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INTRODUCTION
This tailings d1sposa1 guide has been prepared to show how tailing ponds

are designed, constructed, and operated as wel] as some of the different

methods used in performing these tasks.

The mining and processing of low-grade metallic ores result in large

quantities of waste which leave the plant as a slurry with a 30- to 50-

percent pulp density containing as much as 30 to 80 percent~mater1a1 of
minus 200-mesh size. This slurry is retained in the tailings ponds,
allowing the solids to settle out. The decant may be recycled or allowed
to discharge into a watercourse. Mining operations of 30,000 to 100,000
tons per day are not uncommon with 95+ percent being waste which has to be
stored in tailings ponds. The size of these ponds has increased tremendously
in the last 10 years; for example, in 1938, 1 ton of ore produced 27
" pounds of coppers; 1947--18 pounds; 1960--14.4 pounds; and 1971--11 pounds.
This trend will probably continue, but at a reduced rate. The disposal
problem will get worse in the future as larger tonnages are milled and
land becomes more costly. The height of the dams will have to be increased,

compounding the stability problems.

An efficient design for waste embankments must consider the cost of alter-
native methods of waste disposal and of alternative construction material

for the retaining dams. Construction procedures regafded as standard practice
in producing stable highway, dam and other embankments in civil engineering‘
may represent a substantial 1tem of cost when applied to mine waste
embankments. However, the 1ncreaswng size of embankments in current mining
operations makes it important that stabilization procedures, such as compac-

/ tion and seepage control, be used to the necessary extent.
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1. TAILINGS PONDS

As used in this guidé, tailings ponds comprise embankments placed on the
ground surface that are required to retain s1urfies of waste and watery
they are constructed from tailings, borrow material, or some of each.

An idealized mine model can be seen in Figure 1 showing a typical mine |
waste disposal system. some mines used deslimed tailings for underground
fi11, leaving only the finer material to be impounded on the surface. The
materials range from chemically stable quartz to unstable feldspars whith

can alter to micrometer-size clay.

An adequate or satisfactory tailings embankment is defined as one that has

a good factor of safety, will retain solids, and will;cohtrol the Tiquid
waste. Prevention of pollution by both solids and 1iquid must be ﬁntp?porat@d
in the design plans, together with shapes and stable slopes that will enhance

rehabilitation of the area after it has been abandoned.

A. Basic Functions

" The prime function of both mine waste piles and mine tailings ponds s 1o
store solids. However, tailings ponds usually must provide temporary $idrage
of a certain minimum volume of water for clarification prior to T@tﬂaﬁm§‘$nr

plant use or discharge to adjacent streams.

'<ﬂhen the water contains a serious pollutant, the tailings dam must be
designed to retain the water for longer periods until the harmful chenritals
have degraded or until the water evaporates. A completely closed system
is preferred in all such cases, not only for conservation of water., but
as a necessity to prevent the pollutant from being discharged. The Seepage
water from this type of dam must be controlled, treated, and pumped :back

to the mill for reuse.)
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/If this is not practicab]e, it may be necessary to treat the water prior*‘ o

\ .
to its release from the pond.

B. Basic Considerations

L. Economics continue to be of prime importance in the design of tailings em-

bankments, including site se1ect1on pumping requirements, length of pipe

*“-~ine, and capital versus operat1ng cost. The annual tonnage versus site

acreage, physical properties of tailings, type of embankment, method of

waste d1sposa1 availability of construction materials, climate, terrain,

hydrology., geology, and nature of the foundation at alternative sites are

all important factors. The consequences Of fa11ure sh0u1d be fully considered

in establishing the factor of safety (FS) of the embankment design:)

Embankments in remote areas can have a Tower FS than neaded in urban areas.

~ Operating costs for tailings disposal can be a big item in a mining operation;

and much thought should go into the study of capital versus operating cost.

(In some cases, the p

expens1ve when the operating cost is added, and vice vevsa,) Probably the

Jeast expensive operation possible would be one where a Tew water-type dams

could be constructed to enclose a large area, allowing the operator to

erely dump the tailings; th1s would completely a]iminate operating labor

except for pump operat1on and periodic inspections.

Two extreme approaches are therefore possible in th@ de3ign of mine tailings

embankments - to make the embankment. re]at1ve1y §mpervious, or to make it

relatively pervious. Whether one of these, oY an intermediate approach 1s
taken, the embankment must be adequately stable and necessary provisions

must be made to control seepage through and under the embankment, and to

control surface run-off into the pond.
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C. Desian Analysis

1. Eeanomie_Comparison

AlteFhative prelimihary waste efibankinent designs should be made and the

capital and operating costs of waste disposal over the life of the mine
_estifated Tor the altefnatives studied.

2. Seepage Analyses

Seepage analyses should be made of tailings embankments to determine the

probable loeation of the water table And the measures required for seepage
€ONtTol.

3. $ability Analyses |
Static stability amalyses should be Wade. Farthquake deformations, and the

possibility oF TigueTattion dife To Tarthquake shocks, should be considered
iF the ShbEnKIRNt is Tocated Th a SeiEmically active area (zones 1, 2 and 3
deFimed by the National Building Lode).

IF the Toundation Soils Hhstigations ff”n’cffédﬁg that there are strata of

SULSTRTLal  COMbIRSSibi Tty in the ®nmbdnkmént foundation, settlement an-

- alyses Should e rade To dutEFiiTe: the expected settlement of the embank-
RRY; e PUSSible Xt ©F Eibdnkiént Cracking due to this settlement; and
e AUt OF YeTEIvIRHt OF &ty drairidge Or decant culverts to be installed
iR Te Wi, | |
$. Hiydivldgical Kralyses

For $aiTigs Shibankineiits., dnalyses should ‘be made to determine the probable
WHFTunces OF evdporation and PUNGFF -on - pond water levels. Initially these
SHould e Based Bh @vaiTabTe vecords “of “evapération, precipitation and stream
Fl0vs Wn dis Medr 2 Sitbahkidnt s$ite *dnd “on information on the proposed
Tits OF WEdpUsal Wiite, &ivd NfecTaimSdnd “seepage from, the pond. The re-

2 Dot TN AU (g (5000 15 ICRTC
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further climatic and hydrological jnvestigations, if any.

D. Construction Supervision

For tailings embankments, foundation preparation and £i11 placement should
be supervised continuously. For all high waste embankments, there should
also be periodic site inspections by a competent person to review the v

general status of the embankment.

E. Prob]ems Encountered

There have been many serious waste embankment failures and stability against
s]i@ing of embankment slopes is a major consideration in the design of waste
piles and tailings embankments. Such sliding failures (Figure 2) can be
caused by weak foundations, placement of the waste materials af slopes

that are too steep (or of too greatla height) and high piezometric water
levels within the embankments or their foundatioﬁs. Breaching of tailings
embankments can occur as a result of over-topping by water in the pond, or
by piping of fine materials under the action of seepage through the embank-
ment or its foundation. A common problém had been the piping of tailings

jnto decant and other culverts jnstalled under tailings embankments.

F. Factors Affecting Stability

The resistance to sliding along potential failure surfaces Qithin the
embankment and its foundation.is a prime factor affecfing the stability

of an embahkment. }This resistance is governed by the. shear strength of

the materials, both cohesive and frictional, and the pore water pressures

at the failure surface. The shear strength of the materials can be reduced

by weathering and by softening by water; it can be increased by compaction
and, sometimes, by chemical cementing of the waste materials. Water pressures

will vary from point to point within the embankment and its foundation, de-
PRELIMINARY DRAFT REPORT, SUBJECT TO REVIEW
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pending on the source of seepage water and the relative perﬁeabi]ity of the

various materials in the embankment.

Cracking of embankment caused by differential settlements can reduce the
shear1ng resistance along potential failure surfaces. Where such cracking
occurs in a tailings embankment excess seepage may develop leading, ultimately,

to piping.

tredibeen .

I1. SIZE OF TAILINGS AREA

" The size of the tailings embankment necessary for each 1,000 tons of milling’

capacity for-a safe and efficient operation is governed to some extent by
///}&,\;.

the size of the grind, but mostly by the terrain within the tailings area.
A relatively level area is an ideal site because of the large volume of

tailings placed per foot of elevation risei>

The ultimate vo]uhe of waste material will be a principal factor in selecting
disposal area. When it is necessary to build a perimeter dam on a flat area,
the largest area with the lowest dam will provide the maximum ratio of storage
volume/dam volume. The ratio storage volume/dam volume is an indication of
the efficiency of a tailings disposal system. If only a small flat area is
available and a éomplete perimeter dam is required, the ratio will be Tow.
A]ternat1ve1y, in rugged terra1n where it is only necessary to construct a

dam across one end of. a valley, the ratio can be very high. \Po1nts of dis-
charge can affect storage volume.> If the tailings are discharged at a re-
mote point from the dam, in some éases the tailings may be stored to heights
considerably above the crest of the daﬁ.

