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The intensive development of the mining industry of Yakutskaya ASSR
involves the construction and operation of large tailings dumps under the
specific conditions of severe climate and permafrost .

Today [several words illegible] tailings dumps with hydraulic fill
dams 30-[illegiblej m high , and in the near future tailings dumps with
50 m high hydraulic fill dams will be placed in operation .

Modern tailings dumps are a complex system that includes water trans-
port, water [one word illegible] ([one word illegible) dikes and [one word
illegible] tailings in [one word illegible] tailings dump), water drainage,
water collecting and treatment facilities. For several reasons (inability
to select the strength and water permeability characteristics of the fill
material, [one word illegible] rate of buildup of the height and [two words
illegible]), problems of the planning and operation of tailings dumps are
more difficult than the planning and operation of water installations witL
local materials in the hydro-[one word illegible] and land reclamation

• [poss ibly complexes] .

The difficulty also consists in the fact that the actual construction
time of a hydraulic fill dam of a tailings dump is 10-20 years and some-
times longer .

The planning and operation of tailings dumps under arctic conditions
have been carried out until the present time without standard documents or
substantiated recommendations that consider the specific features of the
climatic and permafrost conditions .

The strength and stability of tailings dump dams under arctic condi-
tions are determined by the filtration and thermal mode of the dams and
foundations .

At the present time the Krasnoyarsk Polytechnical Institute and the
Yakutsk [two words illegible] Institute are conducting combined analyses of
the geoengineering properties of tailings sediments, filtration
and thermal mode of the soil of tailings dumps in Yakutskaya ASSR. The
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purpose of tue analyses is to evaluate  and [one word illegible] ti~
s t a b i lit y  of h y d r a u l i c  f i l l  t a i l i n g s  dams .

ftc analyzed group of t a i l i n g s  dumps is locatad in a region ~ i t i
extremely severe cli:tatc , under the c o n d i t i o n s  of so l i d  pe rmaf ros t  to a
depth of 320 m .

l i LC mean annual outside air temperature var ie 5  fron minus 7 . 2 ° C to
i:iinus 13.4 °C , and the absolute  minima are , ri~sp ect i ,ve lv , minus  63 .0 ° and
dnus b4.5°C . The th ickness  of the permafrost  layer var ies  from 1.0 to
2.0 m , depending on the exposure of the slope . The th ickness  of tue snow
cover in exposed sections is 35 - [i l l egible ]  cm under na tura l  r e l i e f  condi-
t ions . The thickness  of the snow cover on t .~e slopes of the dikes and on
the [possibly aquatorium ] of the t a i l i ngs  dumps was not measured.  The snot ..
cover is es tabl ished in early October and complete ly  thaws in ~tay .

The analyzed dams are charac ter ized  by the fo l lowing  [two words
i l l eg ib l e ]  s t ructure.

The s t r o n g ly  f rac tured permafros t  bedrock , g lac ia l  in p laces ,
is made up of homogeneous or v e r t i c a l ly  and h o r i z o n t a l l y a l t e r- 

-

mating s t rata  of clay , marl and limestone (a leuro l i t e  and sandstone are
sometimes encountered) . On the va l ley  and ravine w a l l s  the bedrock is
covered by a layer of ~uaternarv sediments of ins igni f icant  th ickness ,

• g radual ly  merging with  the bedrock. The Quaternarv sediments are made up
bas ica l ly  of clay,  loam , sandy loar.i and sem i- [one  or two words i l l e g i b l e ]
mora ine -- marl and limestone w ith a vary ing conc entra tion of grav el and
clay par ticles , [possibly weathered] to the condition of loam. These rocks

• sometimes include thick (more than 1 m) strata and lenses of ice.

In the bed j-arts of ravines are deposited pr imar i l y  s t rongly  iced
a l l u v i a l - s l i d e  rock sediments , cons i s t i ng  of sandy gravel , gravel - rubble
and sand-rubble soils , covered in places with  s i l t  and s i l t y  loamy clay .

