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serve the dual purpose of cofferdam and provide sufficient storage capacity

to retain the tailings until the first stage of the embankment is complete.

The required storage 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 ~claim water

system from the tailings basin must be consist with the schedule for the

starter dam and the first stage construction.

It shoul d be noted that the hei ght of the starter dam will depend on: Ca) 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 mai'nt:ai'n

a clear effluent, (d) ·the height, details and schedule of stage one CBn­

struction and, (e) details and scheduling of the effluent or :reclaim system.

The embankment construction schedule is related to the :t'<ate :of :rise :of the'

pond. The elevation of the crest of the starter dam~ ~~e '~l~e of '~-k fill

or borrow -materi ali n the embankment, and the stilge tbtltmda:ri-es ca're est:a:hl:;sherl

so that successive berms are ready for the tailings :pi:plii:nes hefnre -the i;a-'il­

ings in the basin rise to the level of the constf'!ilctiiCO'n :berm..

The excavating and haul ing of materi a1 from the w:a'f'ii~s !bn'rrow ia!f'e:a;s :mus:t

be close ly supervi sed so that each zone in the sUl.'f'te'r rdam 'r:e0ei')'fE.s the

proper material, the layers are placed .on the dam irn :p:mp:e'r t:hi:r:kne.s.:s., ~and

the moi sture and compacti on are up to specifi cations·. ~Moi'Sture 'tm:d :nensi'ty

samples must be taken frequently to insure proper tlensity..

// It has been stated previ ous ly, but it cannot be.o\v-€lY'€mphasi:z.ed., :that -..the

starter dam using the upstream method of construttn~n ~hnunn ~ l~e~~±iv£lY

permeab1e, whereas wi th the downs tream method it ~h~mld the )Y1F.·llalt!iw.e"ly
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impermeable. See ~igs. 10 and 11 for typical detail of starter dam

construction. Each area has its distinct problems, and these figures

merely illustrate some 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. All the organic soil, trees,
,

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

la-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,
" n'(''Ct',.) "-0CL ~T fI,;'iovJ\. op- n V/ll,Lecj

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.

All the possible problems and conditions for all situations cannot be

contemplated. Actual treatment of the foundation 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.

A pervious starter dam should have a permeability of 10-2 to 10-3 centi-

meters per second, but the main criterion is that it have a higher permeability

than the sands it is retaining. It is necessary that the starter dam not

retain water so that the phreatic surface hits as low as possible on the

upstream 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

bele)\'1 the downstream toe. The sand-gravel mix must be placed in thin
. ~ C::f>Vvl t)\<"TI.,U Ie..,.; I

layers and compacted to 95 percent- of Proctor to insure stability while
.P,8ELIMINAHY DRAFT REPORJ. SUBJEC"fTC? R~VIEW ..
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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 penmeability increases downstream and the overall permeability

is greater than that of the sand being impounded .

. -B-:" Impervious Starter Dam

If all or most of the borrow available for construction within economical

hauling distance of the site 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. Compacti on ,shoul d 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 ~ll the seepage water and let it pass freely under the starter dam

in pipe or blanket drains. Under no conditions should the starter dam re-

tain water against 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 star~er dam, and remedial measures would be nec­

essary. These remedial measures are described elsewhere but are no substitute

for proper drainage, design, 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 possible. The seepage that eventually 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 stability of this starter dam is not a problem because it even­

tually is completely surrounded by tailings sandon 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 holding pond where it can be recycled or discharged. These drains

,

would not be nee essary if the cyclone sand were> 100 times the per­

meability of the starter dam.

VI1. DRAINAGE

Seepage will occur whenever there is a differential head of water across

an earth dam; however, the quantity can be controlled within reasonable

1imits.

(' From the designer's viewpoint, it is desirable to promote drainage of

water from the tailings dam in order to keep the phreatic surface as low

as possible and help the consolidation and stability of the e~bankment.

