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Your fife 
Votre reference 

O
u

r fife 
N
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Subject: 
Q

Z
99-043 P

art A
 S

ection 10: 
D

am
 S

afety A
ssessm

ent o
f the M

t. N
ansen 

T
ailings D

am
 

A
ttached is a report subm

itted by K
lohn-C

rippen C
onsultants L

td (K
lohn), that is the interim

 
phase o

f the D
am

 S
afety A

ssessm
ent being undertaken by the D

epartm
ent o

f Indian A
ffairs and 

N
orthern D

evelopm
ent (D

IA
N

D
) for the M

t N
ansen T

ailings D
am

. T
he report w

as w
ritten 

subsequent to a com
pilation and review

 o
f data by E

B
A

 E
ngineering C

onsultants L
td (E

B
A

) 

T
he K

lohn report review
s the perform

ance o
f som

e aspects o
f the dam

 and outlines further data 
requirem

ents necessary for prediction o
f seism

ic perform
ance o

f the structure. It is currently 
anticipated that this data m

ay be obtained by a drilling program
 in the spring or early sum

m
er this 

year. A
lthough the report predicts an adequate static factor o

f safety for the dam
, seism

ic and 
long term

 perform
ance o

f the dam
 rem

ain outstanding issues. T
he report did not evaluate the 

consequences o
f excess pore pressures induced by thaw

ing o
f the dam

 foundation. 

S
ince subm

ission o
f the O

ctober 1999 letter report, the D
epartm

ent (D
IA

N
D

) has im
plem

ented 
several recom

m
endations and is aw

aiting further analysis on others. T
he dam

 has been 
resurveyed and settlem

ent pins installed. S
eepage quality and quantity do not m

eet design 
expectations and as a result o

f the quality, the seepage m
ust be pum

ped back to the m
ain tailings 

pond. In N
ovem

ber a flow
 m

eter w
as installed on the seepage return line in order to get m

ore 
accurate estim

ates o
f the rate o

f seepage and the volum
e returned to the pond. T

he pond level has 
been low

ered by approxim
ately 400 m

m
 through the treat and release o

f tailings supernatant 
w

hich w
as carried out until D

ecem
ber 15th 1999. A

s a result the w
idth o

f the beach has been 
increased, but is estim

ated not to have reached the desired 50 m
. w

idth along the entire dam
 crest 

length. 

T
his report is sent only for your inform

ation, how
ever if you should have any questions please 

do not hesitate to call m
yself at 667 3225 or M

r D
avid S

herstone at 667 3145. 
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W
e are pleased to subm

it under the cover o
f this letter 12 copies o

f our project data 
review

 report. 
T

he purpose o
f this report is to provide an update o

f our project data 
review

 for your subm
ission to the Y

ukon T
erritory W

ater B
oard. 

T
his review

 form
s part 

o
f our ongoing darn safety assessm

ent o
f the existing tailings darn at B

Y
G

's M
ount 

N
ansen M

ine. 
A

 list o
f available project data is included in the reference section o

f this 
report. 

O
ur prelim

inary review
 to date indicates that the B

Y
G

 tailings darn appears to have 
adequate static safety factors against slope instability under its current general condition. 
H

ow
ever, potential seasonal and local conditions could influence the actual static safety 

factors. 
O

ngoing instrum
entation reading and darn inspection are required to m

onitor the 
darn stability. 

In our report, tasks required for the evaluation o
f the seism

ic stability o
f the tailings darn 

are outlined. 
O

ther long-term
 and im

m
ediate darn safety related issues are also briefly 

discussed for your consideration o
f the long-term

 care and m
aintenance o

f the m
ine site 

facilities. 

Y
ours truly, 

K
L

O
H

N
-C

R
IP

P
E

N
 C

O
N

S
U

L
T

A
N

T
S

 L
T

D
. 

R
obert C

. L
o, P.E

ng. 
Project M

anager 

cc: 
M

r. C
ord H

am
ilton, E

B
A

 E
ngineering C

onsultants L
td. 
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T
his review

 o
f project data w

as carried out as part o
f an assignm

ent by :Y
ater R

esources 

D
ivision o

f the D
epartm

ent o
f Indian A

ffairs and N
orthern D

evelopm
ent (D

IA
N

D
) -

Y
ukon R

egion to E
B

A
 and K

lohn-C
rippen to com

plete a dam
 safety assessm

ent o
f the 

existing tailings dam
 at B

Y
G

's M
ount N

ansen M
ine. 

T
he follow

ing outlines relevant 

references related to the history o
f the B

Y
G

 tailings im
poundm

ent. 