The thermal in f luence  of a t a i l i n g s  dump leads to the  t h a w i n g  of founda-
• t ion rocks , a ccomp an ied  ~~ constant  f i l t r a t i o n , which pr ’mote s fu r ther

de~ radation of the permafros t .  Subs tant ia l  and i rregular  deformations of
• t hawing  foundations [one word i l l e g i b l e]  the construction of strong and

~~~~ words i l l e g i b l e]  sensi t ive foundations of such i n s t a l l a t ions  [eight
;~ur ds 1l1c ,~L U1e]  water , e tc .

The g ranu la r  composi t ion of t a i l i n g s  sed iments  on which  hy drau lic fill
t a i l i n g s  dams are b u i l t  depends on the depos i t s  processed b the  p lant  --
:‘lacers or ores .  For the former the mean wei ghted d iameter  of the  i n i t i a l
t a i l i n g s  is 0a~’ 

= 0.39  mm , and t a i l i ngs  w i t h  a diameter  s m a l l e r  than 200

[possibly micron ]  mak e up only l0°~ of the t o t a l , whereas  for  the l a t t e r  0 =

= ‘J .Ub mm and the c o n c e n t r a t i o n  of t a i l i n g s  w i t h  a d iameter  of 200 [po~ sib 1y
micron] ranges up to ~~~~

~P~
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The insufficient amount of large fractions in tailings sediments of
placer plants necessitates the use of overburden rock for [one word
illegible] dams . This rock usually consists of marl , which is sufficiently
strong in its natural condition , but which is subjected to processes of
tuetamorphi:ation under the influence of a set of physical phenomena (frac-
turing, thawing , [one word illeg ible], atmospheric factors , etc.).

In June 1971 , at one of the existing tailings dumps, were installed
three experimental piezometers , designed to operate over a per iod of more
than 2-5 years, and intended for determination of the characteristics of
filtration flow in the most dangerous bed section of hydraulic fill dams .
The design of the KPI piezomet~r differs from the standard in that it has
independent filters at two levels and an internal annular settling bowl

~Figure 1). The bottom filter is placed in the thawing part of the base of
the dam , and the upper in the hydraul ic  f i l l  part  of the dam.

The design of the receiving part of the piezoineter , designed by KPI ,
ensures its viability when its upper filter [possibly is] in contact with
tailings sediments. The design of the piezonleter takes into consideration
the lack of local experience in the construction of a high-quality [possibly
filtration] [one word illegible] and [one word illegible] winding of the
filter in a deep drill hole with a [one word illeg ible] casing with an
inside diameter of 118 mm .

The water level was measured in the standpipe of the piezo-
meter, the diameter of which was equal to the outside diameter of the filter
pipe. Therefore the inclusion in the piezometer design of an internal
annular settling bowl and filters at two levels , guarantees the normal opera-
tion of the piezometer for a certain period of time , even with a poorly
designed screen and external cushioning layer, on the condition that pro-

• tection is provided against clogging and freezing from the surface.

- - 

Figure 1. KPI piezometer wi th internal annular
• 

-~~~~ settling bowl : 13 -- [illegible); 16 -- tube , d =
-4 = 100 mm; 17 -- perforated [one wcrd illegible ];

,

~~~ ~~J • 

0 
13 -- [possibly screens] ; 19 -- inside [possiblyJr~i tube]; 20 -- [two words illegible ) of settling

0 bow l ; 21 — —  [ i l l eg ible ] .

I I Figure 3. VODGEO piecometer: 1 -- l im i t e r ;  2 -- [one
word illegible ) filter ; 3 -- [illegible]; 4 --