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 tai]ings or from readily available borrow material. The

impervious 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

()

slow t~' consolidate. 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
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Unwanted seepage through the bottom of a tailings pond in a relatively

level area with deep pervious alluvium can be tremendous at the clear

water-soil contact. A layer of slimes reduces this seepage considerably,

but with a normal spigoting operation the slime is below the area of

contact, leaving a water-soil cpntact 50 to 100 feet or more wide unless

... -,..,.

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

first.

Seepage thro~gh a natural sailor rock mass depends not only on the

coefficient of permeability of the homogeneous material but also on

local variations 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 seepage flow through such

fissures can exceed by hundreds of times the flow through the homo­

geneous soil or rock itself. Where potential seepage is important,

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 th~ embankment fill and the underlying

foundation and abutments, within the fill itself in the form of segre­

gated seams of stony material between compacted layers, 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 tabl~ 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 tinwnstream

zone to lower the phreatic surface. The drainage system may cnn'sist of

chimney drains, blanket drains, finger drains, toe drains~ t1rail\a£-t~ pipe or

a combination of internal drainage methods.

~Suitable drainage provides the following advantages: (it) the phreatic

surface will be lowered in the downstream zone of the dam~ thereby avoiding

the problem of sloughing along the downstream slope at it point where seepage

might otherwise exit; (b) lowering the phreatic surfac~ ~duces the po~e

water pressure and increases stabil ity of the embank~nt s'ectinn., thereby

permitting steeper dowl'lStream slQpes and requires less "fill to achieve the

deSired factor of safety~ and (c) the lfltetnal draiflage .system can be de­

signed to ,permit seepage water to draln be1~)"w the t'l"ost l~i'ne" 'rBuut"ing the

possibility of lce lensing ~Whlch cYeates an lmpet~i~u~ 1ayer ~ntl

causes buildup of pore water pte"ssures) and ~urf,at'€ ~lbugh'i:n-g ,w'lth "~ub­

sequent thawing. ~igures l::3a'ho i4 11i'ustY'ate the~¥fect';v~heS"S of

uhderdraihs ahd pervious Toufl~at,of1s ii:t\ "HYwet"i119 the t)'hreat~ic ~u"r'f:ace)

the choice of dtains depenas on the ~v:al~l:ablHty or :s~dla'ble :dr=-ainage mater­

ia1s\ dra inage capacity requi red·, cost rof cO'nslruct10n caml Toomta'tfon con­

ditions. Permeability of the drain material s'hould beat l'ea'st TOatimes'

greater than the permeabil ity of 'the adjace'nt 'embankment material and its

gradation must satisfy filtering requirements.

~lpe {lraihs should be avo"ideo 'ff 'the rf\wjt(da~t'~-{jn q,Eihea1;h 'ttfe Lt:aT,"iln~rs

~~Wd<rnel1t is coMpress ib"le ~'i'1d ~s"i'9'rd:fl':oarnt C(fl'f~fi€!n~tW(l~ :se:t~filQ!nrmrt ~i santi ci-
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pated. The lateral strains associated with differential settlements may result

in opening of pipe Joints, loss of fine material into th~ 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 imposed 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 drainage material surrounding

the pipe. Larger pipe perforations can be used jf 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 resulting from the collapse of

pipe sections, 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 of 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 provi ded with adequate fill to outl ets located beyond the .downstream toe

of the embankment.