With tailings embankments, an important influence on the design may be the
relationship between the volume of fill required in the retaining embank-

ment and the volume available in the pond for storage of the tailings.

A long embankment requiring a large volume of fill will usually mean that

-
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the embanhnent crest cannot be kept much above the level of the rising pond
and there will be a tendency for free water always to be close to the down-
stream face of the embankment. A short embankemntlhaving é 1on volume rela-
tive to the pond capacity may allow the embankment crest to be kept always
well qbove the pond surface, thus keeping the free water well back from tne
downstream face, reducing seepage, improving stability and reducing the pos-

sibility of overtopping.

/A starter dam constructed from borrow material is a very impontant part of "~
the entire %mpoundment.) The purpose of this dam is to contain the sand and
provide a pond large enough to insure sufficient water c]arificatﬁon at the
start nf operations. The steeper the terrain within the embankment area,

~ the higher thé starter dam must be to supply the storage necessary for the
sand and water until the embankment can be raised with -the beach sand. (It’”wj
ié far better to make the starter dam a bit higner‘than required because of
the unknown factors at startup of an 1mpoundment-) These unknowns are (1)
the eff1c1ency of segregation of the sand and slime on the beach, (2) the

. angle of the beach area, and (3) most important, the retention time in the
pond to get clean water. A capacity curve plotting the volume against ele-
vation should be made, as well as a time-capacity curve to get the elevation

rise per year through the 1ife of the impoundment.

Where the maximum annual rise is limited to less than 8 feet per year, the
active disposa] area must be at least 20 acres per 1,000 tons of daily
capacity. Operating at this upper limit of rise per year for continuous
operation might be safe, but this depends on the grind, pulp density, and
type of material being impounded. .From an Qperating and safety point of
view, a figure of 30 acres per 1,000 tons of dai]y capacity is much better

for the lower limit of a mature pond.

PRELIMINARY DRAFT REPORT, SUBJECT TO REVIEW




Page 8

{ There is no established rate that an embankment can be raised,> -
but for a given material, gradation, and pulp density there is a

definite maximum rate of rise above which sfabi]ity becomes a problem.

(&f the tailings cannot drain as fast as they are placed in the -

pond, the phreatic surface rises and comes out the face above
“-~the toe_dam.) When this occu}s, seepage and piping take place,
lowering the safety factor to} the danger point. Possible solutions
are to allow time for drainage and to place a filter and rock
surcharge on the toe. A rapid annual rise is undesirable because the
material does not have time to properly drain, consolidate, and stab-

ilize, nor is there time to raise the periphera1 dam.

( The principal climatic effects cn the design of a tailings dam are

_the short-term peak flood f]owsl ffom rainfall 'and runoff, and the
extent of possible frost damage,) A tailings basin should be designed
to handle peak flood flows and to maintain a minimum depth of
water in the pool to settle the solids. (in winter it is nec-
essary to increase the depth of the pool by an amount slightly in
excess of the éxpected jce thickness to maintain the necessary depth
of water for clarification. )

/.
Pond Size

The area of the tailings pond required for adequate clarification
of the water prior to reclaim or discharge- to local streams 1is dif-
ficult to determine by theoreticé] means. Although the sétt]ement
velocitiés of various types and grain sizes of solids can be
determined theoretically and experimentally, many factors influence

the effectiveness of the pool. Basica]]y, the problem is to

provide sufficient retention time to permit the very fine fractions'
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to settle before they reach the point of decantation. Factors
affecting the settling time are the size of grind, the tendency to

slime (clay type minerals), the pH of the water, wave action and

depth of water.

The size of grind required for liberation of the metal is usually
sufficiently fine to produce particle sizes whose sett11ng rate 1is
governed by Stokes' Law, with a “high percentage under 200 mesh.
Particles in the range of 300 mesh- or 50 microns with a settle-
ment rate of 0.05 inches per second can be affected by wind
action, but will seftle in a reasonable time. - The major problem
is ’caused by the small percentage of particles 1in the range of

2 microns or less which produce turbidity. These particles -

have settlement rates less than 0401 1ncﬁ per secohd in still
water and, under conditions prevalent in .most tailings ponds,

require some days to settle below the turbulence caused by wave

" action.

Various rules for clarification have been accepted as a result
of observation in existing ponds. Among these are:

1) the pob] should be sized to allow 5 days' retention time,

5) the -area of the pool should be sized to provide 10 acres
to 25 acres of pond area fgr each 1,000 tons of tailings
solids delivered per day. An average of .15 acres per
1;000 tons 1is wusually considered adequate, unless some

unusual conditions are present.

The quality of the water returned to the mill or the watershed
will determine the retention time for any particular mine,

The time required mav he as Tow as 2 davs and as high as

PR&LWHNARYDRAFTREPORT,SUBJECTTOFHAHEW
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10 days, with an average of about 5.

I11. PHYSICAL PROPERTIES OF TAILINGS

" The field density of a tailings pond increases with time and depth below
the surface. A typical example of the density change)in a copper tailings
pond that is in an area with a highly permeable base and where two ponds
are used a]ternate1y)is shown in Figure 3. The density ranges from 90 to
95 pounds per cubic foot at the surface to 100 to 105 pounds per cubic
foot at the 45-foot depth. In this example the inactive pond is allowed
to dry so the dike can be raised for the next 10-foot fill. These
tai]ings are discharged at 48+ percent pulp density and contain 58 per-
cent minus 200-mesh material, resuiting in a very poor segregation of

coarse and fine material in the ponﬂ.

The increase in density With depth depends somewhat on the minera]dgy,
screen size, and specific gravity, but of more importance is the ability
of the water to drain through either drains.or a permeable base. Typical

" permeabilities and permeability versus density are shown in Table 1 and

Figure 4.

An important physical property of mill tailings is their shear strength.
This property is expressed by the angle of internal friction, ¢, and ap-
parent cohesion, c. Typical values for the ¢ angle are 20% to 350,
increasing with increased percentage of sand in the tailings. Apparent
cohesion is the function of mineralogy, moisture, and particle spacing;

typical values range from 0 to 5 psi.

IV. SITE SELECTION

' {The selection of a site for tailings disposal has to be made when the plant

PRELMMNARYDRAFTREPORTzsUBJECTTOFWﬂHEW
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and mine sites are se1e6ted. In the feasibility study of a new property,
a tentative tailings sfte must be picked. It should be within a radius
of 10 miles, preferably as close to the mill as possible, and downstream
from the mill for gravity flow of the tailings. It must be of adequate
size to accommodate the annual tonnage of tailings without too rapid rise

in the height of the embankment each year. )

In a new area and early in the mine exploration period (as soon as it

becomes apparent that a mine is in the making), data should be gathered

in the area. A1l climatic data should be gathered,‘and Qnsite measurements
of stream flow and evaporation should be made. Sedimentation character-
istics, turbidity, pH, metallic jon count, etc., on the broposed waste
should be determ1ned. U.S. Geological Survey (USGS) topographical maps

are usually available. Detailed contour maps of‘the jmpoundment area are
necessary for the planning and design of mine waste embankments. Aerial
photograbhs are ‘useful for locating geological features that may not be
discernible by surface reconnaissance and mapping and for locating potential

sources of construction materials.

The USGS maps are va]uab]e for reconnaissance eurveys, for cheosing a s{te,
for measur1ng area and vo]ume, and for general geology, drainage area,
creeks, etc. Major faults should be avoided in the tailings area and
especially in the dam area. (éy the time of site celection, there should be
enough geological information available to e11m1nate potent1a1 tailings
sites on ggz'minera1ized areas, vein extensions, potential shart sites,

pit access, or possible pit extensions. The site should be far enough from
the projected mining to preciude seepage, spills, or runs into the mine

through faults, shafts, or fractures from mining operations.)
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Habitation downstream from a potential tai]inés dam would affect the
design in that a higher factor of safety would be necessary than in a

remote area.

A. Site Investigations

Topographic maps necessary for plannwng a mine waste embankment can be
obtained from the USGS. These topographic maps are available in various
scales: 1:125,000 at 100-foot contour intervals; 1:62,500 at 50~foot and
40-foot intervals; 1:24,000 at 40-, 20-, and 10-foot intervals; and
1:12,000 at 40- and 20—fdot intervals. When an area has been chosen,

more detailed topographic mapping may have to be done 10ca11y, especially

where the toe dam and drains are to be built.

Aerial photos of most of the United States are available from USGS in
Menlo Park, California. They are a help in geo]ogica] mapping because
faults, different types of rock, ground cover, etc., are noticeable.
Local deta11ed geology will probably have to be done by the company
-building the embankment or by a consultant h1red to do this work. It

is essential that this be done well and in great detail to be sure there
" are no weak or incompetent s0il or rock, no major faults, and no ore

deposits in the immediate area.

