasted rock.
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® Updates since the June 2013 Public Meeting:

® Optimizing of dredge location and extent

® 3 scenarios developed (low, medium and high dredge volume = 200,000 m?,
400,000 m® and 600,000 m?3)

Most benefit realized from dredging the two bars u/s and d/s of wooded island
and the area at Grohman Creek outlet (see figure next slide)

® Low scenario dredge these areas to El. 527 m (1729 ft), medium to El. 526 m
(1725.7 ft) and high to same as medium, but also dredge additional material
from right bank bar complex d/s of island

® Cost estimates under development for these scenarios

® Biggest factor influencing costs is material spoiling

¢ Other major factor is available construction duration (fisheries, operational,
seasonal constraints)
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® Energy and flood reduction benefits being finalized for these scenarios
® Up to 80 GWh per year energy benefit
® Flood reduction in the order of 2 ft
® Depends on final dredge volume

® Overview geomorphic analysis completed

® Only significant source of sediment input to the Grohman reach is from
Grohman Creek

® Some minor change in bed elevations since 1939 dredge, but no significant
infilling observed

® Most changes would occur immediately following dredging as bed adjusts (self-
armours) to stable level

® Preliminary examination of operational impacts

® No significant impacts in late summer, fall or winter to existing lake levels
(Corra Linn remains control)

® Reduced KLK elevation in spring in high freshet years to allow further
drawdown and reduced flood peak and duration (see next slide)
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