Designers have to determine thickness of the drainage blanket 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 p~rmeability of the drain materials

shouid be used in these calculations. Where the foundation strata are

relatively permeable and the natural groundwater table is high, the design

capacity of the drainage system should take into account any seepage that
." .
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may enter the drainage system from the foundatio~ 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-

surat~ with the quality and cost of the material available and the

need to construct the drains without constrictions, gaps, or segre-

gation of material. The construction of all internal drainage systems for

·earth dams should be rigidly controlled to assure the quality of this

component. The thickness of blanket and finger drains should be at

1east 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 building 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 water plus additional capacity for that which may not have been

discovered. It is very important that this water be removed because in

mountainous areas it could have a high head and if trapped below the

slime layer in a tailings pond it c9uld 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 l2-inch filter layer 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 drains 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 embankment is composed of fine-grained materials, water

should not be allowed to flow out of this slope. Lowering the phreatic

surface increases the stability, permitting the use of steeper slopes, and

reduces the volume of construction material needed. In cold climates it
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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 soil on the downstream face of the starter dam.

Where drainage pipes are to be used, the pipes should be designed to with­

stand the ~a~imum anticipated load of the overlying tailings. When per­

forated pipe is used, it should be perforated on the bottom half only and

laid ~ith 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

very satisfactory with a good foundation and careful construction, but

the blanket or strip drains may be more fail-safe.) Various arrangements
. "

of pipe drains can be made. A perforated pipe parallel to the upstream toe

of the starter dam 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 100-foot 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 II piping ll
•

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 ttle pipe, which might allow

internal erosion.

~' .
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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

pervious (10-2 to 10-4centimeters p'er 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. (Nearly every mine has a different set of conditions,

and each tailings area must be designed ~cc6rdingly. )

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 density 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

j' 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 \>Jith
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the permeability lowest at the center of the pond and increasing 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 fee~ of gravel over a large area could be considerable.
'':;''~'-'-'''I-' •

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 be calculated from the

gradation of the raw tailings and the characteristics of the cyclones. 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.

i

(In planning any tailings site, the active time for embankment utilization

is far below 100 percentr 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 that the sand beach can be drained, dike

built, and pipes or cyclones replaced. By alternating sites, a regular

schedule of maintenance and operation can be set up; also the annual rise

of the embankment is reduced, which improves slope 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.
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chemicals in the tailings, and, for phosphate' clay, slimes ~ith 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 materi~l 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. (The cost of hauling borrow

materials more than one or two miles is usually prohibitive. In the case

of embankments required to retain mine wastes, the low costs of waste mater-

ials ~vailable 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 sufficient to build all the dam needed, then fill·

will be brought from the mine or borrow pits.

B. Waste Quantities

Together with the topography 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 extent. (The required

rate of disposal may affect the method of disposal, als9, and consequen~ly

the des ign of the embankment. )

IX. CONSTRUCTION DURING OPERATION

The beach formed from tailings containing 38 to 40 percent minus 20D-mesh

material discharged at 3D percent pulp density is a relatively clean sand

with 10 to 15 percent minus ?OO me~h and m~k~s ~ nnnrl dike-building material.
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It will drain rapidly 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 mQisture of the sand does not get into the

bulking range where it is virtually impossible to get good density. The

, permeability of this beach material can be in the range of 1 x 10-2 to

1 1 -3 .x 0 centlmeters per second.

Carefully controlled cyclones 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 little that can be done on the short term to change the

cyclone adjustment to compensate for it.

The gradation of 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 laboratory and then in a pilot mill during the design phase of a

new mine. When a suitable grind has been determined in the pilot mill,

tests can be made to determine the types and sizes of cyclones and the number

of stage.s 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

range 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

ope~ation 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. TAILINGS Et~BANKMENT CONSTRUCTION

The vast majority of mine concentrators use a wet process to separate th~

.
valuable minerals and the tailings material isin the form of a slurry tor

convenience of disposal. Therefore, when tailings are used to construct a

tailings dam, it is frequently constructed by hydraulic means using one

of two common methods - by hydrocycloning and by spigotting - to separate

the relatively coarse-grained sand which is useful for building purposes

from the fine-grained slurry.

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

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

stages by placing tailings sand on the downstream side 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 internal 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 ~n
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engineered upstream seal to be included in the emban~nent. (Fig. 5) .