The extent of geological investigation necessary for a tai]ings impoundment
will depend on the height to whic h it is to be built and the complexity
of the foundation material. (fhe foundation must be firm enough to prevent
undue settlement, strong enough to withstand the shear stresses, and of

a nature that seepage can be controlled.

For a major tailings impoundment a logical sequence of geological invest-

igation should include:
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1. Location and study éf geological reports, maps, and photographs.
2. Field reconnaissance, including surveying and mapping of surface

deposits, their extent and mode‘of occurrence, any outcrops, etc.
3. If overburden is deep, geophysical surveys may be necessary to
‘*Amudetermine the depth. ‘

4, Measurement of ground water Jevels, which may also include pumping
tests. |

5. Location'of all seeps and springs within the tailings area and espec-
jally in the dam area.-

6. Core drilling for location of faults, planes of weakhess mineralization,
and ground water. The main reason for core drilling is to check for
minera]ization; Any other information is a bonus and may be very he1p¥
ful.

7. Laboratory testing of samples of rocks and'soils including mineral-

_ ogical analyses. |

8. Availability of suitable construction materials.

9. Evidence of buried channels: evidence of instability.

The geological history of the surface deposits in and near the embankment
site can often dictate the desién and construction of the initial dam.

The origin of the deposits and whether they have. been subjected to con-
solidation pressures since their formation will.indicate the physical
properties that might be expected. Hiéh]y compacted and consolidated
soils which demonstrate good shear strength are generally ample foundat1on
for an embankment. Bedrock makes an excellent foundation, provided there
are no extensive soft seams, Or the material s not soft weathered shale,

mudstone, schist, etc. 1f the overburden is shallow, the bedrock
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essentially becames the foundation, and under these conditions it should

have more than ample strength.

B. Soils and Construction Material Investigations

. Site investigation for Tow embankments of 50 feet or less on sites where
bedrack is at shallow depths can be assessed by auger holes and test pits.
For plants with large daily tonnages, where land and capital costs for
tailings disposal are high, design must be for large areas with up to
200-faot-high embankments. This requires careful énd detai]ed study

of the foundation materials, especially if clay, silt or peat is present.
Extensive foundation dfiTIing, sampling, and testing may be necessary.
Soil samples should be tested for inplace density, gradation, shear
strength, consolidation, and moisture content. These tests are also

needed for location and availability of borrow material for toe dam con-

~ struction..

The depth of foundation boring will depend on: size of the loaded area,
magnitude.of loading and the subsoil profile. As a general rule, the
borings should be deep eriough to determine the subsoil profile within

the depth significantly affected by the structure. However, if bedrock or
reTatively'incompressiblé soil deposits occur within the significant
depth, then the borings need only define the upper boundary of rock

or incompressible soil. In the case of a tailings embankment, at least
one borehole in the foundation soil should extend to a depth equal to

1.5 times the ultimate embankment height.

A common ervor is in defining the bedrock surface. Often large boulders

occur fn the foundation well above the bedrock surface and provide cores
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that seem to be compatible with bedrock. If the bedrock surface is
flat, the type of rock and the approximate depth to rock are known, it
may be adequate to 1fmit coring to 5 ft. (1.5 -3.0m) into rock; however,
where bedrock is irregular and where large bou]ders may be over1y1ng

the bedrock coring should be 15-20 ft. (4.5 - 6.0m) into rock for Tow
embankments and may have to extend 50 feet (15.1 meters) into rock for

high embankments.

Organic soils are generally very compressible, have Tow shear strength,
and should be removed from embankment foundations. When saturated or

under load, they could act as a Tubricant and cause a failure.

Solid bedrock has more than adequate compressive and shear strength to
support mine waste impoundments. Where dams are to be constructed on
or near bedrock, surface springs or artesian water can be a danger. Faults

or fault gouge can affect the stability of an embankment.

The extent of 1nvest1gat1on will vary depending on embankment height

and complexity of the foundation. For all waste embankments, suff1c1ent
information should be obtained to: define and assess the presence of weak
sones in the foundation, determine whether the foundation is strong enough

to withstand the ‘shear stresses, and evaluate methods of controlling

seepage.

Subsequent steps will depend on the size of the embankment and the char-
acter of the soil profile. The importance of the structure and results
of the exploratory drillholes will indicate the extent of the detailed

drilling program. At sites where the subsoil profile is erratic, it
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will be necessary to define the pattern of dissimilar soils and char-
acteristics of the various strata. Probing with a cone penetrometer

can provide rapid identification of the density of subsoils.

The preliminary investigation of an ared will usually disclose a number
of deposits of matefia] that may be suitable for constructing an
embankment. Further investigation is necessary to determine the extent
‘and characte?istics of the material in the deposits. The physical
properties of glacial tills and similar soil mixtures depend on their
densit{es and bradations. The amount and type of fines ére important.

Finally, alternative sources of material can be compared in temms of vol-

ume, characteristics and delivered cost.

Digging test pits with mobile equipment is an expedient method of in-
vest1gat1ng borrow materials. TO provide a competent seal and imternal
drainage system for a tailings dam, it is necessavy to lozate a 3ouUrce

of both impervious and pervious material. Sampling and testing should

. pe sufficiently extens1ve to confirm an adequate guantity of eazh.

Normally, test1ng would include determining in situ moisture content.,
gradation, optimum moisture content and optimum density for compaction of

the borrow materials, shear strength, and permeaanwty of tie mpterials.
C. Site Preparation

The foundation 1nvest1gat1on and sampling will dictate what ez to be

done to prepare for dam construction; site preparation w1l wary considerably
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depending on vhether the dam is to be high or low (<100 feet high) and
whether it is to be a true water-type dam or not. 1f it is to be a true

water-type dam, consultants familiar with dam construction are a necessity.

If the tailings dém is to be on or near bedrock which is relatively
jmpervious, an inspection of the bedrock may be warranted to check for

open fissures that must be sealed to prevent piping. Coarse foundation
soils and buried coarse rock should be removed. Excavation of all vegeta-
tion, surface growth, pockets of peat, and zones of weak and pervious s0i1
should be performed, resulting in competent foundation material. Consol~
jdation testing may be necessary and foundation scarifying and compaction

of foundation soil may be required to attain a sufficiently strong found-

ation.

f Nhefe the entire tailings area is on deep a]]uviﬁm with a permeability (K)
of 10'2 to.10"3 centimeters ber second, the seepage cannot be stopped by
the dam because.most of the seepage water goes through the subsoil and not
through the base of the dam: A cutoff trench is sométimes used in the
construction of a starter dam where conditions warrant its use, such as a
pervious foundation extending to a shallow depthQ) The cutoff trench

can intersect a re1ative1y jmpervious layer to reduce the downstream
seepage. A cutoff trench may also be used where the foundation is on
bedrock and a cutoff and anchor are needed. (%he cutoff tfench would more
probably be used with the centerline or dowﬁstream method where seepage
through the starter dam is not wanted. It would not be used where a blanket
or strip (gravel) drain was to be used extending upstream from and com-
pletely beneath the starter dam, but it could be used where pipe drains

extend through the starter dam.\\
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V. Tailings Embankment'Design

<‘The design of tailings embankments depends on the method of construction,
particularly when thé primary embankment material is sand obtained from
the tailings slurry. In this cgée, construction~1s basically a part of the
““g4ilings disposal operation. The embankment design may be influenced

. strongly by the need to arrive at the most economical overall system. )

Embankment construction methods are described after the Design section.
An overriding factor will be the need to keep the embankment crest above
the pond surface. This can affect the entire design and basic construc-

tion methods. Where tailings sand is the principal embankment material,
one of three basic placement procedures can be used. These, and the

types of embankment cross-sections resu1t1ng from their use, are shown
in Fig. 5. When other borrow or dry-waste material 1s incorporated in the
embankment, many alternative types of embankment are possible. Some of

these are illustrated in Figs. 6 to 9.

,Des1gn1ng a tailings embankment is a process of successiye”trials and
 ref1nements. Generally, the steps requ1red to develop the final cross-
section are as follows:
a. determine the long-term storage volume and schedule of stonage
requ1rements, | -
b. investigate alternative disposal areas from fopographic data and
use the potential ratio of storage volume/dam volume for preliminary
site selection.
c. determine other possible types and quantities of construction materials
available,

d. assess major constraints relating to property acquisition
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and environmentg] regulations,

e. determine the proposed method of tailing disposal, k.e., select a point
‘of discharge removed from the dam, spigots and hydrocyclones,

f. select a trial embankment section incorporating the most economic and
readily available i1l material, |

g. make a stability analysis for the trial section to determine the factor
of safety. The stability analysis should take into account shear strength
and density of the material comprising both the foundation and the em-
bankment as well as the expected pore water préssures within the embankment
and the foundation. Pore water pressures resulting from steady seepage

| within the embankment and wifhin pervious foundations can be estimated

from flow nets. If compressible foundation strata are lTocated beneath
the embankment, foundation pore pressures estimated on the basis of
consolidation theory should be taken into account in the amalysis and
shouid be cthecked by field measurements during and after construction.
ff the stability analysis for the trial embankment indicates that the
section i3 unsafe, or that the factor of safety i3 unduly high, the
section should be modified and the stability analysis repeated until a
satisfactory section s developed, and ‘

h. prepare detailed construction drawings and specifications for foundation

treatment, i1l placement and waste dizposal.

