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ABSTRACT

This document presents the findings of an extensive study of
the ore mining and dressing industry, for the "purpose of
developing effluent 1limitations guidelines for existing
point sources and standards of performance and pretreatment
standards for new sources, to implement Sections 304, 306
and 307 of the Federal Water Pollution CcControl Act, as
amended (33 U.S.C. 1551, 1314, and 1316, 86 Stat. 816 et.
seq.) (the "act")..

Effluent limitations guidelines contained herein set for+th
the degree of effluent reduction attainable through the
application of the best practicable contrcl technology
currently available (BPCTCA) and +the degree of effluent
reduction attainable through the apglication of the best
available technology economically achievable (BATEA) which
must be achieved by existing point sources by July 1, 1977,
and July 1, 1983, . respectively. The standards of
performance and pretreatment standards for new sources
contained herein set forth the degree 0f effluent reduction
which is achievable through the application of the best
available demonstrated control technology, processes,
operating methods, or other alternatives.

Based upon. the application of the best rpracticable control
technology currently available, 13 of the 41 subcategories
for which separate limitations are suggested can be operated
with no discharge of process wastewater. With the best
available technology economically achievable, 21 of the 4l
subcategories for which separate 1limitations are proposed
can be operated with no discharge of rrocess wastewater to
navigable waters. No discharge of rrocess wastewater
pollutants 1is also achievable as a new source performance
standard for 21 of the 41 subcategories. '

Supporting data and rationale for development of the

proposed effluent 1limitation guidelines and standards cf
performance are contained in this report (Volumes I and II).
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SECTION VII

CONTROL ANLC TREATMENT TECHNOLOGY

INTRODUCTION

Waterborne wastes from the mining of metal-ore minerals
consist primarily of suspended solids and metals . in
solution. The mineralogy of the ore and associated
overburden and the chemical character of percolating mine
waters influence the metal content of mine wastewater, while
solids suspended in the wastewater are influenced by the
methods of mining as well as the physical nature and general
geologic characteristics of the ore.

The wastewater from ore milling and beneficiation operations
is characterized by high suspended-sclid loads, heévy metals
in solution, dissolved solids, and process reagents added
during the concentration process. Impoundment and settling
pond facilities with lime additicn for pH contreol or to
obtain improved settling characteristics primarily for
suspended solids removal, are 1in widespread wuse in the
treatment of mill effluents. This treatment technology is
effective in removal of other wastewater components as well.
Space requirements and location cften affect the utilization
of this widespread treatment technology and dictate the
economics of the operations. Other treatment technologies
for removal of dissolved components are, for the most part,
well-known but are not in widespread use throughout the
industry.

The control and treatment of the waterborne wastes found in
the mining and beneficiation o¢of metal-ore minerals are
influenced by several factors:

(1) Large volumes of mine "water and wastewater from
ore-concentrating operations to be controlled and
treated.

{2) Seasonal, as well as daily, variations in the
amount and c¢hemical characteristics of mine water
influenced by precipitation, runoff, and
underground-water contributions.
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(3} Differences in wastewater composition and
treatability caused by ore mineralogy and
processing technigues and reagents.

{4) Geographic location and climatic conditions.
(Treatment and control technclogy selection and
economics are influenced by the amount of water to
be handled.)

CONTROL PRACTICES AND TECHNOLOGY

Contrcl +technelogy, as discussed in this report, includes
techniques and practices which may be employed before,
during, and after the actual mining or milling operation to
reduce or eliminate adverse environmental effects resulting
from the discharge of mine or mill wastewater. Effective
pollution-control planning can reduce .pollutant
contributions from active mining and milling sites and can
also minimize post-operational pcllution potential. Because
pollution potential may not cease with closure of a mine or
mill, control m=asures also refer to methods practiced after
an operation has terminated production of ore or
concentrated product., The presence of pits, storage areas
for spoil (non-ore material, or waste), ¢tailing ponds,
disturbed areas, and other results or effects of mining or
milling operations necessitates integrated plans for
reclamation, stabjilization, and c¢ontrol to return the
affected areas to a condition at least fully capable of
supporting the uses which it was capable of supporting prior
to any mining and to achieve a stability not posing ‘any
threat of water diminution, or pollution and to minimize
potential hazards associated with closed operations.

Mining Techniques

Mining techniques <can effectively reduce amounts of
pollutants coming from a mine area by containment within the
mine area or by reducing their formation. These techniques
can be combined with careful reclamation planning and
implementation to provide maximum at-source pollution
control.

Pollutioncontrol technology in underground mining is
largely restricted to at-source methods of reducing water
influx into mine workings and segregation of mine water from
working areas. Infiltration from strata surrounding the
workings is the primary source of water, and this water
reacts with air and sulfide minerals within the mines to
create acid, pH conditions and, thus, to increase the
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potential for solubilization of metals. Underground mines
are, therefore, faced with problems of water handling and
mine-drainage treatment. Open-pit mines, on the other handg,
receive both direct rainfall and runoff contributions, as
well as infiltrated water from intercepted strata.