In the downstream method, 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 cyc)oning, 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 do\vnstream method of construction permits controlled placement of the

embankment materials and compaction can be included 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 series 'of cyclones can be placed along the crest of the embankment as sho","
_ 3&>\«0['1\.>6' f--I (, /1

in Figs. 16, 17, 18,!f9l 20, or a group of cyclones can be mounted ;'n parallel as
:'~ A

a mobile unit which travels parallel to the longitudinal axis of the dam.

It is possible to construct an embankment or a stage of the embankment to

any desirable height in a single lift, 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 storage 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 practical to construct

a tailings dam by the downstream or centreline methods if the tailings

contain more than 75% slimes. When the tailings sands are used for back­

fill 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

imper,vious seal to restrict the flow of seepage water from the tailings

basin.
.. 'f!'.
~~ the upstream method of constructi on, the crest of the embankment is

. raised in stages by placing tailings sand in ~ucce'ssive 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 prevent the buildup of pore water pressures

which may permit more seepage than desired. This problem can be reduced

by providing a low starter dam \vith a wide base of 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 is 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 stratifications.

To provide the required 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 of saturation within the

embankment varies as the ~levation of the pool surface is increased. A

major portion of the structural section of the embankment is composed of

loose material with a relatively high phreatic surface and low shear

strength. ' Therefore, to provide an adequate factor of safety for the embank­

ment, the duwnstream slope must have a relatively flat angle 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 lqw shear strength, the

upstream method of construction may be unsuitable for areas subject to intense

seismic activity.

The sand characteristics from the cyclone underflow are relatively constant

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.
. 71

(J~etl.-~ \ I

~. CHANGES IN WATER LEVEL WITHIN THE Et1BANKMENT

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 ;'n level can /:',2 caused by surface water seeping into' a \'!aste

pile, springs located under the pile and not effectively drained, seepage
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water from settlement ponds constructed on the pile t blockage of drainage

culverts beneath or around the waste pile and changes in the characteristics

of the waste materials placed in the pile.

lIn tiilings 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-

mente

Alteration of the permeability of foundation materials below waste embank­

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

level of the water table.

(XII. WINTER CONDITIONS

\ Freez'ing can affect tail ings embankment design in several v-tays. Spigotting

or cycloning operations may be impracticable 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. Particularly 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 over these slimes may then lead

to instability of the embankment.
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Snow layers incorporated in the embankment, or the freezing of saturated

materials on the downstream face, can also affect its stabi1~ty. 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.

XIII. RUNOFF CONTROL

I

. 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

tailings dam.

The tailings basin effluent system must be designed to have sufficient

capacity to handle the maximum inflow into the basin and maintain a minimum

freeboard on the dam during 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 tailings system. In some

instances, the production flow may onlj 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

tail ings pond.

The minimum desirable freeboard on the dam should be maintained during

PAEUMINAny DRAFT REPORt, SUBJECT TO REVIEW



Page 4'

conditions for peak flood flo\~. 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.

,As an alternative to an emergency spillway, the dam can be redesigned with

excess freeboard to accommodat~ the total flood runoff below the minimum

-a~sirable 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 ~xtra 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 critical 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 abandoning

a ta 11 ings bas in. "

/
I The effects of runoff can include: overtopping and potential failure of a

'tailings dam when sufficient freeboard or decant capacity have not been pro­

vided, surface erosion or waste piles with resulting down stream pollution,

and a decrease in stabil ity of waste pil es and .ta i 1i ngs embankments resu1t­
"\ing from an increase in pore wa~er pressure or erosion from runoff. i

Methods for the design of diversion channels and spillways are described in

readily available hydraulics handbooks. Usually, 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 erosion

with various kinds of lining or with stone paving. The magnitude of

permissible flo\~ velocities for various classes of natural soils and the

P~:EL~l(~l'~~r;~/'&RAFM~I~p(IR,{,)~~;~:;ECT)~iOl ~)E'~ t~W~ in Table 3
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and Fig. 2l ,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. EMBAN~~ENT FREEBOARD AND WAVE PROTECTION

Ci~'addition to the freebo~rd required for the maximum flood flow and maximum

tailings capacity, minimum freeboard should be provided on tailings embank­

ments to prevent overtopping of the embankment by waves. The height of

wave depends 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. )

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

upst~eam 'slopes, riprap will limit 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 given in Table 4

tor 2:1 slopes, the nominal thickness should be increased by 6 in. (15 cm).