D
am

 D
esign

 

T
he 

final 
design 

o
f the 

tailings 
im

poundm
ent 

w
as 

docum
ented 

in 
a 

report 
by 

K
lohn-C

rippen (1995). 
T

he report covers the follow
ing aspects: the characterization o

f 

site conditions, the design o
f the M

ain T
ailings D

am
, S

eepage C
ontrol D

am
 and w

ater 

m
anagem

ent 
system

, 
construction 

and 
instrum

entation 
m

onitoring. 
Six 

appendices 

contain: test hole and test pit logs, laboratory data, therm
istor readings, therm

al, stability 

and seepage analyses and w
ater balance calculations. 

D
am

 C
on

stru
ction

 

T
he M

ain T
ailings D

am
 (D

am
 1) and S

eepage C
ontrol D

am
 (D

am
 2) w

ere constructed 

m
ainly o

f natural sandfill borrow
ed from

 various borrow
 pits upstream

 and dow
nstream

 

o
f the M

ain T
ailings D

am
. 

T
he construction o

f the M
ain T

ailings D
am

, Seepage C
ontrol 

D
am

, N
orth D

iversion D
itch and E

m
ergency S

pillw
ay w

ere com
pleted in the fall 

o
f 

1996, and docum
ented in a report by K

lohn-C
rippen (1996). 

T
he report describes the 

borrow
 m

aterials, the construction o
f the M

ain T
ailings D

am
, Seepage C

ontrol D
am

, 

E
m

ergency S
pillw

ay, perm
anent and tem

porary 
D

iversion D
itches, the installation o

f 

additional 
therm

istors 
and 

pneum
atic 

piezom
eters, 

the 
ongoing 

m
onitoring 

and 

m
aintenance as 

w
ell 

as 
construction related 

issues 
such as 

w
aste 

areas, 
haul 

roads, 

upstream
 

cofferdam
, 

construction 
equipm

ent 
and 

dew
atering. 

E
ight 

appendices 

sum
m

arize field and laboratory construction control test data, geotextile m
anufacturer's 

PM
 8808 01.400 

991220 

K
lohn-C

rippen 
P

age 1 
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specifications, therm
istor readings, D

om
e C

reek w
eir flow

s, construction contract, field 

daily, w
eekly reports, m

em
oranda, and m

eeting m
inutes. 

T
ailings Im

poundm
ent O

peration 

T
he im

poundm
ent w

as used for tailings storage from
 approxim

ately the late fall o
f 1996 

to the spring o
f 1999 w

ith a brief shutdow
n o

f about 3.5 m
onths in the w

inter o
f 1997-

1998. 
T

he m
ining operation ceased in the spring o

f 1999 due to the bankruptcy o
f the 

B
.Y

.G
. N

atural R
esources (B

Y
G

), and the m
ine site facilities w

ere initially in the care o
f 

the m
ine receiver, and now

 K
etza C

onstruction on behalf o
f D

IA
N

D
. 

T
he 1997 and 1998 

annual review
 reports w

ere prepared by B
Y

G
 (1998 and 1999) during its operation. 

In the spring o
f 1997, the N

orth D
iversion D

itch w
as extended along the w

est perim
eter 

o
f the tailings im

poundm
ent (K

lohn-C
rippen 1997). 

L
ater in the sum

m
er, a toe buttress 

berm
 w

as added to im
prove the dow

nstream
 slope stability as w

ell as to control seepage 

that w
as exiting on the dow

nstream
 slope o

f the M
ain T

ailings D
am

 w
ith accom

panied 

internal "piping" erosion o
f dam

fill m
aterials (G

eo-E
ngineering 1997 and E

B
A

 1999b ). 

S
om

e o
f the existing dam

 instrum
entation w

as destroyed during the berm
 construction. 

D
am

age to the N
orth D

iversion D
itch and E

m
ergency S

pillw
ay C

hannel during snow
m

elt 

w
as 

review
ed 

by 
V

ista 
(1997); 

repair 
and 

ongoing m
aintenance 

o
f the 

E
m

ergency 

S
pillw

ay have been im
plem

ented. 

In the spring o
f 1998 new

 piezom
eters and therm

istors w
ere installed to replace the non

functional 
and 

dam
aged original instrum

entation (E
B

A
 

1998). 
T

he N
orth D

iversion 

D
itch w

as also repaired. 
A

ll records obtained from
 the 1998 instrum

entation program
 for 

the period from
 A

pril 1998 to D
ecem

ber 1999 w
ere review

ed by E
B

A
 (1999a). 

