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The Teton Dam Failure — A Retrospective Review

La Rupture du Barrage de Téton — Un Examen Retrospectif

H.B. SEED and
J.M. DUNCAN

SYNOPSIS

Professors of Civil Engineering, University of California, Berkeley, CA, USA

This paper reviews the events leading to the failure of Teton Dam in Idaho on

June 5, 1976 and the investigations, conducted over a period of several years, to determine the

cause of the failure.

Conclusions are presented regarding the probable trigger mechanisms which

initiated the failure, the mechanics of failure and the significant lessons concerning earth dam
design and construction resulting from the investigations.

INTRODUCTION

The failure of Teton Dam in Idaho in June, 1976,
during the first filling of the reservoir, was a
significant event for geotechnical engineers
concerned with the design and construction of
earth dams--simply because no dam of such a
height (approximately 300 ft above stream bed)
had previously failed. Thus the failure was
both dramatic and of considerable import.

At the International Conference in Tokyo in 1977
a report on this event was presented and a
detailed account of the failure has been publish-
ed in the Case History Volume of the Proceedings
of that Conference (Chadwick, 198l1). During the
intervening period a number of additional
studies have been made to clarify the probable
cause of this catastrophic event. Some of these
have received passing mention in magazines and
journals but it seems appropriate, now that all
studies have essentially drawn to a close, to
review the entire event and the results of all
the investigations in an attempt to put them in
their proper perspective.

Following the failure two investigation groups
were formed.

1. The Independent Panel to Review the Cause of
Failure, consisting of a number of experts
in dam engineering including Arthur Casagrande,
Ralph Peck, Wallace Chadwick, and others. The
report of this Panel was published in Decem-
ber, 1976. One of the writers had the pri-
vilege of serving on this Panel and the views
expressed in the following pages are un-
doubtedly influenced by observations from
this vantage point.

and

2. A Panel of leading engineers and geologists
drawn from Government agencies since Teton
Dam was designed by a Government agency.
This Panel, designated the Interior Review
Group (IRG), continued its studies long after
the Independent Panel ceased to exist.

The following review is based on the investiga-

tions and findings of both of these Panels, but
the conclusions presented are those of the
writers. It is appropriate first to give a brief
review of significant features of the design and
construction of the dam which undoubtedly had
some bearing on the possible cause of the
failure.

SITE CONDITIONS AND DAM DESIGN

The Teton Dam was located in a steep-walled
canyon cut by the Teton River into a volcanic
plateau known as the Rexburg Bench. A cross-—
section of the canyon approximately along the
axis of the dam is shown in Fig. 1. The walls

of the canyon consist of later Tertiary rhyolite
welded-tuff which is strongly jointed, with joint
widths varying at different elevations typically
between 1/4 to 3 inches but with occasional
joints up to 12 inches wide. Alluvium has been
deposited in the river channel to a depth of
about 100 ft and the high lands near the ends of
the dam are covered with an aeolian silt deposit
up to about 30 ft thick. The primary features

of the site are the extensive joint system in

the rhyolite-tuff which makes it extremely perme-
able and the abundance of the wind-blown silt
deposit which led the designers to use substan-
tial quantities of this material in the dam
cross-section.

Extensive site exploration work was performed
prior to construction. Percolation tests in the
rock showed it to be capable of transmitting
volumes of water over 100 gallons/minute. Pump-
in tests in five drill holes showed similar
results. In one hole, 280 ft deep, pumping water
at the rate of 440 gpm for a period of two weeks
only raised the water level in the hole by 185 ft
but the effects were observed in holes 1000 ft
away. These investigations confirmed the
presence of an extensive interconnecting system
of joints which made the rock extremely perme-
able and indicated the need to seal the joints

in order to reduce the leakage to acceptable
guantities.