The design of mine waste embankments is particularly dependent on the methods
utilized for waste disposal, as these establish the ¢ ondition and distribution
of the materials 1in the embankments. For tailings embankments., the methods

and locations of 3lurry disposal and water reclaim are ~major fartors to be
consideread, (By Tocating disposal points nmear the embankment crest and the
reclaim watar intake on the far Side of the pond, The pond water can often
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be maintained at a location well back from éhe upstream face of the embankment.
This will reduce seepage through the embankment; lower the level of the
phreatic surface within the embankment and allow greater freédoﬁ in selec-

tion of the type of embankment./}Embankments of tailing sands alone are

more likely to be stable under these conditions than they are with the pond

located close to the upstream face of the embankment.

Barge-pump vreclaim systems are likely to be more economical than decant or
siphon systems when the pond is Jocated distant from the embankment, because
of the culvert lengths involved. "Decant culverts should be conservatively
designed, because of the danger of piping into col1apséd sections and

open joints and along the outside of the culvert - a common type-of failure

"4n the past. Siphons have saveral serious operating disadvantages.

"Mine waste embankments are usually raised to fu11'height over a period of
many years and during this time, many factors can develop to influence the

. stability of the embankments. (High embaﬁkménts should be instrumented 10

monitor movements in the embankment and its foundation, and to weasure

- changes in piezometric levels and seepage f1owsb> Data obtained by these
instruments, and construction and waste disposal procedures, should be

rec orded and periodically revie@ed to ensure the safety of the embankment

throughout its life.

VI. STARTER DAM CONSTRUCTION
When the dam site excavation is“complete and has been constructed through

the base of the dam, the dam construction itself can proceed.

The first step in constructing any dam i3 to prepare the Foundation for
the proposed embankment. In some instances it Wy be desirable 1o huild a
coffer dam. In the case of a tailings dam, a stavter dam will wseally
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serve the dual purpose of cofferdam and provide syfficient stérage capacity

to retain the tai]ingé until the first stage of the embankment is complete.

The required storagé capacity will dictate the minimum height of the starter

dam to schedule closure of the first stage construction.

The planning, design and construction of the effluent or reclaim water
system from the tailings basin must be consist with the schedule for the

starter dam and the first stage construction.

It should be noted that the height of the starter dam wil) depend on: (a) the
area and volume of the tailings basin, (b) the volume and schedule of the
tailings disposal, (c) the necessary depth of water in'the pool to maintain

a clear effluent, (d) the height, details and st hedule of stage one con-

struction and, (e) details and schedu]iﬁg of the effluent or reclaim system.

The embankment construction schedule is related to the rate of rise of thé'
pond. The elevation of the crest of the starter dam, the wolume of rock Fi1l
or borrow-material in the embankment, and the stage boundaries are established
so that successive berms afe ready for the tailings ﬁﬁpﬁﬁmes before the @il

ings in the basin rise to the level of the construction berm.

The excavating and hauling of material from the various borrow areas must
be closely supervised so.that each zone in the starter dam receives the
proper material, the layers are placed on the dam in proper thickness., @and
" the moisture and compaction are up to specifications. Moisture and density

samples must be taken frequently to insure proper density.

It has been stated previously, but it cannot be bweremphasized, that the
starter dam using the upstream method of construction should e welatively

permeable, whereas with the downstream method it showld be welatively
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impermeable. ySee Figs. 10 and 11 for typical detail of starter dam
construction. Each area has its distinct problems, and these figures

merely illustrate éome of the detail necessary for proper construction.

A. Pervious Starter Dam

Excavation for the base of the starter dam should be down to a competent

soil that will withstand the weight contemplated. A1l the organic soil, trees,

and brush should be removed. On a smooth rock foundation with a 5- to

10-percent slope, a trench cut into bedrock may be needed to key the dam to

the rock. Foundation defects such as open cracks in the bedrock, clay seams,
cnoppo sy woCrk QT R&T#bN\ op RUALLEY

buried coarse talus deposits, or pervious foundation soils should all be:

remedied. Loose and pipable material should be excavated, and open cracks

should be filled to prevent piping under the dam.

A11 the possible problems and conditions for all situations cannot be
éontemplated. Actual treatment of the fdundation depends on conditions

exposed in the field and must be solved there. Seepage through or beneath

. the starter dam in this case is not bad except that it must be controlled so

that it does not lead to piping. On deep alluvium most of the seepage

would go out the bottom of the pond with part of it flowing under the dam.

-2 -3

A pervious starter dam should have a permeability of 10 © to 10 ~ centi-

meters per second, but the main criterion is that it have a higher permeability
than the sands it is rétaining. It is necessary that the starter dam not
retain water so that the phreatic surface hits as low as possible on the
upstrean face and does not emerge on the downstream face. All the water

that reaches the starter dam must go freely through it to a collection pond
below the downstream toe. The sand-gravel mix must be pTaced in thin

/‘W(f’l/u’/‘)\ oy e T
layers and compacted to 95 percent of Proctor to insure stab111ty wh11e
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construction of the dam should be tested for permeability in the laboratory
at Standard Proctor density and the material should be placed in the dam
so that the permeability increases downstream and the overall permeability

is greater than that of the sand being jmpounded.

"B Impervious Starter Dam

" 1f all or most of the borrow available for construction within economical
hauling distance of the cite is a relatively impervious material, or if
the "downstream method" of placing tailings is to be used, an impervious

starter dam should be built.

The method of construction for the impervious starter dam is the same as

for the pervious dam. Compaction‘should be 95 percent of Standard Proctor,
and the foundation excavation and preparation should be the same. For the
ordinary upstream method of placing sands, the starter dam should have drains
to catch all the seepage water and let it pass freeiy under the starter dam
in p%pe or blanket drains. Under gg_conditions should the starter dam re-
tain water again§t its upstream face because it would become saturated and
‘unstable. Under these conditions the seepage could emerge high on the’sand
face above the top of the starter dam, and remedial measures would be nec-
essary. These remedial measures are described elsewhere but are no substitute
for proper drainage, desigh, and construction. The ultimate height that

the dam could be built is materially reduced if a high phreatic line is

generated.

With the downstream method, the starter dam is at the upstream toe of the

completed dam. It can and should be impervious relative to the sand and
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retain water as much as poss1b1e The seepage that eventua]]y goes through
and over the top of the starter dam will move down through the. more pervious
sand and into the drains between the starter and downstream toe dam (figure
12). "The otability of this starter dam is not a problem because it even-
tually is completely surrounded by tailings sand‘on its top and downstream

and by slimes upstream.

The area between the upstream starter dam and the downstream toe dam must
have blanket or strip drains to catch all the seepage and drain it out to
a holdlng pond where it can be recycled or discharged. These dra1ns
would not be nec essary if the cyclone sand were > 100 times the per-

meability of the starter dam.

VI1. DRAINAGE
Seepage will occur whenever there is a d]fferent1a1 head of water across

an earth dam, however, the quantity can be contro]]ed within reasonable

. Timits.

((—From the designer's viewpoint, 1f is desirable to promote drainage of

water from the tailings dam in order to keep the phreatic surface as low \\f
as possible and help the consolidation and stability of the embankment. o
For this reason, the relatively pervious tailings dam is the most common
design used.) It is also the cheapest because it can be built from the
coarse fraction of tailings or from readily available borrow material. The
jmpervious tailings dam is the least common type and is used only where
it is necessary to retain polluted water or low-density solids that are
sTow tg’conso1idate. In either type of dam,'the stability of the dam
is of paramount importance and necessary provisions must be made to con-

trol seepage through and under the embankment and to control surface

£ Snt thn nn
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Unwanted seepage through the bottom of a tailings pond in a relatively
level area with deep bervious alluvium can be tremendous at the clear
water-soil contact. A layer of slimes reduces this seepage considerably,
but with a normal spigoting operat1on the slime is below the area of
contact, leaving a water-soil contact 50 to 100 feet or more w1de unless

’igsécia1 effort is made to place a slime layer over the entire area

© first.