T
he 

results o
f their data review

 form
 the basis o

f our dam
 evaluation presented in S

ection 3.2. 

P
M

 8808 01.400 
991220 
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P
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T
he tailings pond level record indicates that the pond level rose steadily from

 M
arch 13, 

1997 at E
l. 1145.7 m

 to A
ugust 13, 1997 at E

l. 1150.03 m
, except for m

inor brief drops. 

T
he pond level dropped to E

l. 1149.73 m
 on A

ugust 27, 1997 and stayed in a narrow
 

range betw
een E

l. 1149.55 m
 to E

l. 1149.88 m
 until January 20, 

1999. 
T

here w
as an 

exceptionally low
 pond level reading o

f E
l. 1149.16 m

 on F
ebruary 8, 1999. 

T
he pond 

level rose from
 E

l. 1149. 77 m
 on A

pril 21, 1999 to E
l. 1150.1 m

 on July 4, 
1999 and 

essentially stayed around E
l. 1150 m

 until O
ctober 16, 1999. 

Since then, the pond level 

dropped gradually to E
l. 1149.6 m

 on D
ecem

ber 3, 1999, the date o
f the last reading in 

the record review
ed by us. 

T
he original invert elevation o

f the em
ergency spillw

ay inlet w
as set at E

l. 1149.7 m
at its 

upstream
 end. 

H
ow

ever, the recent survey by Y
ukon E

ngineering S
ervices (Y

E
S 1999) 

conducted 
on 

O
ctober 28-31, 

1999 
indicated that 

the 
present 

invert 
elevation 

is 
at 

E
l. 1150.6 m

. 
F

igure 1 presents the M
ain T

ailings D
am

 in plan based on this recent 

survey. 
T

o date the highest recorded pond level w
as at E

l. 1150.13 m
 on S

eptem
ber 18, 

1999, and no surface w
ater has been spilled over the em

ergency spillw
ay. 

T
hus, the 

higher 
invert elevation obtained 

by 
the 

O
ctober 

1999 
survey 

is 
consistent w

ith the 

recorded pond levels. 

PM
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O
n S

eptem
ber 16, 1999 our R

obert L
o visited the site together w

ith M
r. B

ud M
cA

lpine 

o
f D

IA
N

D
, M

r. C
ord H

am
ilton o

f E
B

A
 and M

r. M
ilos S

tepanek o
f G

eo-engineering. 
A

 

site visit report w
as issued on O

ctober 19, 1999 (K
lohn-C

rippen 1999), presenting our 

general im
pression o

f the current condition o
f the B

Y
G

 T
ailings Im

poundm
ent as w

ell as 

identifying 
som

e 
issues 

related 
to 

the 
safety 

and 
integrity 

o
f the 

dam
 that require 

im
m

ediate attention. 
T

he report w
as prepared in consultation w

ith M
r. C

ord H
am

ilton o
f 

E
B

A
. 

F
our recom

m
endations outlined in the report are: 

1. 
L

ow
er the tailings pond level to m

aintain a tailings beach w
ith a m

inim
um

 
w

idth o
f about 50 m

 at all tim
es. 

2. 
Install a flow

 m
eter at the pum

p located at the Seepage R
ecovery Pond to 

im
prove the ongoing seepage m

onitoring. 

3. 
Investigate the existing condition o

f the E
m

ergency Spillw
ay C

hannel to 
check w

hat im
provem

ents to the slope protection o
f the channel m

ay be 
required. 

4. 
C

arry out a survey on the M
ain D

am
 including the dow

nstream
 buttress 

berm
, em

ergency spillw
ay, the N

orth and W
est D

iversion D
itches and 

accessible tailings beach above w
ater as w

ell as the Seepage C
ontrol D

am
. 

Item
s #2 and #4 have essentially been im

plem
ented, and the installed flow

 m
eter and new

 

survey have provided valuable project data to assist in our review
. 

W
orks related to 

Item
s #1 and #3 are ongoing, and additional surveys w

ill be carried out, as required, to 

supplem
ent the O

ctober 1999 survey. 
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3. 
P

R
E

S
E

N
T

 C
O

N
D

IT
IO

N
 

3.1 
T

ailings Im
p

ou
n

d
m

en
t 

W
e understand that no surface w

ater has been spilled from
 the E

m
ergency S

pillw
ay 

C
hannel to date. 

D
uring our site visit on S

eptem
ber 16, 1999, the pond level w

as near its 

historical high (about E
l. 1150.1 m

). S
ince then, the pond level dropped gradually for 

about 0.5 m
 to E

l. 1149.6 m
 on D

ecem
ber 3, 1999. 

