


Aug-28-2001 01:47pm From-NTPC YELLOWKNIFE 8676693316 T-670 P.007/0010 F-703

i —rve - mewwv o« - Jauualry v, 1727

Mr. Mikko Nyyssonen, P.Eng.

4.0 CLOSURE

We trust that you will find these observations and recommendations to be sufficient for your
|- present requirements. Please contact the undersigned if you have questions or comments.

f Yours truly,

§ EBA ENGINEERING CONSULTANTS LTD.
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J T. E. Hoeve, P. Eng.
Project Director, NW.T.
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I Attachments

i cc: Mr. Ian Girvan (letter only)
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& ASSOCIATES LTD., CONSULTING ENGINEERS, 4712 STOUT DRIVE, P. 0. BOX 1952, YELLOWKNIFE, N.W.T., X1A 2P4, FAX (403) 673-5211

I EBA Engineering Consultants Ltd. Oct 21, 1996
3533A McDonald Drive

| Yellowknife, NT
’ X1A 2H2

Attn: Mr. Ed Hoeve, M. Eng., P. Eng.

o

{ Bluefish Hydro has two dams which regulate water flow through the system.

! One dam is located at the south west end of Duncan Lake and is called the

l Duncan Lake Dam, while the other is called Bluefish Dam and is located at the
south end of Bluefish Lake. Both facilities are located north of the City of
Yellowknife.

The scope of work was to visually inspect the above noted facilities and
" determine if there appeared to be any structural concerns which should be
. brought to the attention of the owner. The inspections were done on Oct 18,
| 1996, with transportation being provided by helicopter.

Bluefish Dam;

This dam was originally constructed in the early 1940's and was a timber crib
and rock filled structure. In 1972 remedial work was done.

Obsarvations:

There is seepage through this dam. The water was examined and was found to
be clear, free from sediment. The dam crest was visually inspected for lateral
deflection and settlement and some minor horizontal movement was apparent.

{ The timbers and decking that were replaced in 1972 appear to be in good
condition. The rock on the downstream side of the dam is not as high as the
‘ design drawings indicate and about 10 feet (vertical) of the original timber

1 cribbing is exposed near the centre of the dam.

{ The spillway was examined and all appeared to be in working order. The hoist’
| mechanism for the concrete logs appeared operational and there was no
accumulation of debris. There was no evidence of beaver activity. The spillway
{ ; abutments which are located on bedrock show no signs of leakags.
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,f Recommendations:

The lateral deflection noted could be occurring in the dam, or in the new decking
which is now 24 years old. It should be noted that the deflection noted could
B ‘ also be “as built".

It is recommended that two datum points be installed each side of the dam, in
{ bedrock, so this lateral deflection can be documented and monitored during

future inspections.

! The original timber cribbing should be examined for rot. If there is any
degradation, or if any movement is detected from the proposed datum points,
consideration should be given to the placement of additional rock fill against the
downstream exposed cribbing.

Duncan Lake Dam:

This dam was built in 1974. It is a mass concrete structure located on boulders
and fragmented rock. Leakage is occurring between the concrete and the
surrounding grade. A temporary repair was instigated in 1994 and consisted of
installing a liner on the upstream side of the dam. There is no evidence of
erosion and the liner is working in that it has been “sucked” against the vertical
upstream dam face and we presume also the river bottom. The plastic liner has
been held in place with a combination of plastic bags filled with gravel and ropes

1 ~ tied to the edge of the liner, then to shore.

v There is no evidence of any deflections and the hoists to control water level
{ appear operational. There is no debris or beaver activity present to interfere with
v water flow.

Recommendations:

The “temporary” liner is very temporary in appearance and its installation should
be monitored. We do not know how it will perform in mid winter when ice is
present but a more permanent repair should be instigated.

It is understood that access is difficult, but possibly sealing material could be
hauled to the site on a winter road.

Hope the above comments will aid in the preparation of your report .....
‘j | Yours truly,

Girvan and Associates Ltd.

|
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.{V : lan Girvan, P.Eng.




b APPENDIX D - EXTRACTS ACRES (1981) REPORT ON DAM REPAIRS




P Py

COMINCO LTD.