Seepage thréugh a natural soil or roék mass depends not only on the
coefficient of permeabi]ity of the homogeneous material but also on
Tocal }ariations such as fissures, joints, lenses of open-work talus
and gravel. The voids in a homogeneous soil, without fissures, can be
measured in fractions of a millimeter. The dimensions of open fissures
which exist in natural soil or rock masses and in embankments, can
often amount to several centimeters. The seeﬁage flow through such
fissures can exceed by hundreds of times the flow through the homo-
geneous soil or rock itself. Where potential seepage is importaﬁt,
which is the case with tailings embankments, the existence of such
fissures should be considered. They can occur in the foundation, at
the contact surfaces between the embankment fi11 and the underlying
foundation and abutments, within the fill itself in the form of segre-

gated seams of stony material between compacted 1ayers; and at contact

points between conduits and walls incorporated in the fill.

Economic considerations frequently dictate that the tailings embankment

be constructed using the most readily available fill material commensurate

with adequate stability of the structure. The position of the phreatic

-
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surface or water table within an embankment has a marked influence on

the slope angle required for stability. If the permeability of the embank-
ment fill is of the same order of magnitude or less than the tailings ad-
jacent to the embankment, drains should be provided beneath the ﬁownstream
zone to lower the phreatic surface. The drainage system may consist of |
chimney drains, blanket drains, finger drains, toe drains, drainage pipe or

a combination of internal drainage methods.

Q§u1tab1e drainage provides the following advantages~ (a) the phreatic
surface will be lowered in the downstream zone of the dam, thereby avoiding
the problem of sloughing along the downstream slope at a point where seepage
might otherwise exit} (b) Towering the phreatic surface reduces the pore
water pressure and increases stability of the embankment settion, thereby
permitting steeper downstream slopes and réqui?és Tess i1l to achieve the -
desired factor of safety, and (¢) the internal drainage systEm can be de-
signed to permit seepage water 1o drain pelow the frost Tine, reducing the
poss{bility of ice Tensing (which creates an imp@?vﬁqus layer and
causes buildup of pore water pressures) and syrface sloughing with sub-
sequent thawing. Figures 13 and 14 i1lustrate the effectiveness of

uhderdrains and pervious foundations in lowering the mhreatic $UY$ate;/)

The choice of drains depends on the availability of Suitable drainage mater-
fals, drainage capacity required, cost of ctonstruction and foundation con-
ditions. Permeability of the drain material Should be at least 100 times’
greater than the permeability of the adjacent=embankment material and its

gradation must satisfy filtering requirements.

Pipe drains should be avoided if the Touhdatioh bheath the tailings

eibankment s compressible @hd siynificant difrei@ntial vettienent s antici-
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pated. The lateral strains associated with differential settlements may result
in opening of pipe joints, loss of fine material into thé pipes and internal

embankment erosion that may be impossible to control.

Where pipe drainage is used, the pipes should be designed to withstand the
maximum anticipated loads, including those 1mpdsed by settling of the over-
lying fill. If perforated pipes are used, the perforations should not be

at the top or at the bottom so as to minimize the entry of solids and prevent
loss of seepage water once it has entered the pipe. The perforations should |
not be larger than half of the 85% size of the dfainage material surrounding
the pipe. Larger pipe perforations can be used if the‘pipe is wrapped with

a woven nylon mesh of filter specification. Pipe drains can seldom be re-
paired. In view of the serious consequences resuiting from the collapse of
pipe sectidns, or opening of joints, pipe drainage systems should be avoided;

finger drains and blanket drains with suitable graded filters are preferable.

Finger drains consist of strips bf pervious drainage material placed on the
foundation, and in some cases at higher levels also, prior to placing
overlying embankment fill. The arrangement and alignment of strip drains
will be governed by contours of the foundation surface. The drains should
. be provided‘with adequate fill to outlets 1oca£ed beyond the.downstréam toe

of the embankment.

Designers have to determine thickness of the drainage b}énket or the
dimensions of finger drains, to ensure that their capacity is greater than
the calculated rate of seepage through the embankment.> The lower limit

of the probable range of coefficients of permeability of the drain materials
should be used in these calculations. Where the foundation strata are
relatively permeable and the natural groundwater table is hiéh, the design

capacity of the drainage system should take 1ntQ account any seepage that
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may enter the drainage system from the foundatioﬁ strata. ¢ Where

the natural groundwater table is at an appreciable depth, some of the
seepage through the embankment may drain into the foundation strata,
_._thereby reducing the required capacity of the drainage system,) If

the foundation strata contain layers or laminations of relatively im- |
pervious material, loss of seepage into the foundation may be severely
restricted, in which case an impermeable foundation should be assumed.
Dimensions of the drains should be as generous as practicable commen-
surate with the quality and cost of the material available and the |
need to construct the drains without constrictions, gaps, or segre-

gation of hateria]. The construction of all internal drainage systems for
earth dams should be rigidly controlled to aséure the quality of this
component. The thickness of blanket and fingér drains should be at

least 12 in. (30 cm), and the width of the drain should not be less

than 10% of the difference in elevation between the pond surface and

the drain.

Blanket and strip drains should be designed to accommodate full design
flow when the phreatic surface within the drain is below the upper

surface of the drainage material.

A. Blanket Drain.

This type of drain would be used in a cross-valley dam with either a

pervious or impervious starter dam, where bedrock or a relatively imper-

~
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vious base is close below natural ground level and where the upstream
method of dam bui]ding is to be used utilizing the tailing sands. The
purpose of this blanket drain is to intercept the water that moves down-
ward out of the tailings as well as any springs or artesian water that
may come up from below. If springs are found in site investigation or
artesian water in drill holes, either from the rock or below a stratum

of impervious clay, the blanket drains should have capacity to remove

all this Qater plus additional capacity for that which may not have been
discovered. It is very important that this water be removed because in
mounéainous areas it could have a high head and if trapped below the

slime layer in a tailings pond it could exert tremendous upward pres-

sure and greatly reduce the factor of safety of the embankment.

The drain consists of a layer of clean gravel up to 18 inches thick
extending from above the upstream toe to below the downstream'toe and
wide enough to cover the main valley bottom: " This gravel drain is pro-

tected by a 9~ to 12-inch filter 1ayef of clean sand and gravel both

" . above and below. An additional drain of unprocessed sand and gravel up:

to 3 feet deep is also placed upstream to extend the drain area as far as

deemed necessary to catch all the seepage.

These drajns must have a catchment ditch filled with cobbles to intercept
the drainage and prevent erosion on the downstream face. Where the down-
stream slope of an embénkment is composed of fine-grained materials, water
should not be allowed to flow out of this slope. Lowering the phreatic
surface increéses the stability, permitting the use of steeper slopes, and

reduces the volume of construction material needed. In cold climates it

R
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is especially important that the drain water be directed through a drainage
blanket below the compacted soil so that it will not freeze and raise the
phreatic surface causing the entire embankment to become saturated behind

a frozer blanket of scil on the downstream face of the starter dam.

"B Pipe Drain

Where drainage pipes are to be used, the pipes should be designed to with-
stand the maximum anticipated load of the overlying tailings. When per-
forated pipe is used, it should be perforated on the bottom half only and

laid with the perforations down, with a bed of gravel both top and bottom

.and graded filter surrounding the gravel (Fig. 14 ). The diameter of

the perforations should not be larger than one-half of the 85-percent

size of the drainage material surrounding the pipe.’(;ipe drains can be . /;4;;
very satisfactdry with a good foundation and éaréfu] construction, but ”
the blanket or strip drains may be more fail»safe.) Various arrangements

of pipe déains'can be made. A perforated pipe paf§11e1 to the upstream toe

of the starter dqm with one or more solid pipes through the dam to the
downstream toe is the simplest. This same arrangement can be used as a.
collection for drains up to 600 feet long running parallel to the valley at
right angles to the dam axis and spaced at 50- to IOO-foof intervals along

the valley floor and walls (Fig. 15 ). Pipes through the starter dam should
not be perforated and should have at least three cutoff collars that extend

at least 2 feet from the pipe to prevent "piping".

If the foundation beneath a tailings embankment is compressible and dif-
ferential settlement is possible, pipe drains should be avoided. The stress
may result in opening pipe joints or breaking the pipe, which might allow

internal erosion.
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C. Strip Drain

Strip drains are the same as blanket drains in design and construction
except that they are narrow strips of drain material laid in the foundation
prior to dam construction. They are laid out to carry drainage through the
dam and to outlets beyond the downstream toe of the embankments. The drains
are laid out in strategic locations to catch the drainage and must be
arranged according to the contours of the foundation. Strip.drains can

be used upstream from the starter dam in the same manner as blanket or pipe

drains.

.

in areas where the bedrock is 100 to 500+ feet deep and the soil is very

2 4

to 107

pervious (107 centimeters per second) the blanket, strip, or

pipe drains extending upstream from the starter-dam would not be used

" because the seepage through the bottom would go down toward bedrock and

not follow the drain. (Near]y every mine has a different set of conditions,

and each tailings area must be designed éccdrding]y. )

Because of the layering in a spigoted embankment, the permeability in

" the horizontal direction may be as much as 5 to 10 times that in a vertical

direction, especially if the grind is coarse and the pulp den;ity is low.
To determine the seepage from the pool and from the spigoting on the beach,
a flow net should be used to estimate the seepage rate to the drains.