T
he design crest elevation o

f the 

M
ain T

ailings D
am

 is 
at 

E
l. 1151.5 m

. 
T

he 
recent 

survey 
indicates 

the 
dam

 
crest 

elevation in a range o
f E

l. 1151.23 m
 to E

l. 1151.61 m
, and the present invert elevation o

f 

the E
m

ergency 
S

pillw
ay inlet channel 

at 
E

l. 1150.6 m
 

(about 0.5 m
 higher than the 

highest pond level, 0.9 m
 below

 the design crest elevation o
f the dam

, and 0.6 m
 below

 

the present low
est point along the dam

 crest). 
T

he tailings beach surface at the south end 

o
f the dam

 assum
es an average slope o

f about 1.4 %
 as m

easured in the survey. 
T

he 

beach slope in other areas w
as not surveyed due to difficult ground conditions. 

C
urrently the operation o

f the w
ater treatm

ent plant as w
ell as the site m

aintenance and 

m
onitoring are carried out by K

etza C
onstruction, w

hich acts as the m
ine caretaker for 

D
IA

N
D

. 

3.2 
M

ain T
ailings D

am
 

3.2.1 
Site O

bservations 

T
he M

ain T
ailings D

am
, in general, appeared to be in good condition during our site 

visit. 
O

utlined in the follow
ing are som

e observations in specific areas: 

• 
T

he dow
nstream

 slope o
f the buttress berm

 near the right (south) abutm
ent 

has 
local 

depressions 
and 

extensive 
cracks. 

T
w

o 
survey 

pins 
w

ere 
installed in the area to serve as reference points for 

facilitating 
future 

com
parisons. 

In 
review

ing 
the 

circum
stances 

o
f 

the 
1997 

berm
 

construction, E
B

A
 considers that the surficial signs o

f fill adjustm
ent m

ay 
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be attributed to the ongoing internal erosion and m
igration o

f sand fill into 
the coarser m

aterials used to fill in an erosion channel present at the tim
e 

along the original dam
 toe in the area. 

• 
O

ngoing erosion w
as observed at a dow

nstream
 diversion trench located at 

the south abutm
ent, starting from

 the south end o
f the M

ain T
ailings D

am
 

and continuing beyond the south end o
f the S

eepage C
ontrol D

am
. 

• 
Seepage w

as observed daylighting along the dow
nstream

 toe o
f the M

ain 
T

ailings D
am

 buttress berm
. 

T
he seepage w

as concentrated on the south 
abutm

ent side and in the m
iddle o

f the berm
 toe. 

H
ow

ever, at both points 
it w

as flow
ing clear through the coarse rock fill that form

s the toe o
f the 

buttress 
berm

. 
W

e 
understand 

that 
suspended 

solids 
in 

the 
seepage 

recovery pond have been higher than current. 

3.2.2 
P

erm
afrost D

egradation and D
am

 Settlem
ent 

E
B

A
 

review
ed 

records 
o

f those 
therm

istors 
installed 

m
 

1998 
at 

10 
boreholes 

(see 

F
igure 1 for their locations), and reported in their data review

 (T
able 2 in E

B
A

 1999a) 

that the foundation thaw
 depth w

ithin the dam
 proper (B

oreholes B
H

 #1 to #3, #5, #6 and 

#8) ranges from
 about 0.75 m

a
t B

orehole B
H

 #1 to a m
axim

um
 depth o

f 3.6 m
 to 4.9 m

 

at B
orehole B

H
 #3. 

T
he concerns o

f perm
afrost degradation o

f the dam
 foundation are 

elaborated in S
ection 5 .1. 

T
he present m

axim
um

 dam
 crest settlem

ent as determ
ined by the com

parison o
f the 1999 

survey data and the original design crest elevation o
f E

l. 1151.5 m
 is 

about 0.27 m
, 

assum
ing that no new

 fill has been added to com
pensate for the ongoing dam

 settlem
ent 

since the com
pletion o

f the dam
 construction. 

If additional fill has been added in the 

past, the total crest settlem
ent w

ill 
be 

larger than that deduced here. 
T

he review
 o

f 

settlem
ent pin data by E

B
A

 (1999d) also collaborates w
ith the above observation. 
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·Piezom
etric levels for five boreholes (B

oreholes B
H

 #1 to #3, #5 and #7) w
ere plotted 

together w
ith the pond level by E

B
A

 (1999a). 
T

hese data are presented in F
igures 2 to 6, 

using the sam
e scale for both the piezom

etric and pond levels. 