In order to investigate the possibility of seal-
ing the upper foundation rock by grouting, an
extensive pilot grouting program was conducted
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on the left abutment. Twenty-three holes were
drilled, grouted and pressure-tested. There were
significant takes in several holes. 1In fact the
amount of grout injected in two holes exceeded
the amount estimated for the whole program.
These two holes took 15,700 sacks of cement and
17,800 cu ft of sand. The grout curtain test
holes also showed exceptionally high takes at
depths less than 70 ft with some grout travelling
as much as 300 ft downstream. By thickening the
grout using cement-sand mixes and calcium chlor-
ide the leaks tended to seal. However one per-
sistent leak between 30 and 70 ft depths could
not be filled to refusal.

Subsequently the area where the pilot-grouting
program had been performed was core-drilled and
water-pressure tested. Most of the test inter-
vals showed little water loss.

On the basis of this test program, it was con-
cluded that it would be more economical to remove
the top 70 ft of rock in the abutments above

El. 5100 rather than attempt to grout in this
zone, leading to the subsequent adoption of a
design incorporating a 70 ft deep key trench to
prevent seepage.

Tests on the windblown silt deposit showed it to
have good strength characteristics and low perme-
ability (of the order of 5 x 10~% cm/sec) but to
be erodible and brittle. In order to minimize
damage to the environment however, a decision

was made to use as much as possible of the silt
in the embankment section with a corresponding
reduction in sand and gravel requirements.

EMBANKMENT DESIGN

On the basis of the site exploration program,
the final design of the embankment had the con-
figuration shown in Figs. 2 and 3. A wide core
zone of the aeolian silt (upstream slope 1 on
1-1/2 and downstream slope 1 on 1) was supported
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by upstream and downstream shells consisting
mainly of sand, gravel and cobbles. 1In the main
section of the dam, the impervious core was
extended through the foundation alluvium by means
of a 100 ft deep cut-off trench backfilled with
the silt. On the abutments above El. 5100, a
similar section was adopted but key trenches
with a base width of 30 ft and side slopes of
1/2 on 1 were excavated through the upper 70 ft
of permeable rock and backfilled with the silty
material used in the core of the dam.

Downstream of the core was a drainage zone of
selected sand and gravels. However no transi-
tion zone was provided between the core and the
sand and gravel, nor between the impervious core
and the river bed alluvium or between the key
trench f£fill and the rock walls on the downstream
side of the key trench. However the core mater-
ial in the key trench was placed directly against
the rock using special compaction of a 2 ft wide
zone of core material placed at a water content
above optimum. Compaction of this zone was by
hand-operated compactors or rubber-tired equip-
ment.

In addition, the design required that joints
encountered in the bottom of the key trench be
treated by cleaning and low-pressure grouting.

A grout curtain was also installed along the full
length of the dam, some holes extending to depths
of 300 ft. Grout holes were along a single line
with primary holes 10 ft apart, and split spacing
where the primary holes did not indicate a tight
curtain. However lines of barrier holes, in-
tended to prevent excessive flow of grout from
the main grout curtain, were installed on 20 ft
centers 10 ft upstream and downstream of the main
grout curtain. It was not required that either
the upstream or downstream rows of holes should
form tight curtains.

To help prevent seepage, the key trenches and
grout curtain were continued well beyond the ends
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of the embankment, the curtain extending 1000 ft
into the right abutment and 500 ft into the left
abutment.

Thus, as noted in the report of the Independent
Panel, "The final design depended for seepage
control almost exclusively on the impervious
core, the key trench backfill and on the grout
curtain...the only downstream defense against
cracking in the impervious fill or against con-
centrated leakage through it was the drainage
zone and this did not extend into the key
trenches." In the key trenches the silt back-
fill was in direct contact with the jointed
rock.

No instrumentation other than settlement monu-
ments was provided to monitor the performance of
the embankment.

l
1Grout holes at approx. IO crs
1

0 100 200 300f
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Cross-Section Through Center Portion of Embankment Founded on Alluvium

Typical Cross-Section Over Abutment Sections Founded on Jointed Rhyolite

RESERVOIR FILLING

Reservoir filling began in November 1965, and
the water level began to rise rapidly during

the Spring of 1966. It was intended that the
filling rate would be restricted to one foot per
day, but a heavier than expected spring run-off
from the watershed together with a delay in
completing the river outlet works led to a much
higher rate of filling which during May 1966
reached about four feet per day. By June 5, the
day of the failure, the water level stood at

El. 5302, just 3 ft below spillway crest eleva-
tion and 30 ft below the embankment crest.

