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F ATER RESERYOIR - REP |
|

PURP

Reports received from Fox-M states that water is seeping through the berms of the Fresh
Water Reservoir. On July 21, 1993, Mansukh Shah traveled to Fox-M to examine the
condition of the Reservoir, prepare a report and provide recommendations for remedial
measnres. '

|

|

|

The potable/fresh water rescrvoir is located West of the main site. From the data |

available, approximately 35 years ago an earth dam was built in the middle of the existing

lake and berms constructed along the perimeter of the banks forming the present |

Resurvoir. No data is available 2s to the type of material, sealing compound or adhesive

used during the construction of the Reservoir. The Reservoir is the prime source of fresh w

water supply for both the site and the community of Hail Beach. | o . ¢ %
| o e

According to FSC in Virginia, water seepage had been noticed in 1981. Bentonite ;was & @ T

sprayed on the surface of the Rescrvoir in 1985 to seal the loaks. Reports are unayailable _~t"

as to the extent of water seepage experienced in 1981 and the results of repairs. |

BACKG

The reservoir does not indicate the presence of Aquatic life and it is difficult to coﬁﬁrm
whether the Aquatic Lifc fias ever existed in the Reservoir or the lake. Fish may be
extinct, as a result of spraying, (i.¢. sedimentation method), Bentonite in 1985. |

There is no possibility of hauling water from other sources in Winter. There are m]J lakes

or ponds, within the vicinity of 20 km. of the site, deep enough to provide potable:water
during Winter, |

L IN THE ARCTIC

Generally the lakes in the Arctic are shallow and freeze to the bottom during Wmter
Increasing the depth of the lake by blasting, dredging, excavation or conatruction of
giavel berms results in disturbance of the permaftost in the Arctic.

ESH W CSE

The reservoir is approxamatcly 550 to 500 meters long by 400 to 350 meters wxde Depth

of water in the rescrvoir varies from 1.2 meters along the perimeter 10 4.2 meters in the
middle and along the dam. |
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|
The catchment area, West of the reservoir, is the water supply source. The land around
the catchment area and along the Westem edge of the reservoir is at a higher elevation
than that found East of the rescrvoir., ;

The water gravity feeds through the catchment area via a channel and into the rcsel‘!voir ‘
A sluice gate at the South-East comer controls the flow of water in the reservoir. An
averflow culvert at the North- West corner regulates the water level. The excess \batcr
flows, via the culvert, along the North edge of the dam and into the {ake. |

The excass water from the catchment area has two run-off paths; the first being aloLg the
Scuth side of channci and reservoir and into the ocean, the second being along the 'West
edge of the reservoir, into the lake and subsequently into the ocean. ‘

WATER SUMPTION AN

The Hamiet of Hall Beach consumed approximately 16 nullion liters of water during the
period from April 1992 to March 1993. The population is approximately 550 persbns.
During the same period, the North Waming Site consumed 7 miltion liters of watef
population average being 70 persons per day. |

The roads leading 10 the Reservoir and surrounding areas and the Reservoir are ‘
maintained by the NWS. Ncither The Hamlet or the Government of the Northwem
Territories contribute toward the maintenance costs of these facilities.

-

OBS ATIONS ;
The following are observations made during examination of the Reservoir, the Darfn and
the Berms © |

|
1. The depth of water in the reservoir varies from 1.2 meters along the periphery
of the berms 10 a maximum of 4.2 meters in the center of the reservoir and along the
length of the dam. No turbulence or other activity was obscrved in the areas of scepage

through the berms,
|

2. Deposits of Bentonite and silt are evident at the bottom of the reservoir

3. At several location the sides of the Dam show severe erosion.

4. There is no evidence of water seepage through the Dam structure, !

5. The Dam is made of well consolidated gravel fill. The fill consists of
aggregates mixed with silt but no binding material is evident. |
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6.. Water is seeping through approximately about 70% of berm along the Elast side
of the reservoir. At several locations the seepage is severe. The Site has tried |
unsuccessfully to seal the leaks with gravel. \

|
7. The Berm along the South side of the reservoir is leaking along it's length.
Seepage is severe in scveral locations. |
|
|
8. The Bast and South side berms are severely eroded in several places. Wlash out
of silt/clay material is also evident. |
|
9. Water is also seeping at locations along West side berm. This seepage is not
serious, as the differential water level in the reservoir and cutside the reservoir is
approximately 200 mm. Head loss by water secpage on the West side of the reservoir will
not have significant impact on reservoir's capacity.