The quantity of seepage will depend on the permeability values, hydraulic
gradient, and area of flow. In some embankments and possibly all of them,
the piezometric head from the downstream toe up and under the beach (on a
large dam 500 to 600+ feet distance) is determined more by the water
flowing on the beach during disc harge than by the water escaping from the

pond area. The water in the pond is contained in a saucer of slime with
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the permeability lowest at the center of the pdnd and incredsing toward

the beach.

Calculating the thickness and width of blanket and strip drains is probably
worth the effort from a cost standpoing because the difference of cost

between 1 foot and 2 feet of gravel over a large area could be considerable.

R

The drains should be as large as practicable considering the cost and avail-
ability of materials. They should be uniform and continuous and constructed

of the proper gradation of materials, without which they could become useless.

Granular materials incorporated in underdrainage systems should be com-
patible with the properties of the seepage water they are designed to carry.
Drainage materials composed of carbonate rocks are unsuitable if the seepage

collected by the system is acidic.

Blanket drains and strip drains should be designed to be capable of passing
full design flow when the phreatic surface within the drain is at or below

the upper surface of the drainage material;

VIII. SAND YIELD.
- : ‘ : \
The yield of suitable sand obtained in separating the coarser fraction from

the raw tailings affects the design and construction of the embankments.

The yield of acceptable sand from cyclones can bé calculated from the

gradation of the raw tailings and the chafacteristics of the cyc]oneé. The
rate of embankment construction will depend on the amount of available sand,
the length of the embankment being built, and the weather, or the number of

months a year that it is possible to construct embankment. Using cyclones
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and the downstream method, each foot of rise takes longer and requires more

sand than the previous foot. The use of cyclones with the centerline method

is clearly as bad.

(In planning any tailings site, the active time for embankment utilizatfon
js far below 100 percent. The time required to build embankment and replace
spigots or cyclones and the time necessary to raise the entire line to a
new berm are times when the pond is not available for discharging tailings
unless they can be "dumped" at some other spot in the pond:> For this reason,
it is better to have two complete and separate dams. This is especially
important at the start of a new operation. With two dams there can be a
complete shutdown of an area so thét the sand beach can be drained, dike
built, and pipes or cyclones replacéd. By alternating sites, a regular
schedule of maintenance and operation can be sef up; also the annual rise
of the embankment is reduced, which imbroves siope stability. Where the
winters are severe, dike building can be done only in the 6 to 8 warmer

. months to'prevent the formation of ice lenses in the beach area. Enough
sand must be available to build enough dike in the summer to last through

| ~ the winter months. Where tailings sand is used for mine stope fill, the

amount of sand available for embankment construction is further reduced§

of course, the total volume to be impounded is also reduced by this amount.

" When the grind is such that the proportion of minus 200-mesh tailings is
more fhan 55 to 60 percent, the use of cyclones is almost mandatory in
order to save the entire volume of sand for dam building,) Under certain
conditions, a water-type dam should be considered even though the capital
cost is high. For these dams the operating éost is very low. Conditions

that may warrant water-type dams are high percentage of slimes, harmful

PRELWMNARYDRAFTREPORT,SUBJEGTTQFH&HEW



Page33

chémica]s in the tailings, and, for phosphate clay, slimes with no sand in

the tailings.

A. Sources of Materials

A fundamental consideration in the design of any earth embankment is that

of the sources of materidl from which the embankment can be built. Be-

cause of the relatively large quantities of fill involved, it is desirable

to locate borrow pits close to the embankment. (fhe cost of hauling borrow e
materials more than one or two miles is usually prohibitive. In the case

of embankments required to retain mine wastes, the 1ow‘costs of waste mater-
jals ‘available for use as fill will often dictate that these materials be

used to‘the maximum possible extent for embankment construction and that

more costly borrow materials be kept to a minimum. ' If the quantity of sands
from the tails are not SUfffcient to build all the dam needed, then fill.

will be brought from the mine or borrow pits.

B. Waste Quantities

Together with the.topograpﬁy and geology of sites available for the disposal
of waste materials, the overall quantity'of waste will establish the extent
and height of waste embankments. A lower but more extensive waste pile

may ensure a greater degree of stability at some sites but may be less
economical than one of greater height and more limited éxtent. (%he required
rate of disposal may affect the method.of disposal, a]so! and consequently

the design of the embankment.)

1x. CONSTRUCTION DURING OPERATION

The beach formed from tailings containing 38 to 40 percent minus 200-mesh
material discharged at 30 percent pulp density is a relatively clean sand

with 10 to 15 percent minus 200 mesh and makes a annd dite-building material.
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It - will drain rapid]j and can be moved with a dragline or dozer from the
beach to build the‘dike when the moisture content is optimum for good com-
paction. Tests should be made on this material to determine the optimum
moisture, depth of each layer to be compacted,.and method of compaction.
Care should be taken that the mofsture of the sand does not get into the
“buiking range where it is‘virtua11y impossible to get good density. The
- permeability of this beach material can be in the range of 1 X 10'2 to'

1 x 1073 centimeters per second.

Carefully controlled cyciones can produce a very uniform product, but when
they are on a tailings embankment with all the variables there is a great
difference in the product. The pulp density, feed rates, pressure, and wear
on the cyclone orifice all make a difference in‘the cyclone underflow,

and there is 1ittle that can be done on the short term to change the

cyclone adjustment to compensate for it.

fhe gradationAof the tailings from the mill is entirely dependent on the
grind necessary to free the ore minerals from the gangue. This is determined
first in the labdratory and then in a pilot mill during the design phase of a
new mine. When a suitab]e grind has been determined in the pilot mill,

tests can be made to determine the types and sizes of cyclones and the number
of stages necessary to provide a suitable underflow. Spigoting tests

of the sands can also be made to simulate the segregation on the beach to
determine if this method can be used. From this same material a probable
rahge of permeabilities of the sand can be determined and will enable the
designer to incorporate suitable seepage control provisions into the design.
The tailings produced by the cyclones may be adjusted during early stages of
operation to get the proper sand for embankment construction. (The sand sep-

-aration and placement should be carefully watched. / An attempt to recover
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additional metals could make a change in the mill circuit and'also affect

the tailings pond.

X.‘IBILINGS EMBANKMENT CONSTRUCTION

The vast majority of mine concentrators use 2 wet process to separate the

valuable minerals and the tailings mater1a1 is 4n the form of a slurry for
convenience of disposal. Therefore, when tailings are used to construct 2
tailings dam, it is frequently constructed by hydraulic means us1ng one

of two common methods - by hydrocyc]on1ng and by spigotting - to separate

the relatively coarse-grained sand wh1ch is useful for bui1d1ng purposes

from the fine-grained slurry.

The three common construction methods i1lustrated in Fig. 5 are the

'downstream method, the upstream method, and the'fixed centreline method.

( To regulate expenditures for tailings disposal, embankments are frequently

\ raised in stages as required to maintain the desirable freeboard of the

| dam above the pool surface. The most practical method of raising the
embankment in stages will be governed by such considerations as: the design
of the dam, materials available for construction, methods and distribution
of tailings sand production, and on the volume of sand required in the

embankment cross-section. )

'\l?

ijVJIﬁ’/Re downstream method the crest of the embankment is raised in successive’

stages by placing tailings sand on the downstream ¢ide of the starter dam.
The starter dam forms the upstream toe of the ultimate dam and should be
impervious to restrict seepage. This method provides major structural
advantages by facilitating installation of 1nterna1 drainage at the base
of the dam beneath successive stages of construction, enabling the total

structural section to be built with competent material, and permitting -an
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engineered upstream seal to be included in the embankment. (Fig. 5)

In the downstream ﬁethod, the total embankment section lies outside the
boundaries of the sedimented tailings slimes. Material incorporated in
subsequent stages of the embankment may consist of the coarse fraction of the
tailings separated by cycloning, waste rock from the mining operation, or
natural soils from nearby borrow pits. When cyclones are used, the overflow,
or slimes product, is discharged beyond the upstream toe of the embankment.
The downstream method of construction permits controlled placement of the
embankment materials and compaction can be inc]uded when it is desirable

to increase the shear strength of the construction materials. The inclusion
of internal drainage and an upstream seal will result in a low phreatic
surface within the embankment. The downstream method is an inherently

safer procedure than the upstream method of construction.