With fine-grained embankment material, a layer of filter gravel should be

placed beneath the riprap.

the ~inimum freeboard should be measured from the maximum projected flood

water l~vel to the crest of the embankment. The maximum flood level will

bs a fUNction of the type and capacity of the decant system or spillway
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provided to accommodate the runoff flows.

XV. WATER RECLAIM SYSTEMS

Decant Pipe and TO\'lers--The most common method of reclaiming water from

'a-'tailings pond is througn decant to\'/er and lines. (Fig. 23). These can

. vary from a simple 8-inch pipellne lai,d along the ground from the down"':

stream toe to the clear water area and extended as the dam is raised, to
,

large steel and reinforced-concrete conduits with reinforced-concrete

towers. The former is used for small operations, and the latter is

designed for a SOO-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

·dam to waste or to a holding pond where it is pump~d back to the con­

centrator water storage pond. ~s--+~

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 the larger 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 lines with pumps. This results ih 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 th~ pond empty, or main­

tain a constant pond elevation after the tailings operation has been

abandoned.

The system has the following dtsadvantages:.
1. The pumping head is higher if water is collected at the downstream toe

of the embankment and pumped up t6 the mill.

2. High decant towers are susceptible to wind damage and are also suscep­

tible to damage ·by tailings solids surrounding them. This is especially

true where tailings are dumped into the pond at various places and might

slump 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 less 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 crack or open joints in decant

culverts, leading to piping into and through the culvert. For this

reason monolithic reinforced-concrete culverts are preferred over pre-

cast concrete sections.

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 ope~ate in the cross-valley embankment where the terrain

is steep, the grind is relatively coarse, and the clear water pool is

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
.......... ,.

for large-tonnage operations.

The disadvantages are:.

1. Barge pumps cannot be used in relatively flat terrain with a fine grind

(keeping them out of the mud becomes a problem).

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

3. Freezing is a problem in cold climates. (Low-pressure air bubbling

from submerged pipes can keep the barge free of ite.)

4. Pumps cannot be des igned to handl e the lOO,,:,year f1 ood., so errough

freeboard must be provided for this ~mergency.
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Table 1 Permeability classification of soil s

Degree of permeabil ity Value of k, em/sec

High Over 10-1

Medium 10-1 to 10-3

Low 10-3 to 10-5

Very low 10-5 to 10-7

Practically impermeab,le Less than 10-7
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Table 2 Typical values of effective cohesion and
angle of internal friction for· soils

Soil Effective cohesion
c'

psf kPa

Effective
internal

angle of
friction
degrees

dense

Bentonite shale
Muddy sand
Shale (~ill cemented)

.Sandstone (fill)'
Soft cl ay
Very soft-clay
Stiff clay
Silt (non-plastic)­

medium dense
Silt (non-plastic)-dense
Unifor~ fine to medium

sand-medium dense
. Uni form sand - dense
Well-graded sand-

medium dense
Well-grad~d sand
Sand and gravel

medium dense
. Sand and gravel -dense
Jailings sand - loose

300

400
1000

400
200-370

1500-2000

14.3
19.1
47.9

19.1
9.5-17.7

71. 8-95.7

7
30
34

35- 45
Variable depending
on rate of load
application

28-32

30-34

30-34
30-40

38-46*
36-42*

40-48*
40-55*
30-36

* Higher values occur at low cODfining
angles require confirmation by thorough

pressures. and such high
and extensive testing!
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TABLE 3 - Embankment freeboard and wave protection