THE FAILURE

On June 3, two days before failure occurred, some
small springs, flowing in total at about 100 gpm,
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were observed at riverbed level about 1500 ft
downstream from the embankment. On June 4, some
additional springs with a flow of about 20 gpm
had developed about 400 ft from the downstream
toe. An inspection of the upstream and down-
stream slopes of the embankment at about 9:00 pm
that night showed no unusual condition however.

On June 5 at about 7:00 am, when the first workers
reached the site, water was observed to be flow-
ing from the downstream face of the embankment
about 130 ft below the crest (at about El. 5200),
the flow of about 2 cu ft per second coming from
a point near the junction of the embankment and
the abutment at about Station 14+00 on the right
abutment. At about the same time a flow of

about 25 cu ft per second was observed emerging
from the talus near the toe of the embankment.

The water in this latter flow was clearly dirty.
In the next three hours the rate of flow from

the higher elevation gradually increased to about
15 cu ft per second and at about 10:30 am, one
eyewitness reports a loud burst and a coincident
movement of the seepage to a point about 15 ft in
from the abutment. From this time onwards the
seepage increased rapidly accompanied by progres-
sive upward erosion; at 11:20 am the eroded hole
in the dam was so large that bulldozers sent to
fill the hole sank into the flow, and at about
11:55 am the dam crest was breached and a complete
failure occurred. The resulting flooding down-
stream caused the loss of 14 lives and about

400 million dollars in damage. A view of the
embankment after failure is shown in Fig. 4.

Fig. 4
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INVESTIGATIONS BY THE INDEPENDENT PANEL (1976)

The flow of water through the gap in the embank-
ment led to erosion of both the embankment and a
portion of the underlying rock. A cross-section
through the embankment showing the extent of
erosion is shown in Fig. 5.

In the months after the failure the Independent
Panel initiated a number of studies to help
determine the probable cause of failure. A
number of hypotheses were developed and investi-
gated. To aid in these studies, the soil
remaining in the unfailed part of the key trench
on the right abutment, see Fig. 9, was carefully
removed and the walls and base of the key trench
exposed. Joints in the rock at the walls and
base could be clearly seen and two possible
mechanisms of failure emerged:

l. Seepage Under the Grout Cap

The first of these was that seepage under the
grout cap in unsealed joints in the rock could
have led to erosion along the base of the trench
and thereby to a piping failure through the key
trench fill. The conceptual mechanism for such
erosion is illustrated in Fig. 6.

To explore this possibility tests were made to
investigate the transmissibility of joints on
the bottom of the trench near the point where
failure had occurred. For this purpose water
was ponded over selected joints on the upstream
side of the grout cap and observations were made
for resulting flows on the downstream side and
the rate of fall of the pond level.

At Station 13490, for example, a two inch wide
vertical joint was observed striking South 68°
West across the alignment and beneath the grout
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cap. A small pond on the upstream side of this
joint showed a flow rate of 28 gpm but the flow
was limited by the capacity of the hose used for
filling the pond. Such tests revealed a number
of joints between Stations 13+00 and 13490
through which water could pass freely beneath
the grout cap. Accordingly this hypothesis of
failure was considered plausible.

2. Piping through Cracks Caused by Hydraulic
Fracturing or Differential Settlement

Detailed investigations were also made of the
possibility that a piping failure could have been
caused by seepage through cracks in the key
trench fill caused by hydraulic fracturing or
differential settlement.

For this purpose hydro-fracturing tests were
performed in drill holes made into the unfailed
portion of the embankment to determine the water
pressures required to cause fracturing. At the
same time finite element analyses were made to
determine the stress distribution in the embank-
ment. By comparing the results, appropriate
stress-strain parameters were determined which
would correctly predict the results of the
hydro-fracturing tests. These parameters were
then used to evaluate the probable stress dis-
tribution in the section where failure occurred
and thereby assess the possibility of hydraulic
fracturing occurring in the core of the dam due
to water pressure on the upstream face.