• 0 
— [illegible] ; 5 -- perforated [one word illegible] of

[possibly upper] [one word illegible] , leng th 1,500

I mm; 6 --  tube 1.3 or 2.0; 7 -- thread for [one word

• settling bowl ; 11 -- corrugated [one word illegible ]

~~~~~~~~ 

illegible ) coupling ; 8 -- diameter 1.8-2.0; 10 --

screen ; 12 --  [illegible] ; 13 -- steel strip;
14 -- [illegible ] (see Figure 4).
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In consideration of the capabilities of local drilling technology the
outside diameter of the pie:omcter tube was set equal to 100 mm , the dimen-
sions of the water receiver par t  are 2 x 900 mm , the space between the
perforations is 50 nun and hole diameter is 10 mm. The standard [one word
i l leg ible] winding , a layer of glass f iber  fabr ic  and corrugated screen
[possibly corresponded] to a two-layer  s ta inless  steel screen with a [one
word i l leg ible] cel l , d r i l l i ng  and casing condit ions.  The space between
the casing and the [one word i l l eg ib l e ]  part was not f i l l e d  with a coarse-
grain cushioning layer. All of this maximally simplified the piezoitleter
manufacture technology and resulted in more rigid requirements on the quality
of the winding and [one word illegible] screen on the filter body , anti-
corrosion coatings and on protection of the screen from damage during
lowering into the drill hole.

A year and a half of experience in observations of the [possibly KPI]
pie:ometers with a dual filter and internal annual settling bowl , without a
[one word illegible ] filter cushioning layer , makes it possible to judge
their performance. These piezometers can be recommended for [two words
illeg ible) piezometric drill holes with an operating life of up to [possib ly
3 years].

At the present time , according to recommendations of the author and
0 [possibly KPI] [one word illegible] of a tailings dam with a height

of 30-50 m [two words illegible] with systems of piezometric and thermo-
metric drill holes. At the time of completion of construction , the pioneer-
ing hydraulic fill tailings dams of the second unit of one of the plants
was also equipped with thermometric drill holes. A detailed [one word
i llegible) of the equipping of tail ings dams with a complex of [possibly
calibrated] piezometric drill holes was comp leted with the participation of
the author at the Institute [one word illegible].

Each tailings dump was equipped with three thermometric sections -- one
• in the bed part and two in the bank [one word illegible) of the dam , normal

to its longitudinal axis. The bank sections were separated from the central
by approximately 1/4 of the length of the darn (Figure 2a , b , c).

The thermometric drill hole sections ~ere situated in the [one word 
0

illeg ible] at a distance of not more than 5-10 m from the pie:ometric drill
hole section. During drilling of the therrno-pie:ometric drill hole samples
were taken to determine the physico- [possibly chemical] properties of the
tailings sediments in the [two words illeg ible] . A diagram of a typical
thermo-piezometric section is presented in Figure 2. The given layout of

• the placement of the piezoineters makes it possible to utilize the princi ple
oi separate determination of the parameters of two filtration flows , the
upper , extending through the [possibly protected] part of the dam , and th e  0

lower , [possibly located] in the thawing, fissured rock horizons [one word
illegible]. The [one word illegib e] of these flows is attributed to the
(one or two words illegible] effect of the layer of slide rock-alluvial
loamy clay sediments, [possibly covering] a large portion of the basin area
of all tailings dumps.

• 1 -4-
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Figure 2a. Diagram of placement of KIA in tail ings dump f . m .  z.  [Expansion
unknown]. KIA -- control-measuring instruments.

0 

0

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~

~I’. ~~~~~~~~~~~ ,—~~~
.. 

~~~~~ ~~~~~~ ~~~
.

~! ~~~~~~~~~~~~~~

.. ~~~~•i
__

• ~~~~~~~~~~~
• ~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~

‘~k’, ~~~~~~~~~~~~~~~~
• •o_ ~ ~~~~~~ - F . ~~ -

-~~r~~- Z~ -~’~ 
-

- 0 ~~ti3.. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 2b.