Infiltration in underground mines generally results from
rainfall recharge of a ground-water reservoir. Rock
fracture zones, Jjoints, and faults have a strong influence
on ground-water flow patterns since they can collect and
convey large volumes of water. These zones and faults can
intersect any portion of an underground mine and permit easy
access of ground water. In some mines, infiltration c¢an
result in huge ‘volumes of water that must be handled and
treated. Pumping c¢an be a major part of +the mining
operation in terms of equipment and exrense--particularly,
in mines which do not discharge by gravity.

Water-infiltration control techniques, designed to reduce
the amount of water entering the workings, are extremely
important in underground mines lccated 1in or adjacent to
water-bearing strata. These technigques are often employed -
in such mines to decrease the volume <¢f water requiring
handling and treatment, ¢to make the mine workable, and to
control energy costs associated with dewatering. The
techniques include pressure grouting of fissures which are
entry points for water into the mine. New polymer-based
grouting materials have been develcped which should improve
the effectiveness of such grouting fprocedures. In severe
cases, pilot holes can be drilled ahead of actual mining
areas to determine if excessive water is 1likely to ke
encountered. When water is encountered, a small pilot hole
can be easily filled by pressure grouting, and mining
activity may be directed toward ncn-water-contributing areas
in the formation. The feasibility of such control is a
function of the structure of the ore body, the type of
surrounding rock, and the characteristics of ground water in
the area.

Decreased water volume, however, does not necessarily mean
that wastewater pollutant loading will alsoc -decrease. In
underground mines, oxygen, in the presence cof humidity,
interacts with minerals on the mine walls and floor to
permit pollutant formation e.g., acid mine water, while
water flowing through the mine transports pocllutants to the
outside. If the volume of this water is decreased but the
velume of pollutants remains unchanged, the resultant
smaller discharge will contain increased pollutant
concentrations, but approximately the same pollutant load.
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Rapid pumpout of the mine can, however, reduce the contact
time and significantly reduce the formation of pollutants.

Reduction of mine discharge volume .can reduce water handling
costs. In cases of acid mine drainage, for example, .the
same amounts of neutralizing agents will be required because
pollutant 1loads will remain unchanged, The volume of mine
water to be treated, however, will be reduced significantly,
together with the  size of +the necessary treatment and

settling facilities. This cost reduction, along with cost
savings which can be attributed to decreased pumping volumes
(hence, smaller pumps, lower energy regquirements, and

srpallier treatment facilities), makes use . of water
infiltration-control techniques highly desirable. -

Water entering underground mines may pass vertically through
the mine rocf from rock formation above. These rock units
may have well-developed joint systems (fractures along which
no movement occurs), which tend to facilitate vertical flow.:
Roof collapses can alsc cause widespread fracturing in over-
lying rocks, as well as joint separation far above the mine
roof. Opened Jjoints. may channel flow from = overlying
-aquifers (water-ktearing rocks) a flooded mine above, or
even from the surface.

Fracturing of overlying strata is reduced by. .employing any
or all of several methods: (1) Increasing pillar size; (2)
Increasing support of the roof; (3) Limiting the number of
mine entries and reducing mine entry widths: (4) Backfilling
- of the mined areas with waste material.

Surface mines are often responsible for collecting and
conveying large quantities of surface water to adjacent or
underlying underground mines. Ungraded surface mines often
collect water in open pits when no surface .- discharge point.
is available. That water may subsequently enter the ground-
water system and then percolate into an undergrcund mine.

The influx of water to underground mines from either active
or abandoned surface mines can Le significantly reduced
through implementation of a well-designed reclamation plan.

The only actual underground mining technigue developed
specifically  for pollution control is preplanned flooding.
This technigue is primarily one of mine design, .in which a
mine 1is planned from its incepticn  for  post-operation
flooding or zero discharge. ' In drift mines and snallow
slope or shaft mines, this is generally achieved by working
the mine with the dip of the rockx (inclination:of the rock
to the horizontal) and pumping out the water which collects
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in the shafts. Upon completion ¢of mining activities, the.
mine is allowed to flood naturally, eliminating the
possibility of acid formation caused by the contact between
sulfide minerals and oxygen. Discharges, if any, from. a
flooded mine should contain a much lower pollutant
concentration. A flooded mine may also ke sealed.

Surface-wWater Control

Ssurface water control 1is an integral part ¢of any mining
operation, either surface or underground. Surface water
interfers with operations in working areas and this must be
diverted from the site or removal by c¢ther means will be
necessary resulting in some cost. Surface water control to
benefit the mining operation will also result in pollution
contrcl by preventing runcoff from coming into contact with
disturbed areas.