Rehabilitation of Dam Seepage Control
Phase I1
Bluefish Hydroelectric Plant

' REPORT ON DAM REPAIRS

‘ December 1981
! P6436.00

Bt

Acres Consulting Services Limited




TABLE OF CONTENTS

Page
1 - INTRODUCTION eeeevesncecnesn ceeesenanse cesessstesnns R |
2 - MAIN DAM REPAIRS ceeeeceecsces ceenns ceccecssressssnnnnnnan 3
2.1 Design Considerations seeeeceeeenes cesees cessesssense 3
2.2 Material Quantities and Prices «ceceeeecerecennnnene . b
2.3 Construction Schedule seeeeeeeeesceesscscnaanse cerans 8
3 = CAPITAL COST ESTIMATE teveveeencsnoenscansonsanssannssnnss 11

APPENDIX A - Borrow Grain Size Distribution




i
{
i
{

1 - INTRODUCTION

The purpose of this report is to review and update rehabilitation
measures proposed for the Bluefish Dam. This includes a review of the
concept and design of the dam repairs, the revision of preliminary
drawings outlining the recommended dam repairs, an examination of
construction schedule considerations, and a revision of the capital
cost estimate for the dam repairs.

The Bluefish Hydroelectric Plant consists of a main dam, a stoplogged
exit channel and a single unit intake/penstock/powerhouse. The 580-ft
(177 m) long main dam consists of two non-overflow sections (144 ft (44
m) and 208-ft (63.5 m) long, respectively) separated by a 228 ft (69.5
m) long, uncontrolled, overflow section. The main dam structure is a
rockfilled timber crib with an upstream timber facing to reduce
seepage.

During the winter of 1978 remedial work was performed on the timber
crib as the first phase of measures to reduce the quantity of seepage
through the dam. This report outlines the proposed second phase of the
main dam repairs. This is to include the addition of an earthfill
section butting against the upstream side of the existing timber crib
and the replacement of eroded rockfill downstream of the overflow
section. The earthfill section is shown on Drawings 4707-C-103 and
4707-C-104 included with this report. Basically, it consists of a
granular fill embankment protected by a one foot (0.3 m) thick granular
filter and a two foot (0.6 m) thick layer of riprap. The embankment is
to be built to a maximum el 608 and has a maximum top width of 28 ft
(8.5 m) at this elevation. Before placing the fill, a polyethylene
lining and a layer of filter fabric are to be placed on the timber crib
and extend a minimum of 10 ft (3 m) upstream of the crib along the lake
bottom. Where the upstream toe of the crib is above the construction
water level, a concrete fillet with a nominal thickness of 3 ft (0.9 m)
will be placed at the toe to cut-off seepage under the crib.



It is extremely difficult to assess the "on-site" effectiveness of the
second phase of the main dam repairs but it is estimated that these
modifications should reduce the seepage now occurring by greater than
75 percent. An assessment of the actual impact on the leakage through
the dam should be carried out after the work has been completed and the

reservoir has been allowed to refill.

The seepage figure will also depend upon the extent of seepage under
the spillway structure itself. This could be remedied by pressure
grouting and would more easily be accomplished during the summer
months. If a major plant expansion was to be undertaken it could be

ML
ENEE IR

done at that time if required.

y The following sections outline the design of the dam repairs and the
H associated costs and quantities in more detail.

T
'
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2 - MAIN DAM REPAIR

2.1 - Design Considerations

The main objective of these remedial measures is to substantially
reduce the amount of seepage through the dam.

The repairs to the crib done in 1978 included replacement of planking

only to approximately el 607. This did not significantly reduce the
high rate of seepage through and under the toe of the timber crib,
therefore, these additional remedial measures must address the problem
of seepage through the crib below el 607 and seepage under the toe of

the crib for its entire length.

The choice of the best means to reduce the seepage was dictated, in
part, by the stratigraphy at the site. The timber crib is located on a

bedrock ridge running across the river. Downstream of the crib, the
bedrock decreases in elevation abruptly. On the upstream side of the
crib, the 1978 diver's report and depth soundings indicated the
presence of a gently sloping region of bedrock covered by a thin veneer

of silt. Near the toe of the crib and along the abutments, fine
rockfill of varying thickness was found. The relatively flat

stratigraphy and shallow depth of water upstream of the timber crib
indicated that an earth fill section built upstream of the crib was the

most economical means of reducing seepage under and through the timber
crib.

During the construction period the elevation of Bluefish Lake should be
drawn down to about el 604. A portion of the upstream toe of the
timber crib at the abutments will be above water level during
construction. For those portions of the timber crib, a concrete fillet
with a maximum thickness of 3 ft (0.9 m) and a top width of 5 ft (1.5
m) is the most suitable means of reducing seepage. It will provide a
competent, impermeable barrier to seepage through and under



the timber crib. The 3 ft (0.9 m) thickness will be maintained until
the toe of the crib reaches el 611, at which time the thickness of the
fillet will be gradually decreased.