APPROXUi...-\TE WAVE HEIGHTS
Fetch, .:ni les Wind ve loc i ty, mi les per hour Wave he igh t, fe et

1.... 50 2.7
1 .... ".................. 75 3.0
2.5................ .••. 50 3.2
2.5.................... 75 3.6
2 .5 •.... ". . . . • . . . . . . . . • 100 3 . 9
5 · .. ·...... 50 3.7
5 ,................ 75 4.3
5........... 100 4.8

10 , ·...... 50 4.5
10......... 75 5.4
10 ·.· 100 6.1

FREEBOARD REQUIRED FOR \-,'AVE ACTIO~~

Fetch miles Normal freeboard feet }1inic~~ freeboard, feet
Less than 1............ 4 ,3
1. . . . . . . . . . . . . . . . . . . . . . 5 4
2.5.. 6 5
5 '. .. .. .. .. . .. .. .. .. 8 6

10 : ···.· .. ·.. 10 7
RIPMP REQUIRED ON 3' 1 SLOPES FOR PROTECTlO~\ AGAINST \-,'·WES

Sand and rock dust less than 5 percent.

Source: U.S. Bureau of Reclamation.

Gradation, percentage of stones of

NO!llipal various ,,"'e i r: h ts (pounds)
Reservoir fe tch, miles thickness, Haximum 25 percent 45 to 75 25 percent

inches size greater percent less
than-- From To than l

--

1 and 1e s s ........................... . 18 1,000 300 10 300 10
2 .. 5 ....................................... 24 1,500 600 30 600 30
5 ....................................... 30 2,500 1,000 50 1,000 50

10............•......... 36 5,000 2,000 100 2,000 100
I
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Jable 4: Embankment freeboard and wave protection

Approximate wave heights

Fetch Wind velocity ~lave height

miles kin m-iles/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 Nonna1 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 16.1 10 3.0 7 2.1
Note: Freeboard should be calculated above maximum

design flood-level in the reservior.

Reservoi r
fetch

miles km

R1pra~ required on 3:1 slopes
for protection against waves

Nominal thickness Gradation, per cent of stone
ft m of various weights (lbs)

maximum 25% greater 45% to 75%
size than from to

25% less
than*

<1 <1. 6 1.5 0.45 1,000 300 10- 300
2.5 4.0 2.0 0.61 1.500 600 30- 600
5 8.0 2.5 0.76 2,500 1.000 50-1,000

.JL_J.L.Q..---l: 0 0.91 5,000 2,000 100-2,000
Note: ·Sand and rock dust 1ess than 5 per cent.
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Fig 1 ~ Typical mine waste disposal system
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Figure 8 TAILINGS EMBANKMENTS ON PERVIOUS FOUNDATIONS
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Figure 9
~AILINGS DAMS CONST~UCTID IR WATII
C':"bo

L4k-e bettoD

Rock fill
- Placed by ~nd

dumping into
\uater~

__---Determine at by stability analymi~ ­

must not be graater than aogl~ of r~pooe

for tailings.
-L--.lo._.;:-......,Filter - Placed by du-mpioS throusb

~S d or il A vater tmLA .U.RmAA

'--- an a J..ogf!l~ ..... ail."" III .. I. .......

(Grain mi~Q decreases with
locr.aging distance from
,dykQ)

Tlidl1nSfil_Dan Cotutructed in \-'1t'ltC!r"

- Up§tr~aa Method

, Lake
' ...... botte•

.......~

taka surface
..,."