Hydrocyclones, or cyclones, can be used to separate sands from the slimes.
A serieé'of cyclones can be placed along the crest of the embankment as shown
_ 3peeTiPe £16 17
in Figs, 16, 17, 18,!5?) 20, or a group of cyc]onei1can be mounted in parallel as
a mobile unit which travels parallel to the Tongitudinal axis of the dam.
It is possible to construct an embankment or a stage of the embankment‘to
any desirable height in a single Tift, using a mobile cyclone unit without
the assistance of other’machinery. Also, the tailings header can be laid
along successive berms with a series of cyclones mounted .on raised movable

platforms or the tailings header can be mounted on trestles or towers with

lateral takeoffs for each cyclone to construct the next stage.

It is necessary to elevate the cyclones to provide temporary étorage for
the cyclone underflow sand prior to spreading and compacting. The overflow

from the cyclones is discharged upstream into the slimes basin.
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Cyclones are usually used for the downstream method or the fixed centreline
method. The limitation on the application of cyclones for building tail-
ings dams is often dictated by freezing weather or the limited amount of
sands in the tailings slurry. Generally, it is not practicaT to construct
. tailings dam by the downstream or centre]ine methods if the tailings
contain more than 75% slimes. When the tailings sands are used for back-
i underground and the remaining tailings directed to the tailings basin,
it is not practical to use cyclones for dam building. Cycloned tailings
sands are pervious and therefore it is essential to provide an upstream

imperyvious seal to restrict the flow of seepage water from the tailings

basin.

M/////Tﬁ’the upstream method of construct1on the crest of the embankment is
raised in stages by placing tailings sand in success1ve dykes above the
upstream side of the starter dam, or the upstream side of a preceding
dyke. The successive stages form a relatively thin structural shell on
the downstream slope, and it is generally necessary to improve stability of
the dam by including berms at the stages.to flatten the overall effective
‘slope. The initial starter dam forms the downstream toe of the ultimate
dam. It must be pervious to brevent the buildup of pore water pressures
which may permit more seepage than desired. This problem can be reduced
by providing a low starter dam with a wide baserf pervious material, seal-
ing the upstream slope with a limited amount of impervious material. The

second stage is built above the crest of the wide starter dam (Fig. 5).

Spigots are frequently employed in the upstream method of construction. As
the tailings slurry 1§ discharged from a series of spigots along the crest

of the dam, the slurry meanders in a random manner depositing sands and
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and slimes in a series of loose, discontinuous, horizontal éfratifications.
To provide the requi}ed freeboard on the crest of the dam, it is necessary

to reclaim the tailings adjacent to the crest with mechanical equipment

such as draglines or dozers. It is difficult to‘provide a competent seal
above.the base of the settling pool and the line df saturation within the
embankment varies as the élevation of the pool surface is increased. A

major portion of the structural section of the embankment is composed of
Joose material with a relatively high phreatic surface and low shear
strength. ' Therefore, to provide an adequate factor of safety for the embank-
ment, the downstream slope must have a relatively flat‘ang1e or

berms must be included to provide a desirable overall effective slope.

Owing to the wide variation in permeability and the possibility of high
porewater pressures, low relative density and low shear strength, the
upstream method of constfuctibn may be unsuitable for areas subjecf to intense

seismic activity.

The sand characteristics from the cyclone underflow are relatively constaht

for a particular set of operating conditions, whereas the characteristics

- of the spigot product vary widely from one location to another depending on

velocity of the meandering discharge and location of the sedimented particles
within the stream. An embankment which has been constructed by spigotting
usually consists of a series of horizontal discontinuous stratifications

of sand.and slimes.
)

Yo

wl

XI. CHANGES IN WATER LEVEL WITHIN THE EMBANKMENT

Changes in the level of the water table in a waste embankment will change
the pore pressures and consequently the resistance of the pile to sliding.
Increases in level can b2 caused by surface water seeping into a waste

pile, springs located under the pile and not effectively drained, seepage
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water from settlement ponds constructed on the pile, blockage of drainage
culverts beneath or around the waste pile and changes in the characteristics

of the waste materials placed in the pile.

/In tailings embankments, increases in the level of the water table can be
caused by blocking of drainage and filter layers within or below the
embankment, freezing of surface layers of material on the downstream slope

of the embankment and changes in methods being used to construct the embank-

ment.

Alteration of the permeability of foundation materials below waste embank-

*

ments caused by strains induced by mining subsidence can also affect the

level of the water table.

( XII. WINTER CONDITIONS

&\Freez1ng can affect tailings embankment design in several ways. Spigotting

or cycloning operations may be 1mpract1cab1e during the winter, thus pre-
venting raising of the embankment crest during this season. Meanwhile,
with continued disposal of tailings into the pond, the pond level will con-
tinue to rise. Partﬁcu]ar1y with embankments constructed by spigotting,
the freeboard available at the end of the winter for storage of the spring,
snow-melt runoff may be very small, involving a real danger of overtopping
or piping failures. This seasonal variation in disposal procedures may
also affect the distribution of tailings materials in the pond, winter
dumping of tailings at points distant from the embankment sometimes causing
the fine "slimes" fractions to settle near the face of the embankment.
Subsequent raising of the embankment crest err these slimes may then lead

to instability of the embankment.
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Snow layers 1nc0rp0r5ted in the embankment, or the freezing of saturated
materials on the downstream face, can also affeéf its stébi]ity. Freezing
of the downstream face, which is aided by high pond water levels, can
cause instability by blocking natural drainage, thereby raising the Water

table in the embankment. Freezing of the pond water surface can also cause
difficulties with water reclaim, thus affecting pond levels. f |

XITI. RUNOFF CONTROL

/
‘Tailings basins and waste piles should preferably not be located in natural
water courses. If it is necessary to locate a disposal area in a stream bed,

the stream must be diverted around the disposal area. )

There will always be some catchment area contributing runoff into a tailings
basin or waste embankment. This may vary from a minimum area encompassing

the perimeter of the tailings basin to a substantial watershed above the

tailingé dam.

The tailings basin effluent system must be designedlto have sufficient
“capacity to handle the maximum inflow into the basin and maintain a minimum
freeboard on the damiduring the peak flow. It should therefore be designed
to handle the peak 24-hour flood flow, with a recurrence interval of 100
years, plus the maximum production flow from the fai]ings system. In some
jnstances, the product1on flow may only represent 5% of the peak flood flow.
The common methods of handling tailings effluents are by decant tower and
conduit through the dam, a weir spillway, and reclaim pump-barge on the

tailings pond.

The minimum desirable freeboard on the dam should be maintained during
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conditions for peak flood flow. To minimize design capacity of the tailings
effluent system, an emergency spillway can be installed in the crest of the
.dam to handle the flood runoff capacity for the tailings basin watershed.
s an alternative to an emergency spillway, the dam can be redesigned with

excess freeboard to accommodate the total flood runoff below the minimum

““désirable freeboard elevation. In many instances, after water diversion,

. the watershed for the tailings basin is only slightly larger than the

tailings basin itself, making it relatively easy to accommodate the flood
runoff with ‘extra freeboard. The most critical period will usually occur
during the early years of waste disposal when the storage capacity behind
the dam is relatively small. Evaporation is not a crifica] factor in the
maximum design capacity because the peak flood occurs during a relatively
short period. (it is important to make provision for runoff after abandéning
a tailings basin.}

/"

(The effects of runoff can include: overtopping and potential failure of a
‘tailings dam when sufficient freeboard orvdecant capacity have not been pro-
vided, surface erosion or waste piles with resu]tfng down stream pollution,

‘and a decrease in stability of waste piles and tailings embankments result-

ing from an increase in pore water pressure or erosion from runoff. 7

 Methods for the design of diversion channels and spillways are described in
readily available hydraulics handbooks. Usua1]y, the most critical point
in their design is avoiding erosion affecting the safety of the embankment.
for this reason, the gradients of diversion and spillways channels should
be kept sufficiently flat that erosive velocities will not occur near the
embankments. Alternatively, channels may be protected against efosion
with various kinds of lining or with stone paving. The magnitude of

permissible flow velocities for various classes of natural soils and the

S o /M//M( ST % T Pl Cpp e Bpd
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and Fig.21,22, To be effective in preventing erosion of underlying fine
soils, paving stones'should be founded on a layer of filter gravel graded

as described previously.

XIV. EMBANKMENT FREEBOARD AND WAVE PROTECTION

. . . .
| In addition to the freeboard required for the maximum flood flow and maximum

‘vtai1ings capacity, minimum freeboard should be provided on tailings embank-

ments to prevent overtopping of the embankment by waves. The height of
wave depend§ on wind velocity, duration of wind, the fetch or distance over
which .the wind can act on the water and depth of water. For most tailings

ponds, the maximum wave height is governed by the fetch distance.f

If a broad, flat beach is maintained on the upstream side of an embankment,
waves will break and their energy will be dissipated on the beach, thereby -
providing some protection against overtopping'by breaking waves. On steep
upstream -slopes, riﬁrap will 1imit the uprush of the waves to approximately
1.5 times the height of the waves and will prevent erosion of the face

by wave action. Riprap could be necessary on tailings embankments
constructed across the bays of natural lakes or on completed embankments
which impound a substantial pond of water. The approximate wave height

for various values of wind velocity and fetch, and the necessary freeboard
and riprap gradation for 3:1 riprapped slopes, are givén in Table 4

For 2:1 slopes, the nominal thickness should be increased by 6 in. (15 cm).
With fine-grained embankment materia], a layer of filter gravel should be

placed beneath the riprap.