L
im

it-equilibrium
 stability analyses w

ere carried out for the dow
nstream

 slope o
f the 

m
axim

um
 dam

 section based on the geom
etry o

f the dam
 and its dow

nstream
 berm

 as 

show
n on F

igure 1. 
S

alient features o
f the stability analyses including the soil properties 

(also sum
m

arized in T
able 1), piezom

etric levels, failure surfaces and static safety factors 

are sum
m

arized in F
igure 7. 

A
s show

n in T
able 1, tw

o sets o
f strength param

eters w
ere 

used: 
(1) 

design 
strength set used 

in 
the 

design 
report 

(K
lohn-C

rippen 
1995); 

and 

(2) reduced strength set, used to investigate the possible effect o
f reduced strength. 

D
uring foundation preparation for dam

 construction, the surficial organic layer w
as not 

rem
oved due to its frozen condition and the lim

itation o
f construction equipm

ent (K
lohn

C
rippen 1996). 

E
B

A
 (1998) instrum

entation installation record confirm
s the presence o

f 

the organic layer, w
ith a thickness in the range o

f 0.5 m
 to 2.8 m

, beneath the dam
 base at 

the borehole locations. 
T

he review
 by E

B
A

 ( 1999a) o
f the therm

istor data indicates that 

the organic layer at B
oreholes B

H
 #2 

and #5 
has already thaw

ed out, w
hile that at 

B
oreholes B

H
 # 1, #6 and #8 still has a frozen zone w

ith a thickness in the range o
f 0.5 m

 

to 2 m
. 

T
hus, during the period o

f potentially ongoing thaw
ing o

f the frozen organic 

subsoil, relative higher foundation pore pressure m
ay exist locally prior to its dissipation 

due to consolidation. 
T

his could influence the local stability in the area, w
here the pore 

pressure is tem
porarily elevated. 

In our analyses, the highest recorded pore pressures at 

the existing piezom
eters w

ere used. 
N

o additional allow
ance w

as m
ade for even higher 

pore pressures due to thaw
ing than those recorded to date. 
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A
nother seasonal effect as observed in the past is the freezing o

f the surficial foundation 

layer, w
hich could, in turn, im

pede the drainage o
f the foundation seepage and raise the 

foundation pore pressure. 
T

he ongoing instrum
entation m

onitoring program
 w

ill provide 

valuable data to assess the significance o
f this seasonal effect. 

T
able 1 

S
u

m
m

ary o
f Soil P

roperties < 1>
 U

sed in Stability A
nalyses 

M
A

T
E

R
IA

L
 

U
N

IT
 W

E
IG

H
T

 
FIC

T
IO

N
 A

N
G

L
E

 (D
egrees) 

(kN
/M

3) 
R

educed Strength 
D

esign Strength 
U

pstream
 T

ailings D
eposits 

17 
25 

30 
D

am
 Fill 

19 
30 

34 
D

ow
nstream

 
B

erm
 Fill 

19 
30 

34 
T

haw
ed Foundation 

19 
25 

30 
(I) 

S01l properties show
n m

 T
able I are the sam

e as those presented m
 the design report (K

lohn-C
nppen 

1995). 

T
able 2 sum

m
arizes the static safety factors against dow

nstream
 slope instability. 

A
s 

show
n in the table, the static safety factors o

f the dow
nstream

 slope are in a range o
f 1.5 

to 3.0 (w
ith design strength), w

ith a m
inim

um
 value o

f about 1.5 near the surface o
f the 

dow
nstream

 berm
 slope. 

W
ith the reduced strength, the corresponding static safety 

factors 
are in a range o

f 1.3 to 2.5, w
ith a m

inim
um

 value o
f about 1.3 near the surface o

f 

the 
dow

nstream
 

berm
 

slope. 
T

hese 
prelim

inary 
results 

indicate 
that 

the 
general 

dow
nstream

 slope appears to be stable. 
H

ow
ever, potential seasonal and local conditions 

could influence the actual static safety factors, and should be further exam
ined closely in 

order to ensure the dam
 stability in the long-term

 condition. 

T
he dow

nstream
 slope stability under the seism

ic condition w
as not analyzed at this tim

e. 

T
w

o im
portant factors need to be evaluated first before the seism

ic stability could be 

confidently assessed. 
T

hese factors are: the seism
ic resistance o

f the dam
 foundation and 

dam
 fill and seism

ic hazard as outlined in S
ections 4.1 and 4.2. 
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T
he upstream

 dam
 slope is very stable in both static and seism

ic conditions, as its slope 

stability is augm
ented by the w

eight o
f the tailings deposits overlying the dam

 slope. 