Prior planning for waste disposal is also required to
control pollution from runoff. Pisposal sites should be
isolated from surface flows and impoundments to prevent or
"minimize pollution potential. In addition, several
techniques are practiced to prevent water pollution:

{1) Construction of a clay or other ¢type of liner
beneath the planned waste disposal area to prevent
infiltration of surface water (precipitation) or
water contained in the waste into the ground-water
system.

(2) Compactiocn of waste material to reduce
infiltration.

(3) Maintenance of uniformly sized refuse to enhance
good compaction (which may require additional
crushing).

{(4) Construction of a clay liner over the material to
minimize infiltration. This is usually succeeded
by placement of topsoil and seeding to establish a
vegetative cover for erosion protection and runoff
control. ‘

(5) Excavation of diversion ditches surrounding the
refuse disposal site to exclude surface runofI Irom
the area. These ditches can also bLbe used to
collect seepage from refuse piles, with subsequent
treatment, if necessary.
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Surface runoff in <the. immediate area of beneficiation
facilities presents another potential pollution problem.
Runoff from haul roads, areas near conveyors, and ore
storage piles is a potential source of pecllutant loading to
nearby surface waters. Several current industry practices
to control this pollution are: :

(1) Construction of ditches surrounding storage areas
to divert surface runoff and collect seepage that
does occur.

(2) Establishment ¢f a vegetative cover of grasses in
areas of potential sheet wash and erossion to
stabilize the material, t¢ c¢ontrol erosion and
sedimentation, and to improve the aesthetic aspects
of the area.

(3) Installation o©of hard surfaces on haul roads,
beneath conveyors, etc., with proper slopes to
direct drainage to a sump. Collected waters may be
pumped to an existing treatment facility for
treatment.

Another potential problem associated with construction of
tailing-pond treatment systems 1is the use of existing
valleys and natural drainage areas for impoundment of mine
water or mill process wastewater. The capacity of these
impoundment systems frequently is not large enough to
prevent high discharge flow rates--rparticularly, during . the
late winter and early spring months. The use of ditches,
flumes, pipes, trench drains, and dikes will assist 1in
preventing runoff caused by snowmelt, rainfall, or streams
from entering impoundments. Very often, this runcff flow is
the only factor preventing attainment of =zero discharge.
Diversion  of natural runoff fror impoundment treatment
systems, or construction of these facilities in 1locations
which do not obstruct natural drainage, is therefore,
desirable.

Ditches may be constructed upslope from the impoundment to
prevent water from entering it. These ditches also convey
water away and reduce the total volume of water which must
be treated. This may result in decreased treatment costs,
which could offset the costs of diversion.

Segregation or Combination of Mine and Mill Wastewater

A widely adopted control practice in the ore mining and
dressing indus%ry 1is the use of mine water as a source of
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process water. In many areas, this is a highly desirable
practice, because it serves as a water-conservation measure.
Wwaste constituents may thus be concentrated into one waste
stream for treatment. In other cases, however, this
practice results in the necessity for discharge from a mill-
water impoundment sSystem because, even with recycle of part
of the process water, a net positive water balance results.

At several sites visited as part of this study, dJdegradation
of the mine watexr quality is caused by combining the waste-
water streams for treatment at one location. A negative
effect results because water with 1low pollutant loading
serves to dilute water of higher pollutant loading. This
cften results in decreased water-treatment efficiency
because concentrated waste streams can often be treated more
effectively than dilute waste streams. The mine water in
these cases may be treated by relatively simple methods;
while the volume of wastewater treated in the mill
impoundment system will be reduced, this water will ke
treated with increased efficiency.

There are also locations where the use of mine water as
process water has resulted in an imgrovement in the ultimate
effluent. Choice of <the options to segregate Or combine
wastewater treatment for mines and mills must be made on an
‘individual basis, taking into account the character of the
wastewater to be treated (at both the mine and +the mill},
the water balance in the mines/mill system, local climate,
and topography. The ability of a particular operation to
meet zero or reduced effluent levels may. be dependent upon
this decision at each location.

Reqrading

Surface mining may often require removal of large amounts of
overburden to expose the ores to ke exrloited. Regrading
involves mass movement Of material following ore extraction
to achieve a more Qdesirable land configuration. Reasons for
regrading strip mined land are:

(1) aesthetic improvement of land surface
{2) returning usefulness to land
(3) providing a suitable base for revegetation
(4) burying pollution-forming materials,
e.g., heavy metals
(5) reducing erosion and subsequent sedimentation
{6) eliminating landsliding
(7) encouraging natural drainage
(8) eliminating ponding
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{9} eliminating hazards such as high cliffs
and deep pits
(10} controlling water pollution

Contour regrading is currently the required reclamation
technique for many of thke nations's active contour and area
surface mines. This technigue involves regrading a mine to
approximate original 1land contour. It is generally one of
the most favored and aesthetically pleasing regrading tech-
niques because the land is returned to its approximate pre-
mined state. This technique is alsc favored because nearly
all spoil is placed back in the pit, eliminating
oversteepened downslope spoil banks and reducing the size of
erodable reclaimed area. Contour regrading facilitates deep
burial of pollution-forming materials and minimizes contact
time between regraded spoil and surface runoff, thereby
reducing erosion and pollution formation.