The possibility of arching over the key trench
with a corresponding reduction in stress on the
key trench fill is clearly evident from the
geometry of the section shown in Fig. 3. A cal-
culated stress distribution in the embankment
and in the key trench at Station 15+00 before
wetting of the fill is shown in Fig. 7. Vertical

IG DAM A

Profile Along Axis of Dam After Failure
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Fig. 6 Conceptual Mechanism of Failure Due to

Seepage Under Grout Cap

pressures are shown as a proportion of the over-
burden pressure and the marked reduction in
stress in the key trench is clearly apparent.

Finally comparisons were made of the computed
values of transverse stress in the key trench
fill with the water pressures developed on the
upstream side of the fill. It was considered
that fracturing might occur if the water pres-
sure exceeded the sum of the transverse normal
stress and the tensile strength of the soil. A
comparison of these stresses at Station 13470
is shown in Fig. 8. The soil zones where frac-
turing could develop on the basis of the fore-
going concept are shown shaded in the figure.
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From such analyses it was concluded that hydrau-
lic fracturing could possibly have occurred in
the range of Stations 13+70 to 15+00 but it was
not likely to develop elsewhere on the right
abutment. Since this range of stations coin-
cided with position of the seepage and erosion
failure of the dam, the possibility that the
failure could have been caused by this mechanism
was considered plausible.

It was noted that the key trench fill tended to
decrease in volume when wetted under sustained
pressure. Since differential wetting would
occur in the key trench, differential settlements
leading to cracking and reduced stresses in the
wetted portions of the fill could also have
developed.

Conclusions

From these and other studies which eliminated a
number of possible mechanisms of failure, the
Independent Panel concluded in its Report of
December, 1976, that the two triggering mechan-
isms most likely to have led to the failure were:

1. "...the flow of water against the highly
erodible and unprotected key trench filling,
through joints in the unsealed rock immedi-
ately beneath the grout cap near Station
14+00 and the consequent development of an
erosion tunnel across the base of the key
trench fill.

and

2. "...cracking caused by differential strains
or hydraulic fracturing of the core material
filling the key trench. This cracking could
also result in channels through the key
trench fill which would permit rapid inter-
nal erosion.”

The Panel also concluded:

"In either case, leakage occurring through
the key trench ultimately initiated further
erosion along the downstream contact of

the core and the abutment rock. Since the
core material was both easily erodible and
strong, any erosion channels in the core,
along the contact with the rock, readily
developed into large tunnels or pipes
before becoming visible along the down-
stream parts of the dam.

"It should be noted that this description
of the failure mechanism does not provide
a final answer to the specific cause of
failure of Teton Dam. Clearly many aspects
of the site and the embankment design con-
tributed to the failure, but because the
failed section was carried away by the
flood waters, it will probably never be
possible to resolve whether the primary
cause of leakage in the vicinity of

Sta. 14400 was due to imperfect grouting
of the rock below the grout cap, or crack-
ing in the key trench fill, or possibly
both. There is evidence to support both
points of view. Nevertheless, while the
specific cause may be impossible to estab-
lish, the narrowing of the possibilities
to these two aspects of design and con-
struction is likely to serve as an impor-
tant but tragic lesson in the design and
construction of future projects of this type."
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INTERIM REPORT OF THE INTERIOR REVIEW
GROUP (1977)

The Interior Review Group (IRG) which conducted
its own studies but shared information with the
Independent Panel issued an interim report in
1977. The primary conclusions of this report
concerned the mechanism of failure and stated:

"Teton Dam was constructed as specified
and failed as a result of inadequate
protection of the Zone 1 impervious
core material from internal erosion.
The most probable physical mode of
failure was cracking of Zone 1 material
that allowed the initiation of erosion;
however the erosion could have been
initiated by piping at the contact of
the Zone 1 and the rock surface."”