Cycloned sand dyke. 1111 placed

above water.
Filter - placed above

vater~

~.r - Ploced by
du.pinl into vatar

~ v' l-Rock Fill -

~Tailing6~ Placed by end

dumping into vater

~~!?~Dam Conetru~ted in Wata~

- Downmtr~ftm Method

(Suitable where large qu.ntitlG~ of roek fill

readily available)

pnELlMINARY DRAFT REPORT, SUBJECT TO REVIEW



1

bnt(i')(<<I'J.I

~tl\Pr~ W>d 014 9'00C'l

ltn ();jJfO«Uot4 9'~

~(4)S0-4l1'4,¥fMi

ln~,e-,

~

seeliG(} ®

StCI'M(9

... H ..

~t;,),~·~
:..-_ ..... __ ~-::_~~~'-0-~

-- -~
~'''-''''''.'
~

.. . ..
L.-L--l_..

Z:;20

2jlBO

~20t
2/190

2/140

~60[
~20

~2/l80

Z 2/140
o
t>
~2,600
lJJ

,.. .... --1 .".
,,~'I'''''I_..
~ .. "_1-'..__ " '

- '-.

l'~,","""'_'-'_""""""'''''''''''''''- _.--J.: ~~--<:::._____ ........!i
~ .... . ..

L......l.-.J
Stc!'i" ® ......

~
N

I

l:Mr

j~L
~ I
~ 2~~
... 2ol.i

FIGURE 10 . Starter dam construction-detoi I.

t'

y' ,.

• I
• ~. s
;.

Key

lO\t (i)lOUlIIM

loN<Z>Pr~nN loO'4 ~ I11Mf

lillfltQ)Prou,"O ~~

"",~)w."'9'Q'"

z.oo<:.!e"",.

OtlO"C9

I~
r~I,-",-_---";::0<:::~::"''''''''=''~:::.;;:~=--(:::,,---7-7 .(
r~ -------o.----.L--7 ----- -' ~ -

--... ~" ,,2 I

.... .z..( 4 -.:
~ ~i -eq-

• •
~_l -...J.........If_. etlell'

~loil-_.....-
40 0 40
I I I I'-....
~

~.:.-J ......-J' /. DelQ.! ®
'() ~.Ifl1~ • _ ••

PRELlMlNARY DRAFT REPORT, SUBJECT "(0 REVIEW

.1..
1



__ SlimeS--.....-

Starter dam

r--,
I \

,..- ---( \- Future
'\\
I \

r---~ \
/ \ \

e --.;.. Underflow' , \
\ \

. \ \ \
\ \ \

. \ \ \
e'Q ob~a

, 9 0

Blanket or strip drains

Impervious base

FIGURE 12· Downstream method showing both dams.

PRELIMINARY DRAFT REPORT,"SUBJECT TO. REVIEW



Equipotential line

r-+-~_ Phreatic surface (upper flow line)

Flow line
Note: Seepage emerging on down­

stream face of embankment causes
sloughing and may lead to piping
and internal erosion _

HOMOGENEOUS SECTION

HOMOGENEOUS SECTION WITH TOE DRAIN

Phreatic surface

HOMOGENEOUS SECTION WITH BLANKET TOE DRAIN

FLOW NET FOR RAPID DRAWDOWN CONDITION

Fig 13 - Flow nets for embankments on impervious foundations

l:>nCI nt1It--1 f\ DV nD1\ t::T QI='P()RT. ~IIR.IF~T TO REVIEW

-1



Pervious foundotion~

FLOW NET FOR TAILINGS EMBANKMENT AND POND
UNDERLAIN BY PERVIOUS FOUNDATION

Impervious CO~Cl~~~=,

Impervious upstreom7
blanket or membrane

PermilJbilityof
embankment «
permiabilit y of

foundation

FLOW NET FOR SEEPAGE THROUGH Pt:lWIOUS FOUNDATION
IMPERVIOUS-UPSTREAM BLANKET OR MEMBRANE USEO

TO INCREASE LENGTH OF SEEPAGE PATH----_.