However, there are also several disadvantages +to contour
regrading that must be considered. In area and contour
stripping, there may be other forms of reclamation that
provide land configurations and slopes Lbetter suited to the
intended uses of the land. This can be particularly true
with steepslope contour strips, where large, high walls and
steep final spoil slopes limit apgplication of contour
regrading. Mining is, therefore, frequently prohibited in
such areas, although there may be other regrading techniques
that could be effectively utilized. In addition, where
extremely thick ore Ltodies are mined beneath shallow
overburden, there may not be sufficient spoil material
remaining to return the land to the criginal contour.

There are several other reclamation techniques of varying
effectiveness which have been utilized in both active and
abandoned mines. These techniques include terrace, swale,
swallow-tail, and Georgia V-ditch, several of which are
quite similar in nature. In employing these techniques, the
upper high-wall portion is frequently 1left exposed or
backfilled at a steep angle, with <the spoil outslope
remaining somewhat steeper than the original contour. 1In
all cases, a terrace of some form remains where the original
bench was located, and there are ¢frovisions for rapidly
channeling runcff from the spoil area. Such terraces may
permit more effective utilization of surface-mined 1land in
many cases. -
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Disposal of excess spoil material is frequently a problem
where contour backfilling is not [gracticed. However, the
same problem can also occur, although less commonly, where |
contour regrading is in use. Some types of overburden rock-
particularly, tightly packed sandstones~-substantially
expand in volume when they are blasted and moved. 2As a
‘result, there may be a large volume of spoil material that
cannot be returned to the pit area, even when contour
backfilling is employed. To solve this problem, head-of-
“hollow fill has been used for overburden storage. The extra
overburden is placed in narrow, steep-sided hollows in
compacted layers 1.2 to 2.4 meters (4 to 8 feet) thick and
graded to control surface drainage. ‘

"In this regrading and spoil storage technique, natural
ground is cleared of woody vegetation, and rock drains are
constructed where natural drains exist, except in areas
" where inundation has occurred. This permits ground water
and natural percolation to leave £fill areas without
saturating the fill, thereby reducing rpotential landslide
~and erosion problems. Normally, +the face of the £fill is
terrace graded to minimize erosion o©of the steep outslope
area. ‘

This technigque of fill or spoil material deposition has been
limited ¢to relatively narrow, steep-sided ravines that can
be adequately filled and graded. ' Design considerations
include +the total number of acres in the watershed above a
proposed head-of-hollow fill, as well as the drainage, slope
" stability, and prospective land use. Revegetation usually
‘proceeds as soon as erosion and siltation protection have
beén completed, This technique is avoided in areas where
under-drainage materials c¢ontain high .concentrations of
pocllutants, since the resultant drainage would require
treatment to meet pollution-control requirements.

‘Erosion Control

‘Although -'regrading is - the most essential part of surface-
-mine Treclamation, it cannot be considered a  total
-reclamation technigue. There are many other facets of
;surface~-mine reclamation that are equally important in
-achieving "~ successful reclamation. The effectivenesses of
‘regrading and other control techniques are interdependent.
. Failure - of any phase could severly reduce the effectiveness
of an entire reclamation project.

The most important auxiliary reclamation procedures employed
at regraded surface mines or refuse areas are water
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diversion and erosion and runoff control. Water diversion
involves collection of water before it enters a mine area
and conveyance of that water around the mine site, as
discussed previously. This procedure decreases erosion and
pollution formation. Ditches are usually excavated upslope
from a mine site to collect and convey water. Flumes and
pipes are wused +to carry water down steep slopes Or across
regraded areas. Riprap and dumped rock are sometimes used
to reduce water velocity in the conveyance system.

Diversion and conveyance systems are designed to accommodate
predicted water volumes and velocities. TIf the capacity of
a di+tch is exceeded, water erodes the sides and renders the
ditch ineffective.

Water diversion is also employed as an actual part of the
mining procedure. Drainways at the bases of high walls
intercept and divert discharging ground water prior to its
contact with pellution-forming materials. In some
instances, ground water above the mine site is pumped out
before it enters +the mine area, where it would become
polluted and require treatment. Soil erosion is
significantly reduced on regraded areas ky controlling the
course of surface-water runoff, using interception channels
constructed on the regraded surface.

There are a large number of techniques in use for
centrolling runoff, with highly variable costs and degrees
of effectiveness. Mulching is sometimes used as a temporary
measure which protects the runoff surface from raindrop
impacts and reduces the velocity of surface runoff.