However the IRG went on to recommend additional
investigations as follows:

1. To further test the grout curtain.

2. To excavate the left remnant of the dam
to allow inspection of the embankment-
foundation contact surface and to search
for cracks in the remaining embankment
and for evidence of erosion channels.

16. Volyme 4

and 3. To perform finite element studies of the
left abutment and supporting study of

the relevant parameters.
These additional studies were conducted during
1977-1979 and the results are described in the
following section.

ADDITIONAL STUDIES DURING 1977-79

1. Excavation of Embankment on Right Abutment

(a) Discovery of Wet Seams

During the summer of 1977 the embank-
ment fill overlying the left abutment key trench
was excavated and careful observations were made
of the conditions of the fill. The extent of
this excavation is shown in Fig. 9. No findings
of major significance were noted until the exca-
vation had almost reached the base of the key
trench, when a thin zone of soil of very high
water content was encountered. A few hours
after it was discovered, water was found to be
seeping from the exposed face of this zone. The
zone was termed a "wet seam." The investigations
of the wet seam and other studies are described
in the Final Report of the Interior Review Group,
issued in January, 1980.

225



E1 5333

==

l’;

S

226

Pig. & (Comp@ted Values of Normdh Stress on Transverse Section3in'k&#0Sta. 13+70
anfl Compartison 5&th Upstream Hydrostatic Pressures
1 e
- T
1
I
l
|
|
— 1
i
i
—_— 1
—
STATAONS/#ALONG 20AM AXIS
Lecastinnal 1 1 J
100 o 100 200 300H
Fid. 9% Excavaiivdn ofs EnHhankmeli##on Left Abutment in 1977




% % 4

) )
%3 / 7 % )
)& ) ) 3
? % 4
& C % %3 )
) .
A tORSI0#
% ?
< 1 g " 9%
) # A *>107
% ) 3
) %
8 %
I< & % ) %
% %
) 3 ) -
% 1 % %
0

% )& 9
) 2?0 u< o &
<#0 000 D

-$00M . COM1' 5
% ?2' 00 O#O
17c
& % & %
) 7N %
0'07 & &
)y "0 )B% ' %
& & %
% ) 100 )B%
% . &
&) "$ %, ) 0%
%) % %
' D % &
&) 0%’ % %
S0 L

@

A#

2

0/#1

<

I

& % &
) & % % & )
)
)& ) 34
% % % % '
1" ) ) K (
% & .
) 3 &
%
)3 & ) )
) & % &
% % % % % %
% & %
& 3 )&
= * = '
k= %
1"701 H
I %
& 9 )
I"HC># > % -
.11
% % I"#C
) % '
< ) 3
. %
2 <" @&<"I"#'
% % F
>
-@ & $>!! @ & <<><$1""'2
% %
%% % % @ &
$ <I'F

%

4

++9



%

C
<
%
& 2

@ &

%

% )

"E2 &

) % >
F%

) @&!I"#

) 3 % 'F

% %
%
))& %%
&L !

% )

% .
%
% D

% )

?2) 3 @& # "¢



%

!

<

000
00#0
ll< 1CO
ol7c
%
)3 % 4
% )&
-1
-<1 )&
41 ) % % % &
& ;
) ) H
; ) )
5 8
- % %
3& % )
) 8
) - & %
) ) @&
* =
% % % %
)
% @&
+ %% &
%' F 4
) & & 9 % &
& 8
%
& 8 & &
% F %
I"#
) % % F, & 3
% % % '
% % )&
% H
FL ! % ) @&! I'#'
2%% & 3
% %
@& 't -2 .2<1
F? L !
% @& "#
D %& 3
% % ) &
D 7 N YA
% % &
%)% & L ! % 'F

% PPPPPP*

G & I"#C G

? &2 I"#C ?

2 < @&/

& 11><!

%

%
PPPPPP

& I"#C

& 2 I"#C

@& $>N) @ & <<><$ I"#

& IC>I$ I"'#

) %

% % H

! @& !

@ &
@& Kk

S?