10. The West side berm is severely eroded at several locations.

13, The East, West and South side berms, consisting of the same material Eas the
Dam, ate well consolidated. ' :
g

12. It seems the reservoir has been leaking over the past few years. Theseleaks
have progressed over years and become severe. :
!

|

1. The reservoir was built about 35 years ago. It is reasonable 1o assume that the
settlement of the ground and the disturbance of the permafrost along the Dam anc{ the
berms has subsided by now. The permafrost should have penetrated into the Dam and the
berms forming a natural barrier against water seepage, however this may not be the case.
In Winter water freezes 1o a depth of approximately 1.8 meters. The water below ice is
above the freezing point and may prevent the penetration of permafrost into the upper
layer of the berms and the Dam. Blasting the bottom of the reservoir and making use of
the natural permafrost ground as barrier against seepage is an option. This is costly and
may disturb the stability of the Dam and the berms. f

TIONS - TECHNICAL

2. The reservoir presently holds approximately 600 million liters of watcrj In
Winter water freezes upto a depth of 1.8 meters. Water from the bottom 450 mm depth
cannot be used. This leaves approximately 245 million liters, (2 meters head), of potable
water for winter use. Leaving the reservoir in its present condition may result in serious
reduction of holding capacity and ultimately the unavailability of water. |

3. Construction of berms with impermeable liners adjacent to the exi stirxgI berms

along the East and South sides. Protect berms with gabions. Spray bentonite over other
areas of the reservoir to seal minor leaks. |

\K‘N .. %“"\oe . ) :
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4, Emptying the rescrvoir, grading the East snd South side berms and insta‘ling
impermeable lincrs or suitable materials, Protecting berms with gabions. Spraying
bentonite over other areas of the reservoir to seal of minor leaks.

58 Spraying Bentonite over entire lake and monitoring the results. Protecting
berms with gabions. oo

5b. Spraying Bentonite along the East and South side berms and monitoring the
results. Protecting berms with gabions. !
: |

o |

6. Drilling holes and injecting impermeable expandable grout into the East and
South sidc berms. Protecting berms with gabions. Spraying hentonite over other qrcas of
the reservoir to seal of minor leaks. |

i

Continuous leaks through the berms are undermining these earthen structures. Failure of
these structures will result in the creation of health and safety hazards at Hall Beach.

I
|

RECENT REPORT FROM SITE

3
b

Repott received from site recently indicates the water level in the reservoir has dropped by

L 300 mm. After accounting for water used by the site and the Hamlet and loss dueto
- evaporation, this drop amounts to approximately 35 milfon liers of water loss du¢ to
leaks. i
D D LOGISTICS CON '

|
Unavailability of geotechnical information, past record of the Reservoir, the logistical
difficultics in mobilizing equipment and material, short Arctic Summer construction season
and the unpredictablo Arctic weather makes it is diffienit to estimate costs of varidus
options within reasonable parameters. =

For the present, the problems which contribute to water seepage are understood tp be as

follows - . |
a. The carth berms lack binding or sealing material |
b. The earth berms wese constructed on top of the tundra and the compressed
tundra bencath the berms remains permeable.
c. Seasonal thawing and freezing disturbs the berms and the tundra resulting

in increased water seepage.

In order to understand the above problems and to arrive at a reasonable permanent
- solution, it is advisable to carry-out a geotechnical investigation prior to the final design.

DAM FOXM A
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RECOMME ONS - TE L

Option 1, blasting the bottom of the reservoir is not advisable. This may destabilize the
Dam and the Berms. ;

Option 2, taking no action is not advisable. The Site and the Hamlet may loose their only
water supply source.

Option 3, is expensive but is probably the best long term permanent solution. Will require
a geotechnical investigation prior to final design. Should the impiementation of the
project be spread over two construction seasons, the Site and the Hamlet will have water
for Winter use.

Option 4, is expensive and not advisable as the reservoir is the water resource. Reservoir
will have to be emptied, sides and bottom dredged, sides will have to be sloped and gravel
will have to be processcd to protect the liner. All this activity will result in project being
spread over two years and as such the Site and the Hamlet will lose their Winter water
source for one season, .

Option Sa, is not a guaranteed solution. The seepage along East and South sides is
= severe and there is a risk of bentonite of being washed out through these highly permeable
areas of the dyke. However Option 5b could be implemented.

Option 5b, is inexpensive and can be implemented in a short period of time. But this
solution is not guaranteed. If due to the logistic problems, the selected Option or other
solution cannot be implemented next construction season, it is advisable to implement
Option 5b as temporary remedial measure.

Option 6, to inject impermeable expandable grout will require a thorough geotechnical

investigation. May resuit in extra cost if additional holes are required other than those
anticipated in the design.

EN AL ISSUES

Adoption of any solution should incorporate all environmental issues, at each design
stage. Selection of material with regards to pollution and protection of
surroundings as far as possible should be considered carefully.
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Baroid
Product Information

L e MBANSTEUOS s s

MARCID, BENSEAL. L2 MUD AND QUIK-GEL a1 teg
Capymghi? 1980 Nasrud ©reruvatan

e BENSEAL®
>“J \:pbfofv*a?}d;‘gr
"‘f . &:\ " s
;?’ ‘ ¥ S Sealing and Plugging Agent
; g
-id’é BENSEAL® is a specielly processed coarse ground, non-drilling mud grade benionite for use in

sealing and giouting well casings and earthen structures.

Recommended Uses:

BENSEAL? pruvides supeilor sealing qualities wo:

Seel and grout plastic or steel casings

8eal enginesring tost study holes.