Velocity reduction 1is a critical facet of runoff control.
This is accomplished through slope reduction by terracing or
grading; revegetation; or use of flow impediments such as
dikes, contour plowing, and dumped - rock. Surface
stabilizers have been utilized on the surface to temporarily
reduce erodability of the material itself, but expense has
restricted use of such materials in the past. »

Revegetation

‘Establishment of good vegetative <cover on a mine area is
' probably the most effective method of controlling runoff and
erosion. A critical factor in mine revegetation 1is the
quality of +the soil or spoil material on the surface of a
regraded mine. There are several methods by which the
nature of this material has been controlled. Topsoil
segregation during stripping is mandatcry in many states.
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This permits +opsoil to be replaced on a regraded surface
prior to revegetation. However, in many forested, steep-
sloped areas, there 1is 'little or no topsoil on the
undisturbed land surface. In such areas, overburden
material 1is segregated in a manner that will allow the most
toxic materials to be placed at the base of the regraded
mine, and the bLkest spoil material is placed on the mine
surface.

Vegetative cover provides effective erosion control; c¢ontri-
butes significantly to chemical polluticn control; results
in aesthetic improvement ; and can return land to
agricultural, recreational, or silvicultural usefulness. A
dense ground cover stabilizes the surface {with its root
system) , reduces velocity of surface runoff, helps build
humus on the surface, and can virtually eliminate erosion.
A soil profile begins to form, followed ky a complete soil
ecosystem. This soil profile acts as an oxygen barrier,
reducing the amount of oxygen reaching underlying materials.
This, in turn, reduces oxidation, which 1is a major
contributing factor to pollutant formation.

The soil profile also tends to act as a sponge that retains
water near the surface, as opposed to the original 1loose
spoil (which allowed rapid infiltration}. This water
evaporates from the mine surface, cooling it and enhancing
vegetative growth. Evapocrated water also bypasses toxic
materials underlying the soil, decreasing pollution
production. The vegetation itself also wutilizes large
gquantities of water in its life processes and transpires it
back to the atmosphere, again reducing the amount of water
reaching underlying materials.

Establishment of an adegquate vegetative cover at a mine site
is dependent on a number of related factors. The regraded
surface of 6 many spoils cannot sSupport a good vegetative
cover without supplemental treatment. The surface texture
is often too irregular, requiring the use of raking to
remove as much rock as possikle and to decrease the average
grain size of the remaining material. Materials toxic to
plant life, usually buried during regrading, generally do
not appear on or near the final graded surface. TIf the
surface is compacted, it is usually 1locosened by discing,
nplowing, or roto-tilling prior to seeding in order to
enhance plant growth. '

Soil supplements are often regquired to establish a good

vegetative cover on surface-mined lands and refuse piles,
which are generally deficient in nutrients. Mine spoils are

419



often acidic, and lime must be added to adjust the pH to the
tolerance range of the species tc be rplanted. It may be
necessary to apply additional neutralizing material to
revegetated areas for some time to offset continued
pollutant generation. ' :

Several potentially effective socil suprlements are currently
undergoing research and experimentation. Flyash is a waste
product o©of coal-fired boilers and resembles soil with
respect to certain physical and chemical properties. Flyash
is often alkaline, contains some plant nutrients, and
possesses moistureretaining and soil-conditioning
capabilities. Its maip function is that of an alkalinity
source and a soilil conditioner, although it must wusually be
augmented with - lime and fertilizers. However, flyash can
vary drastically in quality--particularly, with respect +to
pE--and may contain leachable materials capable of producing
water pollution. Future research, demonstration, and
monitoring of flyash supplements will probably develop the
potential use of such materlals.

Limestone screenings are also an effective long-term neutra-
lizing agent for acidic spoils. Such spoils generally .
continue to produce acidity as oxidation continues. Use of -
lime for .direct planting upon these surfaces is effective,
but it provides only short-term alkalinity. The lime 1is
usually consumed after several years, and the spoil may
return to its acidic condition. Limestone screenings are .of
larger particle size and should continue to produce
alkalinity on a decreasing scale for many years, after which
a vegetative cover should be well-established. Use of large
gquantities of limestone should also add alkalinity to
receiving streams. These screenings are often cheaper +than
lime, providing larger quantities of alkalinity for the 'same
Cost. Such applications of limestone are currently being
demonstrated in several areas. .

Use of digested sewage sludge as a scil supplement also has
good possibilities for replacing  fertilizer and
simultaneously alleviating the problem of sludge disposal.
Sewage sludge 1is currently being utilized for revegetation
in strip-mined areas of Ohic. Besides supply;ng various
nutrients, sewage sludge can reduce acidity or alkalinity
and effectively increase scil absorption and moisture-
retention capabilities. Digested sewage sludge can be
applied in liquid or dry form and must be incorporated into
the spoil surface. Liquid sludge applications require large
-holding ponds or tank trucks, from which sludge is pumped
and sprayed over the ground, allowed to dry, and disced into
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the underlying material. Dry sludge arplication requires
dryspreading machinery and must be followed by discing.