RR:

100 1 P

71 %
L ! %
)& 3

% @ &
"< % %

%

<000 % %& )

& @&

Qz . )

% %
& /

#000

< 000RR /

) %
% )

% & %
& @ &
% 'F

@ & !"#

++-



* - % % H
* 2)
F % 4
& . )
% 'F
3 & %
) ; o y y .
H 5
) &
| El ) % )% &
) 3 %
Cco | .
) 3& % "HC>#
> oo 5 " )
% L !
< 6 & % o | . y
) 3& % o
. ! ‘ % % ) %
% )3 3 .
" % % ) % %
% ) 5 .
pat eas e (% % % %
) ! ) %
T - : % ) & %%
3& % % N |
%% ) ) %
a -1 : 2.%
/ * : .%
% ) 3 )
R & M % % %
K ) 3& %H
) 3 %
' F % % 4
) y .
S %
c 2 % & )
& ) 9 o
3& % % ) % " .
% % %3 . y
e X y 3& % 'F
% g )
3 " * < R2 L ! )%
% ) .
) 3& %' . |
3 & 8 9% . .
%
3 3& % % L !
) ) 9 )
)& ' )
. 2 e ” 9 &
r# ) "7 % % 4 . |
"<'C % o v 2.
» @& ) 34
) /' F % ) % 8
" 9 %
%3 ) 38 %'
el % % '
* _ | 8
) I<
% 3 & .
9 % 9 ) %3
% >, ) : . / y
% & & % ]
) ) . -1 5& > %
) 3 % &
) 34 : . \
’ % ) & % %
%% . ) ,
% & | .
% ) & % & ) 4
; . ” %
) )& % ) .
| % % % '

+6?

%



)

%

0'C7 %

%

%

% &

%

%
%

%

%

%

%

)&

%

<07 % %)%
%) %
%

) %

)& 3 '

%

% & %%

% %

%

%

% &

%

I 2

4

ey

%

%4

< A
,+9 A
3)
7 C A
0(
& '
+?76 <
&
T G) & 5&
2 @ A
% % %
L ! % %
% )&
K5 |
%
)
) & % %
D
+ OK5 |
" %
) & . 8
& % %
)& D
% & % % %
%% ) 3& %
% & 1100
% & - l!"#$l.
4
% 3& %
9 %3 ) %3 % %
% & %
) %
%o %)% %
%3 9

I1>#

<

+6,



& % ¢ A 5&
T %
IB< % C % )b
9 %
% %
2 U I# % %
9 % 9
8
%
D %3 & 8
% %
& % % ' 2
W % %%
T % %
I'C 3B% <"
) %
% % %
9 % %3 9
> % '
% %
%3 9
%
%3 9
9 Y 8
8 % &
& I >% %
% % 3 &
' )

+6+

% e

) G,57 B6 *#F

G -7 +6 9H

+ 6 5
E ( A FTE 4
5& % : %
*% % L
D % )% %
8 % &
%39 % ) &
9 s
& ) )
& )
% %
% % %'
&) )
%
) 3& %'
H
F2 L !
) % &
9 .
%
o % 4
3& %
% L ! ) )
9 ) )&
' )
9 &
9 ) %
% % 'F
) %
& % % 3& %

%



8 5F 1 :

F A
L I A
% % 8
% %
% % % 9 '
9
% & 9 %
9 & %
% % &

% 5 4

% & %%

% )

-1 %3 9
-<1 &
1 % 9 3& %
€1 %3 9 %
-1 > % '

& . & %%

1100 '

AG? *==?*@7?(52 @ G?2

ittt % %
3 &)

3&

12 G+*?

AAAAAAAAAAAAAAAAAAAAAAAAA

S ( ?2 % *
A : 5& %
L %
9 ) %
) 3&
%
<l 5& % % 4
3& %

% %3 %

2 &
%) ) &)
H
1 58 % ) 3& %
%
%% &
9 )
% %
9 1 <0
) & . )% & 4
% )
%
& D %
%3
%
<1 3& %
%% & 9
% 4
9 2
& %
% ))&
# 10
& % % 3
% % &
% ? A% " #
>
%
-8 I"##l
/1 )
3&& % % )&
9 )& 4
& % & %
e

+66



+67

T %

3A

* %3

(

%

29%

8*F&



"o % @ % 5& %
% E& % :
<0 5& % A E&
%
€1 ) &
3& %
% &
% .
2 % )
% ) D %
L !