T
ab

le 2 
S

u
m

m
ary o

f Static Safety F
actors again

st D
ow

nstream
 S

lop
e Instability 

F
A

IL
U

R
E

\ 
I 

F
A

C
T

O
R

 O
F

 S
A

F
E

T
Y

 (B
ishop M

ethod) 
S

U
R

F
A

C
E

 
R

educed S
trength 

D
esign S

trength 
I 

1.5 
1.8 

2 
1.7 

2.0 
3 

2.5 
3.0 

4 
1.5 

1.9 
5 

1.6 
1.9 

6 
1.9 

2.3 
7 

1.9 
2.2 

(1) 
Infinite 

slope 
parallel 

to 
D

ow
nstream

 
B

erm
 

S
urface: 

F
actor 

o
f Safety =

 
1.5 

(D
esign 

S
trength) 

and 1.3 (R
educed S

trength). 

3.2.4 
D

am
 Seepage 

A
 flow

 m
eter w

as installed in N
ovem

ber 1999 to m
easure the seepage returning from

 the 

S
eepage R

ecovery P
ond to the tailings pond near the discharge end o

f the pum
p-back line 

(E
B

A
 1999c). 

T
he flow

 rates calculated from
 both the daily and cum

ulative records from
 

N
ovem

ber 3 1999 to D
ecem

ber 4, 1999 are plotted on F
igure 8. 

T
he form

er represents 

the m
easured daily pum

ping rate, w
hile the latter reflects the average pum

ping rate up to 

a specific date. 
E

B
A

 (1999c) also review
ed B

Y
G

's seepage records from
 M

arch 29, 

1999 to N
ovem

ber 2, 1999 and concluded that a seepage pum
p-back rate in the range o

f 

2.6 1/s to 2.9 1/s probably reflects the seepage condition not significantly affected by 

snow
m

elt or precipitation. 
T

his m
onitored seepage rate is about one order o

f m
agnitude 

higher than the value o
f 0.2 1/s estim

ated in the design report (K
lehn-C

rippen 1995). 
T

he 

potential reason for this difference 
is the fact that throughout the life o

f the tailings 

im
poundm

ent high pond levels have been m
aintained. 

T
hus, the tailings beach is o

f 

insufficient w
idth to act as the m

ain seepage barrier as envisaged in the original design. 
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T
he general appearance o

f the S
eepage C

ontrol D
am

 w
as sim

ilar to that o
f the M

ain 

T
ailings D

am
 during our site visit. 

S
om

e w
ater w

as im
pounded in the Seepage R

ecovery 

Pond, and reddish stains w
ere visible. A

 vertical culvert pipe w
as also observed leaning. 

D
ow

nstream
 

o
f the 

Seepage 
C

ontrol 
D

am
, 

seepage 
w

as 
observed 

to 
exit 

from
 

its 

dow
nstream

 toe at three locations. 
W

e understand that dow
nstream

 o
f the 

S
eepage 

C
ontrol D

am
 heaving o

f the creek bed w
as observed in the w

inter o
f 1998-1999, possibly 

due to freezing o
f seepage under the surficial frozen zone. 

N
orth and W

est D
iversion D

itches and E
m

ergen
cy Spillw

ay C
hannel 

T
he N

orth D
iversion D

itch diverts D
om

e C
reek from

 the northw
est com

er o
f the tailings 

im
poundm

ent along its north perim
eter and returns 

the flow
 back into 

D
om

e C
reek 

dow
nstream

 o
f the Seepage R

ecovery Pond. 
Its dow

nstream
 segm

ent shares the channel 

w
ith the E

m
ergency S

pillw
ay outlet channel. 

T
he extended W

est D
iversion D

itch picks 

up additional surface runoff along the w
est perim

eter o
f the tailings im

poundm
ent. 

In 

June 1997, V
ista (1997) review

ed the condition o
f the E

m
ergency Spillw

ay C
hannel and 

the N
orth D

iversion D
itch, and 

m
ade recom

m
endations 

for their m
aintenance. 

T
he 

tailings im
poundm

ent drainage aspect w
as review

ed by V
ista in February 1998 (V

ista 

1998), and an im
pervious lining w

as recom
m

ended for the existing D
iversion D

itches to 

reduce the entrance o
f ongoing seepage from

 the D
iversion D

itches into the tailings pond. 

Sand and silt sedim
ents generally covered the ditch bottom

 along the W
est D

iversion 

D
itch and the upstream

 segm
ent o

f the N
orth D

iversion D
itch. 