-5-

~~~
- -

~~~~~ ~~~~~~~~~~~~~~~~



pr - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.-.-- --  -~~ ~~~~ 0 0 _~ 0~~0 •~~~~~ -~~ 0 0 0

5’

/

0

- 
/ •%

0

I p ‘. 1
•

0 0 ’ •1
’
-’

, 
___ _ -, 

S 
•
/ ~~~~~~~

0 
• 

• 

•:.~~

0~ 0 ~~~~ 
/

0 ~~ . I
0~~ ~~~~~~~ /. - • .

~~~~~~~~

•
~ ~‘~~~t r ~ ‘~—‘~~~ 

•
~

•~ •
_.~ç~

0
~\ \ 0 

0

~~~~~~~~ \ 0 ‘ 
•

• 
~
•—•••

~~~~~‘~~~~~
• •

~~\ 
_~ S 

~ 
S

es  \ ~
‘
~L 

T 7 
- ~J1 ,~~~ \ ‘~\“ \\‘ ‘~\\  ~0 ~ç • \ ~~ \ \ \ .

~~~~ .~~~ 

~~~~~~~~

Figure 2c. Diagram of placement of KIA in tailings dump [possibly
f .m . : . ] .

The diagram of a typical thermo-piezometr ic  section provides for the
placement of two kinds of piezometers -- PG [deep piezometer]  and P0
[lowered piezometer] . The lowered p iezometer P0 is designed for moni to r ing
the f i l t r a t ion  flow in the [possibly base] of a dam and for p lacement in
dri l l  holes , dr i l led  in the intermediate [one word i l l eg ib l e ] , crest and
[one word i l l eg ib le ]  of the darn . The depth to which the pie :ometers  wer e

• lowered was determined by data on the [one word i l l eg ib le ]  s t ructure and
temperature state of the rocks , dr i l led  through during prospect ing  bor ing ,
and also on the preliminary hydraulic f i l l  dynamics of the temperature and
f i l t ra t ion  mode of the darn . In al l  cases the [one word i l l e g i b l e ]  d i s t ance
from the [one word i l leg ib le]  of the receiving f i l t e r i n g  part of the p ie:o-
meter and the [possibly exposed] surface of the darn w as as sum ed equal to
[one word illegible].

• The deep piezometer PG was designed for monitoring fone word illog ible]
filtration in the [possibly thawed] layer from [one word illeg ible] .

• The receiving parts of these piezometers were installed at a depth of
at least S [one word illeg ible] below the upper boundary of the fissured
[one word illegibl e] rocks of the base. ~Vithin the upper impermeable layer
of the base , which acts as a natural curtain , the space outside of the pipe

-6-
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is m~~ imal lv  [one word i l l eg ible] . The deep pie :oinetcr s i n s t a l l : t t i on s
that  are being employed today are placed in pos i t ion  in cons idera t ion  of
data from prospecting drilling and temperature observation of the state of
t~ e bases of dams .

VODGEO [All-Union Scientific Research Institute of Water Supply, Sewer
Systems , Hydraulic Engineering Structures and hingineering Uvdrogeology]
recommendations are used in consideration of their ext ended (at least 3 years)
period of operation . The design of the receiving part of the pie:ometer is
adaptable for placement in deep (up to 45 m) drill holes , in which the
inside diameter of the removable casing pipe is 110 mm.

A distinguishing feature of this piezometer (Figure 3), in comparison
w ith the typical Mekhanobr [All-Union Scientific Research and Planning
Institute for the ?iechanical Processing of ~1ineralsJ design , is the possi-
bility of installing the receiving , filtering part of the piezometer in a
drill hole without installing a drainage cushion after the placement of the
piezometer. The filter is made entirely under [one word illeg ible] condi-
tions and is connected to drill pipe sections by threaded couplers .

In consideration of the successful experience that has been accumulated
in the use of stainless steel screen for making temporary piezometers , the
vinyl screen and glass fiber fabric that are recommended in standard and
permanent piezonleters are replaced by a two-layer stainless steel [possibly
screen] with a 0.5  mm mesh size.

The bodies of the filter part of the piezometers are filled with washed
sand before being lowered into the drill holes (Figure 4).

0
0

~~~~~~~~ . I
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Figure 4. Curve of granulometric composition of
cushioning layer of filters.

The manufacture of the piezometers , assembly of the f i l t e r  cart s and 
0

connecting of the pipes with the threadeu coup lers were performed under
the supervision of the author and did not involve any significant practical
problems .