Limestone, digested sewage sludge, and flyash are all
limited by their availabilities and chemical c¢ompositions.
Unlike commercial fertilizers, the chemical compositions of
these materials may vary greatly, derending on how and where
they are produced. Therefore, a nearby supply of <¢hese
supplements may be wuseless if it does not contain the
nutrients or pH adjusters that are deficient in the area of
intended application. Flyash, digested sewage sludge, and
limestone screenings are all waste rroducts of other
processes and are, therefore, usually inexpensive. The
major expense related to utilization of any of these wastes
is the cost of transporting and applying the material to the
mine area. Application may ke gquite costly and must be

uniform to effect complete and even revegetation.

when such large amounts of certain chemical nutrients are
utilized, it may also be necessary to institute controls to
prevent chemical pollution of adjacent waterways. Nutrient
controls may consist of preselection of vegetation to absorb
certain chemicals, or of construction of berms and retention
basins in which runoff can be collected and sampled, after
which it can be discharged or pumged back to the spoil. The
specific soil supplements and application rates employed are
selected to provide the best possible conditions for the
vegetative,K species that are to be planted.

" Careful consideration should be given to species selection
in surface-mine reclamation. Species are selected according
to some land-use plan, based upon the degree - of gollution
control to be achieved and the site environment. A dense
ground cover of grasses and legumes is generally planted, in
© addition to tree seedlings, to raridly check erosion and
siltation. Trees are frequently planted in areas of poor
slope stability to help control landsliding. Intended
" future use of +the land is an important consideration with
respect to species selection. Reclaimed surface-mined lands
are occasionally returned to high-use categories, such as
"agriculture, if the 1land has potential for growing crops.
However, when toxic 8poils are encountered, agricultural
- potential ‘is greatly reduced, and only a few species will
ATOW. :

'Environmental conditions--particularly, climate~--are

important in species selection. Usually, species are
‘'planted that are native to an ‘area--particularly, species
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that have been successfully established on nearby mine areas
with similar climate and spoil conditions.

Revegetation o©f arid and semi~arid areas involves special
consideration because of @ the extreme difficulty of
establishing vegetation. Lack of rainfall and effects of
surface disturlkance create hostile growth conditions,
Because mining 1in arid regions has only recently been
initiated on a large scale, there is no standard
revegetation technology. Experimentation and demonstration
projects exploring two general revegetation techniques--
moisture retention and jirrigation--are currently being
conducted to solve this problem. ‘

Moisture retention utilizes entrapment, concentration, and
preservation of water within a soil structure to support
vegetaticn. This may be .obtained utilizing snow fences,
mulchés, pits, and other methaods.

Irrigation can be achieved by pumping or by gravity, through
either vpipes o©or ditches. This technique can be extremely
expensive, and acquisition of water rights may present a
major problem. Use of these arid-climate revegetaticn
techniques in conjunction with  careful overburden
segregation and regrading should permit return of arid mined
areas to their natural states.

Exploration, Development, and Pilot-Scale Operations

Exploration activities commonly employ drilling, blasting,
.excavation, tunneling, and other techniques to discover,
locate, or define the extent of an ore body. These
activities vary from small-scale (such as a single drill
hole) to large-scale (such as excavation of an open pit or
outcrop face). Such activities frequently contribute to the
pollutant loading in wastewater emanating from the site.
Since available facilities (such as power sources) and ready
accessibility of special equipment and supplies often are
limited, sophisticated treatment is cften not possikle. ‘In
cases where exploration activity is being carried out, the
scale of such operations is such that primary water-gquality
problems invclve the presence of increased suspended-solid
loads and potentially severe pH changes. Ponds. should be
provided for settling and retention of wastewater, drilling
fluids, or runoff from the site. Simple, accurate field
tests for pH can be made, with subsequent pH adjustment by
addition of lime (or other neutralizing agents).
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Protection of receiving waters will thus be accomplished,
with ' the possible additional benefits of removal of metals
from solution--either in connection with solids removal or
by precipitation from solution.

‘Development operations frequently are large-scale, ¢ompared
t0 exploration activities, because they are intended to
extend already known or currently exploited resources.
Because these operations are associated with facilities and
equipment already in existence, it is necessary to plan
development activities to minimize pollution potential, and
to use existing mine or mill treatment and control methods
and facilities. ' These operations should, therefore, be
subject to 1limitations equivalent to existing operations
with respect to effluent treatment and control.

Pilot-scale opérations often involve small to ‘relatively
large mining and beneficiation facilities even though they
may not be currently operating at full' capacity or are in
the process of development ‘to full-scale. Planning of such
operations should ke undertaken with treatment and control
of wastewater in mind to ensure that effluent limitation
guidelines and standards of performance for the category or
subcategory will be met. Although total loadings from such
operations and facilites are not at the levels expected from
normal operating conditions, the compositions of wastes and
the concentrations of wastewater parameters are likely to be
similar. Therefore, implementation of recommended treatment
and control technologies must be accomglished.