A
s the gradient increases 

along 
the 

dow
nstream

 
segm

ent 
o

f the 
N

orth 
D

iversion 
D

itch, 
the 

riprap 
protection 

reduces the dow
ncutting o

f the ditch invert. 
O

ngoing erosion and side slope adjustm
ent 

as w
ell as signs o

f slope-protection m
aintenance w

ere visible. 
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T
he m

ining operation at M
t. N

ansen m
ine ceased in the spring o

f 1999. N
orm

ally in such 

a case the m
ine w

ould be decom
m

issioned in an orderly m
anner. 

K
.lohn-C

rippen (1995) 

recom
m

ended ongoing m
onitoring o

f the foundation thaw
ing, and at the tim

e· o
f m

ine 

closure to review
 the dam

 design earthquake, insitu density and liquefaction potential o
f 

the thaw
ed foundation m

aterials. 
In this section, w

e outline those issues that need to be 

addressed 
so 

that 
the 

long-term
 

condition 
o

f the 
tailings 

dam
 

could 
be 

evaluated 

(C
D

A
 1999), and long-term

 strategies for the dam
 developed. 

D
am

 F
oundation and D

am
 F

ill 

Since the original dam
 foundation involved prim

arily fine sands in perm
afrost condition, 

the insitu density o
f the thaw

ed foundation m
aterials is critical inform

ation that needs to 

be obtained in the next phase. 
In addition, the characteristics o

f the thaw
ed insitu organic 

layer should also be investigated to confirm
 its potential influence on the overall static 

and seism
ic dam

 stability. 

T
he dam

 construction records (K
lohn-C

rippen 1996) also suggest that the dam
 fill density 

m
ay not have uniform

ly achieved the specified m
inim

um
 value o

f 95%
 o

f the O
ptim

um
 

Standard P
roctor D

ensity. 
L

ow
-density areas in the dow

nstream
 section m

ay include the 

layer 
im

m
ediately 

above 
the 

dam
/foundation 

contact, 
low

er 
portions 

o
f the 

north 

abutm
ent and a zone betw

een E
l. 1136 m

 and 1148 m
. 

In addition, the construction o
f 

the 1997 dow
nstream

 toe berm
 w

as carried out as an em
ergency repair operation, and the 

w
ork w

as not m
onitored in its entirety by an independent engineering firm

 (E
B

A
 1999b ). 

T
hus, the proposed field investigation should include the evaluation o

f the insitu density 

o
f both the thaw

ed foundation 
soil 

and the 
fill 

m
aterials 

in 
the 

M
ain D

am
 

and 
its 

dow
nstream

 buttress berm
, w

here construction records show
 potential density deficiency. 
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C
D

A
 (1999) stated that dam

s shall 
be designed and evaluated to 

w
ithstand ground 

m
otions associated w

ith a m
axim

um
 design earthquake (M

D
E

), w
ithout release o

f the 

reservoir. 
S

election o
f the M

D
E

 for a dam
 shall be based on the consequences o

f dam
 

failure. 
T

his task should be undertaken in the next phase o
f dam

 safety assessm
ent. 

Seism
ic Stability o

f M
ain T

ailings D
am

 

T
he inform

ation to 
be acquired in S

ections 4.1 
and 4.2 w

ill be used to analyze the 

stability o
f the M

ain T
ailings D

am
 under the design earthquake condition com

patible 

w
ith the site seism

icity and dam
 failure consequences. 

Q
uality o

f Surface and G
rou

n
d

w
ater 

W
e 

understand that the quality o
f m

ine site surface and groundw
ater is an 

ongoing 

environm
ental issue. 

T
hus, the ongoing surface and groundw

ater m
anagem

ent issues w
ill 

be intertw
ined w

ith the dam
 safety issues, as the tw

o are closely related. 
A

lthough the 

environm
ental issue is outside the present scope o

f dam
 safety assessm

ent, it should be 

pursued concurrently so that an optim
al strategy could be developed for the closure o

f the 

m
ine site facilities. 

P
erm

anent Spillw
ay 

T
he existing spillw

ay is only an em
ergency spillw

ay. 
T

he issue o
f perm

anent spillw
ay 

needs to be addressed after the future direction o
f m

ine site w
ater m

anagem
ent is clearly 

defined. 
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T
his 

section presents 
im

m
ediate 

dam
 

safety 
issues 

related 
to 

its 
ongom

g 
care 

and 

m
aintenance during the 

interim
 period before the 

long-term
 

strategy on the 
dam

 
is 

developed. 