) ' % 4
% 4
%3 9
% % % B

)
& & ) "OA&
% )
% %%
%

'S I'#H &
% ) % % %

H

<!

<

E &

%

2%

E &

A

%

+65



F % &) 2 %
% ) %
% % 3 )
% % %
S 9 ) 4
%3 - <1 % % &
) 8 ]
& )
) ) '
% % - 11% 4
% %
% ) 3& %
) % J
<1 % % % 4
3& % %
% % %3 & % %
) ) )%3 J
41 % % % %
& %4
9
% 9
%
3& % % %
J €1 D
% % %
3 % )& %%
%3 %
& F
2
& * =
% % ' ( I
E 4
D % L ! %
F *
= % % -1"701H
F
% %
&% % ' 2 %
) % %
) 3
% 'F
) @ %
;& % 4
% % )
% )& % %
% 3& %
) % % % & 4
& ) L !
. % 4
% ) 3
%
9
% % %% &
) % )3
%
%
& 3& %
) & % % 9
2 %3 ) 1CI00
1100 ) & 4
) L ! 2)
) 9
%3 % & IClo0" 2
< %3 & & 4
% ) 4
) 3

% )& )&
) %3
%
% bt
) 8
" IH$1H
F & )
3 3& %
& % )
9 & J
9 % &
&
& % & )
?2' <00 2 9 & )
)&
) 3&
% D %
%% &) %
' %
) % & 4
) % % % 8
&9 %3 )
L < L 4
)3 !
F % % % 3
&
% )& %3 9
) Lot
3& %' % &
& % 8
%3 ) % )&
& ) %
%
%3 % 2%% & 3
% & )& %
3& % ICI00 %
1100 &
. > %  %3)
% %
% 8 & % &% &
% %
%
& 3
%% & % > >
%3 %
% % L r 2
V& >% %
)
) &) 4
) % & 4
)
F & ))&
% )
)
L <
) &
3
F2 %
% %
% 8
% 2
)) &) % %
) 3 & %3
) ?'1"0 <00’



F % 4
% 8 %
)
) L <
& 4
% & ) 3 & 4
& L <
% '
FA & 4
3 4
> %%
% &
% ) % F
%
& %
% 2%
) & 3
)

% 8 D %3 &
& %%

% % % 4

%

% %
%% % 4
% %

3
! %
% )&2
% % &
3 %% % % &
% % % %
& )
% % 9 8 )
c &
) %% %
% %
% % )&
& % % %
% ) 3
D & 4
)& ' ) &
) % 8
) 8 ) &
&
% %% % '
%% % F E
%
% & %% 5
% % %% 4
% D 3 3
% % )
% 9
%% % ) %
& & 2
% % % ) 3
% %
)3 % &) & 4
$ %% %e&
&) & )
9 ) )& 4
) % %& ) 3
# 4
9 % & %
% %) % &
% 3

+69



% &9 %3

D & % %3 %
%3 % % 4

% % %

% % &) % 8

)
& % %% % & 4
% & % % ' %

13 ; % %% %
& % % %
& %% %

% ' )
F?
% & &8
% % & %
% % % 'F
: &)&) %&
%
H— & %% 4

' % )

+6C

¥2:9%2 (2

( %3 ;G """ ( &
: ! %' " (
@%' '?2 '( 5 &6
3& 1"
8 (12 'yl ) ?
* %3 * 003 :
; U % 2
' [7>CC'
*
B R +'
F: 'F
3 = e 202, &
5& % : % ! v
? 0+ &
( A3 & (2
3 = % 5 A
7Lt G) & & 5&
% o= %'
6'o# '= $
5 A G '@ % '@
A) *? -I"#$1' 5& % :
) *
— % 4o
)&
* ( %'
>/
iy
* = -"701"
. * U
o
* = -
2% : !

2(?