5 For the portion of the timber crib whose toe is below el 604, an

- earthfill section built in the wet will be used to reduce the seepage.
The height of the crest of the earthfill section was based chiefly on
hydraulic considerations. Since the earthfill section will pass
immediately in front of the overflow spillway section, it must not
interfere with the discharge capacity of the spillway. Hydraulic
calculations indicate that an earthfill section could be raised to el

608 without impairing the discharge capacity of the overflow spillway
section (crest el 610).

The composition of the earthfill section was based chiefly on borrow

P I |

material availability. In the preliminary investigation done in 1978,
a deposit of potential impervious mateial was identified near the site.

e |

However, the extent, suitability and accessibility is questionable.
The exploration and preparation of this material during the winter
could be quite difficult due to its frozen nature. Therefore for the

‘l

purposes of the cost estimate and design of the repairs it is proposed
to use granular borrow located near the Town of Yellowknife. Recent

1

sample gradations from a pit operated by Robinson Trucking in
Yellowknife and a pit called Haners were supplied by a Dieter Eigenbrod
from EBA Engineering in Edmonton. He also supplied a sample gradation
for the crushed rock produced at the Con Mine. These gradations are
shown on Figure 1. The medium to fine sand (Robinson pit sample Nos. 2
and 3) is of a low enough permeability to act as core material for the

embankment. The crushed rock produced at the Con Mine (see Appendix A)
has a grading which will allow it to act as a bedding material between
the medium to fine sand and the overlying riprap. The riprap is

|

required to protect the embankment from wave action generated in
Bluefish Lake and from high water velocities experienced during periods

Rl |

of flow over the overflow spillway. Based on hydraulic

Il |
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calculations, riprap with a nominal size of 14 inches (360 mm) has been
chosen. This material can be quarried at the site. There are two
existing quarries shown on the plan in Drawing 4707-C-103.

In order to prevent the possibility of migration of the core material
through the timber planking of the crib, a filter cloth is necessary
between the core material and the timber crib. In conjunction with the
filter cloth, a polyethylene liner is to be placed along the upstream
face of the timber crib and under the core material. The polyethylene

sheet is intended as an inexpensive, secondary method of reducing the
seepage. Both the polyethylene and the filter cloth will be attached

to the upstream edge of the timber crib at el 607. They will then be
individually placed over the upstream edge of the crib and sunk in

place using lead weights and sandbags. They are to extend a minimum of
10 ft (3 m) upstream of the toe of the timber crib (see Drawing No.
4707-C-104). In those areas identified during construction as having a
large amount of dumped rockfill in front of the crib, attempts should
be made to extend the filter cloth and polyethylene past the maximum
extent of the dumped rockfill. It should be noted that previous

remedial repairs only extended to el 607. The earthfill section and
the polyethylene would then complete a seepage barrier for the dam.

The geometry of the earthfill section was based primarily on placement

requirements. It is anticipated that the core of the section (the
medium to fine sand) will be constructed by end dumping to create a

berm extending from one abutment to the other in front of the timber
crib. A minimum width of 15 ft (4.6 m) will be necessary to provide

adequate working space for placing and compacting the core. The
maximum elevation of the earthfill (el 608) is controlied by hydraulic

considerations as is the minimum thickness for the riprap zone (2 ft)
(0.6 m). The minimum thickness of the filter material was set a 1 ft

(0.3 m) for ease of placement. The slopes of the earthfill above
construction water level were set at 2.25H:1V for the core and 1.5H:1V

for the filter and riprap zones. Below construction water level these
slopes will be at the natural angles of repose of the materials in the

zones, and are exepcted to be close to the above water slopes.



Preliminary cross-sections of the proposed dam repairs are shown on

Drawings Nos. 4707-C-103 and 4707-C-104. The granular Class 1 is a
medium to fine sand. The granular Class 2 is the crushed rock from Con

Mine and the riprap Class 3 is a quarried rock.

Downstream of the crest of the overflow spillway section, a portion of
the existing rockfill has been lTowered or washed out during spilling

periods. Based on hydraulic considerations, a 27 inch (690 mm) nominal
size riprap is required to prevent further downstream erosion. This

riprap is to be placed to a level just below the downstream slope the
spillway crest and can be quarried at the site.

2.2 - Material Quantities and Prices

The material quantities for the proposed construction are based on the

plan and sections shown on Drawing Nos. 4707-C-103 and 4707-C-104. It
is assumed that the lake level during construction, and thus the

minimum ground surface elevation to which Section E-E applies, is el
604. Section 3 summarizes the estimated quantities and prices for the

proposed construction.