S
eep

age-In
d

u
ced

 In
tern

al E
rosion

 

T
he tailings im

poundm
ent has experienced high pond levels during m

ost o
f its operation 

life since 1997. 
S

ince the shutdow
n o

f m
ining operation in the spring o

f 1999, the pond 

level rose and stayed at the m
axim

um
 level o

f around E
l. 1150 m

 until O
ctober 1999. 

T
he latest pond level record indicates a pond level at E

l. 1149.6 m
 on D

ecem
ber 3, 1999. 

T
his practice o

f m
aintaining high pond levels has contravened the original design prem

ise 

o
f m

aintaining a significant w
idth o

f tailings beach as the m
ain defense against seepage 

through the dam
 and its foundation and abutm

ents. 
A

s a result, the dam
 itself has to rely 

m
ore on the perform

ance o
f a G

eosynthetic C
lay L

iner placed along the upstream
 face o

f 

the dam
, w

hich w
as originally intended as a tem

porary seepage barrier, acting as a second 

line o
f defense against seepage. 

T
he lack o

f significant w
idth o

f tailings beach also 

exacerbates the seepage through the dam
 foundation and abutm

ents due to m
uch shorter 

seepage paths than originally intended. 

F
or these reasons, seepage flow

 has exceeded the original design estim
ates. 

T
he ongoing 

seepage 
not only increases the potential 

for 
internal 

erosion; 
it 

also 
accelerates 

the 

ongoing degradation o
f the foundation perm

afrost. 
T

he degradation process transform
s 

the upper portion o
f the stable, relatively im

pervious perm
afrost foundation into thaw

ed, 

less stable and m
ore pervious and erodible silt-sand m

aterials. 
A

s the perm
afrost thaw

s, 

the seepage zone w
ill be enlarged w

ith an ensuing increase in foundation and abutm
ent 

seepage, 
w

hich w
ill further degrade the perm

afrost foundation. 
T

he existing project 
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database does not perm
it the evaluation o

f w
hether the ongoing process o

f perm
afrost 

degradation and seepage flow
 has developed fully to a steady state. 

A
s m

ore reliable data 

is collected, it is im
portant to check the future trend o

f foundation thaw
ing and seepage. 

M
oreover, the num

ber o
f site 

staff has been drastically reduced to 
a few

 
since the 

shutdow
n o

f the m
ining operation. 

T
he lim

ited and poor condition o
f the equipm

ent left 

on site and the existing infrastructure are inadequate to cope w
ith any significant dam



related em
ergency situations. 

It is, therefore, critically im
portant to increase the safety 

m
argin against a seepage-induced dam

 incident or even failure by increasing substantially 

the w
idth o

f the prevailing tailings beach. 

D
am

 O
vertop

p
in

g 

T
he present defense against dam

 overtopping is the em
ergency spillw

ay. 
Its proper 

functioning 
during 

flood 
events w

ill be critical 
for 

preventing dam
 overtopping and 

ensuing breach o
f the tailings pond. 

S
afety E

n
h

an
cem

en
t M

easu
res 

T
o reduce the above tw

o threats against the tailings dam
, particularly during the spring 

freshet next year, w
e recom

m
end that the follow

ing actions be taken as early as practical: 

1. 
L

ow
er the tailings pond level to m

aintain a tailings beach w
ith a m

inim
um

 
w

idth o
f about 50 m

 at all tim
es; 

2. 
Investigate the cause o

f the local depressions and extensive cracks along 
the dow

nstream
 slope o

f the buttress berm
 near the right (south) abutm

ent 
area, and review

 potential m
easures to im

prove the situation; and 

3. 
Investigate the existing condition o

f the em
ergency spillw

ay channel to 
check w

hat im
provem

ents to the slope protection o
f the channel m

ay be 
required. 

T
his investigation should be carried out to a dow

nstream
 point, 

w
here the M

ain D
am

 w
ill no longer be threatened if the flow

 jum
ps out o

f 
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the 
spillw

ay 
channel. 

T
he 

thorough 
review

 
o

f the 
site 

record 
and 

discussion w
ith personnel fam

iliar w
ith the past m

ine operation by E
B

A
 

should be continued. 

W
e trust that this report m

eets your requirem
ents at this tim

e, and w
e w

ill w
ork closely 

w
ith D

IA
N

D
 and E

B
A

 in the next phase o
f the present assignm

ent. 

Y
ours truly, 

K
L

O
H

N
-C

R
IP

P
E

N
 C

O
N

S
U

L
T

A
N

T
S

 L
T

D
. 

R
obert C

. L
o, P .E

ng. 
P

roject M
anager 
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