The minimum freeboard should be measured from the maximum projected flood
water level to the crest of the embankment. The maximum flood level will

be & function of the type and capacity of the decant system or spillway
PRELWMNARYDRAFTREPOQT.SUBJECTTOFWAHEW

o




Page 43

provided to accommodate the runoff flows.

XV. WATER RECLAIM SYSTEMS

Decant Pipe and Towers--The most common method of reclaiming water from

““a~tailings pond is through decant tower and lines. (Fig. 23). These can
. vary from a simple 8-inch pipeline laid along the ground from the down-
stream toe to the clear water area and extended as the dam is raised, to
lafge steei and reinforced-concrete conduits with reinforced-concrete
towers. The former is used for small operations, and the Tatter is
desighed for a 500-foot-high embankment. In this system the clear water
near the surface of the pond flows through closely spaced openings on
top of the pipe or in the tower through the conduit under the starter
Adam to waste or to a holding pond where it is pumped back to the con-

centrator water storage pond. The—openings—ie

The use of barge pumps as a method of reclaiming water from a tailings
pond is becoming more popular because of its versatility and lower cost,
‘especially in thé Jarger operations where high dams are planned. The

cost of long decant pipes of heavily reinforced concrete may be many times
the cost of a barge and pump. The barge pump gains considerable static
head over the decant 1ines with pumps. This results in a reduction in

required power and cost. (Figs. 24, 25).

A. Decant System

The system has the following advantages:
1. Mechanical and electrical failures do not stop discharge from the pond.

2. The operation is extremely simple.
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3. If decants are designed with sufficient capacity, they can serve as
permanent drains and handle runoff to keep the pond empty, or main-
tain a constantvpond elevation after the tailings operation has been
abandoned.

The system has the f0110w1ng disadvantages:

RPN

1. The pumping head is higher if water is collected at the downstream toe
of the embankment and pumped up to the mill.

2. High decant towers are susceptible to wind damage and are also suscep-
tible éo aamage’by tailings solids surrounding them. This is especially
true where tailings a}e dumped into the pond at various places and might
s{ump in a large mass against the tower. There is also danger from ice
damage in cold climates. If spigoting along the crest of the embankment
is the only method of disc harge, there is Tess danger of damage.

3. The decant lines and towers must be designed to withstand the full
hydrostatic pressure of saturated tailings to prevent failure.

4, Foundation settlements are likely to créck or open joints in decant

culverts, leading to piping ihto and through the culvert. For this
reason mono]ifhic reinforced-concrete culverts are preferred over pre-
cast concrete secfions. |

5. Pipes that have collapsed or cracked are nearly impossible to repair,
and leaks are almost impossible to stop.

6. Culverts and towers are more expensive to construct than barge pumps.

B. Barge Pump System

The system has the following advantages:
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1. It is easy to operate in the cross-valley embankment where the terrain
is steep, the grind is relatively coarse, and the clear water pool s
deep.

2. The power consumption is less than for the decant system.

3. The cost of a barge and pump- is much less than that of a decant system

e e

for large-tonnage operations.

The disadvantages are:.

1. Barge pumps cannot be used in relatively flat ferrain with a Tine grind
(keeping them out of the mud becomes a prob1emj.

2. Pumps must be raised periodically as the pond rises.

3. Freezing is a probiem in cold climates. (Low-pressure air bubbling
from submerged pipes can keep the barge free of ice.)

4. Pumps cannot be designed to handle the 100-year flood, 3o enough

freeboard must be provided for this emergency.
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Table 1 Permeability classification of soils

Degree of r‘)ermeabﬂ ity ' Value of k, cm/sec
High Over 1071
Medium 1077 to 1073
Low 103 o 107
Very low , : 107° to 1077
Practically impermeable Less than - 107/
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Table 2

Typical values of effective cohesion and

angle

of internal friction for - soils

Effective angle of

Silt (non-plastic)-

medium dense

Silt (non-plastic)-dense

Uniform Tine to

medium

sand-medium dense

medium dense
Well-graded sand
Sand and gravel

medium dense

- Sand and gravel

Tailings sand -

_Uniform sand - dense
" Well-graded sand-

dense

-dense
loose

Soil Effective cohesion
c' internal friction

psf kPa ¢ - degrees
Bentonite shale . 300 14.3 7
Muddy sand 400 19.1 30
Shale (fill cemented) 1000 47.9 34
.Sandstone (fill)" - - 35~ 45
Soft clay 400 19.1 Variable depending
Very soft-clay 200-370 9.5-17.7 on rate of load
Stiff clay 1500-2000 71.8-95.7 application

28-32
30-34

30-34
30-40

38-46*
36-42*

40-48*
40-55*
30-36

* Higher values
angles require

occur at low confining pressures. and such high

confirmation by thorough and

extensive testing,
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TABLE 3 - Embankment freeboard and wave protection
APPROXIMATE WAVE HEIGHTS
Fetch, miles Wind velocity, miles per hour Wave height, feet
P 50 2.7
L.eereeresvesanannoasos 75 3.0
2.5..... e eesiesaearaann 50 3.2
2 SR 75 3.6
2. S P 100 3.9
B iseecaseroosacssascasas 50 3.7
B enesensnoe escescaean 75 4.3
B veoaacean crranesacean 100 4.8
10, . ceearsevosnsenrancas 50 4.5
10 .o roroncenanranns 75 5.4
3 1o D 100 6.1
FREEBOARD REQUIRED FOR WAVE ACTICX
Fetch, miles Normal freeboard, feet {inimum freeboard, feet

‘Less than li....eenaen. ‘ 4 ‘ 3

L. eveneracacacnsonnnans 5 4
2.5 cieiennan e eeeseaen 6 5

B iecscacconns teeeceaas 8 6

10 . e et 10 7

RIPRAP REQUIRED ON 3:1 SILOPES FOR PROTECTION AGAINST WAVES

Gradation, percentage of stones of
. Nominal various weights (pounds)
Reservoir fetch, miles thiékﬁe;s, Maximum |25 percent| 45 to 75 |25 percent
inches size greater percent less ‘
than-- |From To than! --
1 and less..veeceareens 18 1,000 300 10 300 - 10
2.5 et iancancaean PN 24 1,500 600 30 600 30
S ceeeranes 30 2,500 1,000 50 11,000 50
3 (P R e 36 5,000 2,000 100 | 2,000 100

Isand and rock dust less than 5 percent.

Source:

U.S. Bureau of Reclamation.
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Table &: Embankment freeboard and wave protection

Approximate wave heights

Fetch Hind velocity Wave height
miles km miles/hr km/hr _ feet m

- 1 1.6 50 80 2.7 0.8
1 1.6 75 120 3.0 0.9

2.5 4.0 50 80 3.2 1.0
2.5 4.0 75 120 3.6 1.1
~ 2.5 4.0 100 160 3.9 1.2
5 8.0 50 80 3.7 1.1

5 8.0 75 120 4.3 1.3

, 5 8.0 100 160 4.8 1.5
| 10 16.1 50 80 4.5 1.4
10 16.1 75 120 5.4 1.6
10 16.1 100 160 6.1 1.9

Freeboard required for wave action
Fetch Normal freeboard . Minimum freeboard

miles km feet m feet m

<1 <1.6 4 1.2 3 0.9

1 1.6 5 1.5 4 1.2

2.5 4.0 6 1.8 5 1.5

5 8.0 8 2.4 6 1.8

10 - 161 10 3.0 7 2.1

Note: Freeboard should be calculated above maximum
design flood-level in the reservior.

Riprap required on 3:1 slopes
for protection against waves

Reservoir Nominal thickness Gradation, per cént of stone
fetch ft v m of various weights (1bs)
miles km maximum 25% greater 45% to 75% 25% less
 size than from to than*
<1 <1.6 1.5 0.45 1,000 300 10~ 300 10
2.5 4.0 2.0 0.61 1,500 600 30- 600 30
5 8.0 2.5 0.76 2,500 1,000 50-1,000 50
10 16.0 3.0 0.9 5,000 : 2,000 100-2,000 100

_ Hote: *Sand and rock dust less than 5 per cent.
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Thickener

Waste Pile .
Slurry Pipeline

Tailings Pond

Taifings Embankment -

=3

Underground Workings

Fig 1 - Typical mine waste disposal 'system
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