Mine and Mill Closure

Mine Closure {Underground). Unless well-planned and weli-
designed abatement techniques are implemented, an
underground mine <c¢an be a permanent source of water
pecllution. ‘

Responsibility for the prevention of - any adverse
environmental impacts from +the temporary or permanent
closure of a deep mine should rest solely and  permanently
with the mine operator. This constitutes a substantial
burden; therefore, it behcoves the operator to make use of
the best technology available for dealing with pollution
problems agsociated with mine closure., The 'two techniques
s~e%. frequently wutilized in deep-mine pollution abatemenrt
are treatment and mine sealing. Treatment technology is
well defined and is generally capable of producing
acceptable mine effluent quality. If the mine operator
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chooses this course, he is faced with the prospect of costly
permanent treatment of each mine discharge.

Mine sealing is an attractive alternative to the prospects
of perpetual treatment. Mine sealing requires the mine
operator to consider barrier and ceiling-support design from
the perspectives of strength, mine safety, their ability to
withstand high water pressure, and their utility for
retarding qroundwater infiltration. In the case of new
mines, these considerations should be included in the mine
design . to cover the eventual mine closure. In the case of
existing mines, these considerations should be evaluated for
existing mine barriers and ceiling suprorts, an? the Si=:IT=
mine plan should be adjusted to include these considerations
if mine sealing is to be employed at mine closure.

Sealing eliminates the mine discharge and inundates the mine
workings, thereby reducing or terminating the production of
pollutants. However, the possibility of the failure of mine
seals or outcrop barriers increases with time as the sealed
mine workings gradually became inundated by ground water and
the hydraulic head increases. Degending upon the rate of
ground-water influx and the size of the mined area, complete
inundation of a sealed mine may require several decades.
Consequently, the maximum anticipated hydraulic head on the
mine seals may not ke realized for that length of time. In
addition, seepage through, or failure of, the barrier or
mine seal c¢ould occur. at any time. Therefore, the mine
operator should be required to [fermanently maintain the
seals, or to provide treatment in the event of seepage or
failure.

Mine Closure (Surfacej. The objectives of proper
reclamation management of closed surface mines and
associated workings are to (l) restore the affected lands to
a condition at least fully capable of supporting the uses
which they were capable of supporting prior to any mining,
and (2) achieve a stability which does not pose any threat
to public health, safety, ¢or water pollutione. With proper
planning and management during mining activities, it is
often possible to minimize the amount of land disturbed or
excavated at any one time. 1In preparation for the day the
operation may cease, a reclamation schedule for restoration
of existing affected areas, as well as those which will Le
affected, should be specified. The use of a planned
methodology such as this will return the workings to their
premined condition at a faster rate, as well as 90531b1y
reduce the ultimate costs to the operator. ;
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To accomplish the objectives of - the desired reclamation
goals, it is mandatory that the surface-mine operator
reqrade and revegetate the disturbed area during, or upon
completion o©f, mining. = The final  regraded sur face
‘'configuration is dependent upon the ultimate land use of the
specific site, and control practices described in this
report can be incorporated into the regrading plan to
minimize erosion and sedimentation, The operator should
establish a diverse and permanent vegetative cover and a
plant succession at least egqual in extent of cover to the
natural vegetation of the area. To assure compliance with
these 'requirements and permanence of vegetative cover, the
orerator should be held responsiktle for successful revege-
tation and effluent water quality for a period of five full
years after the last year of augmented seeding. 1In areas of
the country where the annual average precipitation is 64 ocm
(26 in.)  or less, the operator's assumption of
responsikility and liability should extend for a period of
“ten full vyears after the last year of augmented seeding,
‘fertilization, irrigation, or effluent treatment (Reference
30). ' ' ‘

Mill" Closure. As with closed mines, a beneficiation faci-
lity's potential contributions to water pollution do not
cease upon shutdown of the facility. Tailing ponds, waste
or refuse piles, haulage areas, workings, dumps, storage
‘areas, - and processing and shipping areas often present
serious problems with respect +to contributions to water
‘pellution. Among the most important are tailing ponds,
waste rpiles, and dump areas. Since no wastewater is
contributed from the processing of ores (the facility being
closed), the ponds will gradually become dewatered by
‘evaporation ‘or by percolation into the subsurface. The
structural integrity of the tailing-pond walls should be
periodically -examined and, if necessary, repairs made.
‘Seeding and vegetation can assist in stabilizing the " walls,
prevent erosion and sedimentation, lessen the probability of
structural failure, and improve the aesthetics of the area.