APPROXIMATE flOW NET FOR
SEEPAGE THROUGH IMPERVIOUS CORE

PRELIMINARY DRAFT REPORT~ SUBJECT TO REVIEW



r- . III to ,:~ ' flO '. .... ~.. .~... D ~ o· .. Q.. .... i ... to • "," ,:,.... .. III -0--" to ,," 'I" .. ,g. ""'1' ,n.0· til • • • ~ (I II .. q, .." <1" '" III .. .. .. .. .. '" -0 4) ... '.1" .. ~ Q ~.. • ~ ".. .."

".-.0°00 "'QO a .'" ••o",a,._ ••••••"' 4 •••• ~!••• o::.(7O)o:o: t:I,,:c. o•o••••
.. ••• 9 •• ,,-'P. "'. ':0 ~ ••••• .,."'.0.(;l. 000·.·'" 411 00" OO(l....... 0 0 0 .

.. .. '-"" Oq 00 .. ~~Q<'"t.I ••• ,,"."'~ o.o 6..... '" Q 0<II ") Q .tI t'lo a" : g<J : .: : It III .. -0 .. (0 (..0 .. -:. .. " :.. 0A "• ..0.": ".0Q ., c.. I) e 0Q... of a. • .. CJ"fit·· 3"" 0 Q '" (1) .. tl (> "S· d d" I'" .. • 0"" 0 ~ • ...... .. 0 \) 11.0 111 ..." 0 ,
.... .. .. 0.... .. " co...... <) ,,'" "'.. .." 0 0 anan (l rave ' .. • Q" 0 .. '" ~ t" q Qol,]o 9

Q
~ .. ~ 4 0 ... "' .. " 'to'

........ <).0 J Ct p._ .. O l) 00.... • . '='.. .." .. _.''' •• It°,, •• - Q'Oe 11>" .. tJ~O -o~, .•.:.0........: ".0: ·0:: :: ::".,°
0
•• Q "":.. " ... 0 •• 011 .. <0 ;'fS ... ~ • .," .0", 0°0.•••".: Ct...... (I.". : 0'0·" • t)" ... : 0 of) Q : Q "'0Q : _: 1) It (I. 0 Q"

•• " .,.... g • *' ~ .. eo 0 • "... • .. () • .. 6 (l <)., (10 (),.' • c. a" • .. • 0 oj ~ 0" 0 (I.. "0 _ Q, ' .. '" Cl 0".0)•
• ~ -Ill. -C". O".~· ",-.",,,- .• .,Qo (.0..... Q' n".o·:": 0 qQ~ o;.. O~..,c.'1.'Jtlo •• Q .c", ,

_'IP"M" 5' "....

Perforations bottom
quarter only

FIGURE 14. - Pipe drain.

Deeon I line 10 tower

Drains J

Drains7

!50
1
±

Seep rings

Water collection
pon~

~---- 5001 to 600'------------""

FIGURE 1S. • Pipe drain layout.



llpsfrElam <<lI----------lI>ll>-downslream

. Pond

-

., .... . .
-" ' -~ , ".

Tailings header

Embankment

,~ . , .... . . ~. '.

Fig 16 - Typical cycloning arrangement

.---~ .. -. --.- .......-~.- -. _.,., .... , .... - .... _-.__._--- ~ ..--.-.-._----_ ..•. _, .... _--._ ..._-_ ..... '. ---, -.'-. -_.. -_ ..- ....-_.. ----~~ ..._.-..._-_.._,.-

PRELIMINARY DRAFT REPORT, SUBJECT TO REVIEW



,<

1I 1

IL,
I

I

.. '

t·..,~" .
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FIGURE 17. - Downstream method with cyclones. (Courtesy, WhiLe Pine Copper, MicMgan.)



FIGURE 19 ~ • Spigoting around periphery of dike-upstream method~



FIGURE 20~ _ Upstream method with cyclones~ (Courtesy, Magma Copper, Arizona.)
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FIGURE 24. ~ Borge pump and line-steep terrain.
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FIGURE 25 • • Barge pump and decant tower In the same pond.
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