Plug and abanden minerals exploration holes and
sgismic shot holes.

Soal conductor pips in and around mud tanks.

Seal ponds, dams and ditohes.

Major Advantages:

Convenient, single ssck product. BENSEAL® s
safe and easy to use.

Stable in sterage.

Yieids slowly for maximum ollds withaut excessive
thickening.

Pumps easily with minimum pump pressure.

Ellminates probiems caused by premature set-

ting up.

Forms a psrmanant, lexible seal. BENSEAL is
not subject to permanent drying, shrinking or cracking.

Reduces formatidn fracturing which ¢ould
cause sgaling 1088 because BENSEAL is lighter than
cerent.

Does not gensrate heat upon setting up.

Prevents commingling of aquifers and contamina-
ton from surface sources.

Protects casing from corrosive waters.

Allows hole reentry without mud contamination.

Compatible with BAROID® weight material. Den-
sity may be increased to control artesian conditions or -
other subsurface overpressures,

Recommended Treatment:
BENSEAL® forms an excellent sea! when properly
applied For effactive sanling the maximum number of

s of Pargud Technol

Ty I

swelling particles is required; this is contrary to what is
desired in » dilling fluid. BENSEAL parforms most affi.

cigntly in fresh water.

Casing Seal — Cable Tools

1. Dig a cone-shapad deprassion arcund the casing
(diarneter 1 {oot, depth 1 {oof).

2. Kaap cone-shapad depression filled with dry
BENSEAL as the casing is being driven,

3. Example: 24 pounds per foot of 4" casing.

Lost Returns

1. Begin with the pit full of mud or water.

2. Ralse pump suttion off bottom and place a shovel
next to it and shightly under suction, _

3. Slowly pour dry BENSEAL into space betweeu
shovel and suction, and pump It down the hoie.

BENSEAL/Sand Mixture —

Qrouting and Pumpling

BENSEAL and sand, mix well, dry, in a ratio of 1:2,
develop permeabilities of K= 1 x 10" cm/sec.

This mixture can be poured from top into holes not
over 100 feet deep and through less rhan 90 feet of
water.

BENSEAL/Sand iy often used 1o set shaltow casing,
heat-pumps, eic.

Parmeability test data avatlable on tequest.

Sealing Earihan Structures

Work BENSEAL® into 1the soil, ¢covering com-
pletely the area which will be under water. Normal
treatment 1s berween 1 and 2 pounds par square foot
depending on the condition of the s0il. To ireat a
water filled structure. broadcast BENSEAL evenly
over the entire area. in above amounts,

SIHOH
Priveed v U.5.A

Buroid Drilling Fiuidy, Ine.
PO Box 1875 Houston, Teras 77201
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Typical Physical Properties:

Butk Density, uncompacted: 71.7 b/t
Bulk Density, compactad: 78.4 b/it
Molisturs: 10%
Dry Screen Analysls: % on8 mesh 1
% an 20 mesh 85
% thru 200 mesh 3
Environmental Information:
Toxic Substances Control Act:
Listad by components in Initial Inventory, July 1979.
Toxicity Data: ‘
LC,, = 96 HR {Rainbow trout) b,
10, ODO pm

LC,, P56 HR (Mysidopsis bahia) - e m’

>} oooomppm L= !
BENSEAL' is not a hazardous waste or a hazardous
material as defined In EPA criteria and listing 40 CFR Part
261, or DOT eriteria and listing 49 CFR Part 172.
BENSEAL' and other bentanites contain free silica which
according to IARC has exhibited limited evidence of car-
cinogenicity in humans.

Qxtry 1o R Gk {\\
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Physical Characteristics:
Appérance — beige fo tan powder
Specific gravity — 2.516 2.6 i
Mineralogical Analyses (typical)

85% Montmorillonite
5% Quartz
5% Feldspars :
2% Cristobalite |
2% lllite .
1% Calcium and Gypsum
Chemical Analyses (typical)
55.44% $10,

20.14% ALQ,
3.67% Fe,0,
0.49% Cad ;
2.49% MgD
2.76% Na,0
0.60% K0

5.50% Bound Water
8.00% Moisture at 220°F

99.09% TOTAL |

|
Availability:
BENSEAL® may be purchased thré)ugh Baroid Service
Centers, QUIK-GEL® retatlers, or ftoi'n the Houston Cus-
tomer Service Department.

Packaging:
BENSEAL? is packaged in mi,llti -walled, water
resistant paper bags containing 50 poynds {22.7 kg).
_ i

Because the conditions of use of this produet are bevond seller’s control. the praduct s sold without wallnmy wither
express or implied and upon cendilion that purchaer make ile awn tests 1o determine the suitablibity for purchaser's appli-
cation. Purchaser assumss ali rish of uss and hamdling of this product. :

Tiis product will be replaced if defective in manulacture or packaging or H damaged. Except {or such mnbceﬂ\]em, seller is

nat liabk: for any damages causad by this product orits use.

The staterments and rccommendations mada hereln are believed 1o be accuarats. No guaranter of their accurdcy is made,

however