The cost of Item 1, constructing a winter road to the site, could be
quite variable. The cost of initial opening of the winter road during

the 1978 remedial work was approximately $800. However, maintenance
costs are unpredictable.

The cost of ready-mix concrete in Yellowknife in 1981 was $87.20 per cu
yd (from Capital Transit Mix in Yellowknife). However, the local
manufacturer indicated no interest in delivering to site because of the

Tength of haul and the use of winter roads. The cost of making
concrete on site was estimated using the ready-mix pnice, an allowance

for transportation, and an allowance for placement and hauling during
winter weather. Section 3 shows the estimated cost for this item as

$250 per cu yd.
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The cost of the Class 1 and Class 2 granular materials delivered to

site was based on an estimate obtained form Robinson Trucking in
Yellowknife. The cost of the Class 1 includes both the price of the

material and the price of delivery to the site; whereas the Class 2
cost only includes delivery and not the cost of crushing the rock at

Con Mine. Robinson Trucking indicated that their estimate was based on
a 3.25 hr round-trip to site using eight trucks (four at 10 cu yd and
four at 20 cu yd) making three trips a day. The cost of the Class 3
and Class 4 riprap includes only drilling and blasting at the quarry.
The cost of hauling and placing the material is additional and included
elsewhere in the estimate.

The quantity of polyethylene and filter cloth required is dependent on

the available width of roll and the amount of overlap between sheets.
The plan area to be covered upstream of the rock crib was estimated as

approximatley 13 000 sq ft. (1208 m2).

The 6 mil thick polyethylene is available in widths from 20 ft (6 m) to
40 ft (12 m) but 32 ft (10 m) width is probably the most practical in

terms of handling and placement. An overlap of 50 percent was assumed
for each width to establish the total quantity required. The

polyethylene rolls could be shipped form Edmonton to Yellowknife using
Byers Transport.

The quantity of filter cloth required was based on using a 3 ft (0.9 m)

overlap between sheets and a 29.5 ft (9 m) wide roll. The minimum
overlap was recommneded by one of the filter fabric manufacturers,

Synflex Industries Inc. The price given in Section 3 is based on the
cost of Synflex Permaliner 2300 delivered to Yellowknife.

The lead weights listed in Section 3 are the split lead type commonly

used in the fishing industry. It is anticipated that they could be
attached to the upstream edges of the filter cloth and poiyethylene to

accomplish in-place submergence.



The costs quoted earlier for construction materials did not include

placing. It is estimated that the following major machinery will be
required for placing and loading materials, removing ice and snow, and

other general construction activities: a rubber tired backhoe-front
end loader, a large track-mounted backhoe, and a rubber-tired front-end

loader. The rubber-tired front-end loader will be required on site
during the entire construction period. A total of 30 days at 10 hours

per day was assumed for the purpose of estimating the cost of the
backhoe front-end loader. Robinson Trucking indicated the rental rate

of a small rubber-tired backhoe (1-1/4 dcu yd) to be $100 per hour.
The large trackmounted backhoe and the rubber-tired front-end loader

were assumed to be necessary for 15 days each at $1,000 per day. The
equipment costs for the job are listed in Item 5 in Section 3.

Estimated labour costs include three general labourers at $7 per hour
for a total of 90 man-days. This is shown as Item 6 in Section 3.

2.3 - Construction Schedu]e

Prior to beginning of construction activities on the site, & winter
road along Prosperous Lake must be opened. During the 1978 dam
repairs, the thickness of the ice on Prosperous Lake increased from
approximately 2 ft (0.6 m) to 3 ft (0.9 m) during the ten days after
opening the winter road. Therefore, opening of the winter road should
precede the beginning of construction by at least one to two weeks.

The 1imiting factor in the construction schedule is probably the time
required to haul the Class 1 and Class 2 granular materials to the
site. Robinson Trucking has used a hauling rate of 325 cu yd per day
in their price estimate. Based on this, approximately 14 days of
hauling would be required. A haul period of approximately 20 days may

be conservatively assumed. in the construction schedule to allow for
equipment down time, weather, etc.
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The anticipated spring break-up usually occurs around the final week in
April. A total construction period of approximatley 30 to 35 days is
reasonable from the time the winter road is mobilized to
demobilization. Allowing two weeks for the formation of a winter road
and one week for possible early spring break-up, the construction of
the winter road should commence by at least the second or third week in
February.