• The mouth part of the piezometers was carefully warmed in a felt-filled
wooden box immediately after asseublv .
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KEY : 1, Piezometric drill holes; 2, Kinds of drill hole*; 3, lop mark , m;
4, Depth, in.

*CT -- thermometric drill hole; flO -- lowered piezometer; fli -- deep piezo-
meter.

The water level in the piezometers was measured every 10 days with an

I

. electrical contact level meter. The water level in the pond behind the
tailings dump was recorded daily. During the measurements the location of
discharge of tailings from the distribution [one word illegible] was

0 recorded for the purpose of evaluating the effect of the pulp discharge
point on the characteristics of the filtration flow within the dam.

~
• Thermometric drill holes were bored into the bedrock at an average

-
~~ distance of 10-15 in apart; the depth to which these drill holes are bored

into the permafrost rock zone is 6-10 m . This makes it possible to monitor
the thawing of the base of the tailings dump over a long period of time and
to take an arbitrary number of samples during drilling .

Ordinary thermometric drill holes , lined with 50 nun diameter pipe , the
heads of which were covered with protective safes, were used for temperature
observations. Rigid requirements were placed on the [one word illegible] of

8
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r
the drill holes and [one word illeg ible] of their head zone to prevent the
water filtering in ironi the  beach from g e t t i n g  in to  the  d r i l l  ho les  and space
outs ide the p ipe and to preven t d i s t o r t i o n s  of the  t empera tu re  f i e l d  or the
rocks , [possibly su r round ing  the d r i l l  h o l e )

The wel l s  were equipped w i t h  [one word i l l e g ible]  copper e lec t r ica l
resistance thermometers or thermistors .  Per iodic  control measurements were
taken with [one word i l l e g i b l e ]  mercury thermometers . The spacing bet w ee n
the transducers in the zone of seasonal temperature fluctuations and in the
anticipated thaw zone of the base was [numbers i l l e g i b l e] ,  and the average
space between the transducers through the hei ght of the wel l  zone was 4 .0  m.
~1easurcments were taken every 10 days with an MO -62 e lectr ical  br idge .

Observations of the temperatures of the water  in the pond and at the
in te r face  wi th  the surface of the upper slope of the dam , in the same th ree
cr-ss sections , were conducted wi th  thermistor  transducers for  the purpose
of ana lyz ing  the thermal action of the tailings dump pond on the temperature
mode of the hydraulic  f i l l  dam .

Data from the prel iminary cycle of observations of one of the ta i l ings
dumps are presented in Figures 5 and 6. Anal ysis of these data shows that
during 10 years of operation thawing of the permafrost rock occurred onl y in
the foundations of the lower slope at a depth of up to 4-6 m. The thaw

• region does not extend beyond the [one word i l l eg ib l e ]  bas e of a pioneer
hydraulic f i l l  dam .
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Figure 5. Results of first cycle of temperature and p iezometric obser-
vations .
Ki~Y: 1 , Water level in p ipe; 2, [Two words illeg ible) permafrost~
3, Temperature diagrams.
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Data on the temperature mode of the rocks that make up the floor of a
tailings dump within the zone of the pond have not yet been obtained.
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Figure 6. Results of first cycle of temperature and piezometric
-
~ observations.

KEY : 1, Ice ; 2, Water level; 3, Temperature diagrams

The tailings sediments in the central part of the profile of a dam
are in primarily a thaw state , [one or two words illegible] lower stage ,
frozen [one word illegible] to a height of 10-12 in from the surface of the
permafrost base. [One or two words illegible] thawed tailings sediments is
a lens of subcrest ice, the temperature of which is near 0°C.

-10-

--



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Comparison of the position and shape of the curve of [one word
illegible] of the surface of the curtain , consisting of frozen tailings
sediments leads to the preliminary conclusion that there is inside a
hydraulic fill dam a filtering horizon , the thickness of which remains

- virtually constant through leng th.  Th is concl usion, refined as a result of
additional analyses of observations , substantially justifies calculation-
theoretical forecasting of the formation of the temperature mode of the
tailings sediments and dam foundation.
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