- Refuse, waste, and tailing piles should be recontoured and
- revegetated to return the topography as near as possible to
“the condition it was in before the activity. Techniques
- employed'in surface-mine regrading and revegetation should
be utilized.  Where mills are located 'adjacent to mine
- werkings, the mines can be refilled with tailings. ' Care
should be taken to minimize disruption of local drainage and
- to 'ensure that erosion and sedimentation will not result.
Studies have indicated that o0  insure success  of
revegatation efforts, mzintenance of such refuse or waste
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piles and tailing-disposal areas should ke performed for at
least five years after the 1last year of regrading and
augmented seeding. In areas of the country where the annual
average precipitation is 64 cm (26 in.) or less,
maintenance should extend for a pericd of ten full years
after the last year o©of augmented seeding, fertilization,
irrigation, or effluent treatment (Reference 30).

TREATMENT TECHNOLOGY

Each of the technigues currently emrloyed in the ore mining
and dressing industry, as well as advanced waste treatment

" technology which might be employed in present or fu+«ure
operations, is discussed in this section. :

The treatment technologies currently practiced in the ore
mining and dressing industry encompass a wide variety of
techniques ranging from <the very simple to the highly
scphisticated. While a 1limited numbexr of basic ‘treatment
practices are standard (settling or tailing ponds, pH
contrcl, etc.) and employed at almost all operations,
individual operations have approached specific pollution
problems in many different ways. : '

Impoundment Systems

This group of systems utilizes treatment technology which is
primarily d&esigned to deal with suspended solids, but which
is frequently used with such cther techniques as pH control,
to accomplish removal of dissolved constituents as well.

Tailing Ponds. This type of treatment is the most common
treatment. technique wused 1in +the ore mining and dressing
industry today. The design of a tailing pond is primarily
for suspended so0lid removal and retention. Such a pond must
be large enough to provide sufficient retention time and
guiescent conditions c¢onducive +to settling. If properly
designed, and if retention time and surface area are
sufficient, a tailing pond may also effect to some degree
the stabilization of oxidizable constituents as well as the
balancing of influent guality and gquantity fluctuations and
the storage of storm water.

Tailing ponds are often situated to capitalize upon natural
terrain factors in order to minimize +the requirements. for
dam construction. The containment dam is often constructed
of available earth and rock materials, as well as tailings.
In other cases, concrete basins may be constructed. Because
of natural terrain conditions, they may be constructed using
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one, two, three, or even four walls. The containment dam
must be raised periodically to accommodate the rising 1level
of contained tailings and water. In most cases, the basin
provides perpetual storage for any materials settled cut of
the water treated. Retention time in ponds has been
reported to vary from as little as four hours to as much as
several months at average flow conditions (for discharging
systems) .

Water leaves a tailing pond by decantation, evaporation,
seepage through the dam or to underlying materials, or by
discharge. Decanted water may be recycled for wuse in the
mill, discharged, or treated further. 1In some operations,
in arid or semi-arid areas, evaporation from the tailing-
pond surface may equal the rate of input, allowing zero-
discharge operation of the pond without recycle of water.

Seepage losses from tailing ponds may £flow into permeable
underlying strata and enter ground water, or may flow
through the containment dam and result in surface flows of
water. Seepage waters are often collected in ditches and
pumped back into the tailing pond. Seepage - may alsc be
limited ky the use of pond 1liners of various materials
(clay, asphalt, plastic, etc.).

Low-cost, relatively simple. construction and the ability to
perform multiple functions simultaneously have led to the
wide acceptance of tailing ponds as a grime treatment and
tailing-disposal method utilized by +the o¢re mining and
dressing industry. There are- a number of problems
associated with the wutilization of tailing gonds as
treatment facilities, however. Improper design of inlet and
discharge 1locations, insufficient size and number, and
insufficient retention time are the most common problems.
Algal growths in tailing ponds are quite common during warm
months, a factor which may influence such effluent water-
quality parameters as TOC, COD, TsSs, and BOD, A minimum
retention time of 30 days and the added capabkility of
retaining runoff associated with a storm likely to occur
once 1in 20 years are recommended by one source (Reference
31).

The relative advantages and disadvantages of a tailing pond
as a treatment system are listed below.
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" method,

Advantages

Performs large number of
treatment processes--parti-
cularly, suspended-solid
removal.

Can achieve high treatment
efficiency and often pro-
duce acceptable effluent
'quallty.

Often, only practical means
of long-term solids
disposal

Large retention has a balan-
cing effect on effluent
quality.

Large surface area aids
oxidation and evaporation.

Can often be constructed
using mining equ1pment
and materials.

Little operating expertise
normally required.

commonly used treatment
familiar to
1ndustry

-Clear supérnatant water may
serve as a reserv01r for
reuse. ‘

Disadvantages

Lacks responsive means of
control; difficult toc optimize
large. number of processes
performed. S

Covers large surface area--may
contribute high net precipita-
tion to overall water kalance;

land availability and topo-
. graghy influence location.

Creates potentially severe
rehabilitation problem if tail-
ings contain sulfide minerals.

Often difficult to isolate from
contrikuting drainage areas--
storm water influences retention.

Subject to climatic variations--
particularly, thérmal skimming
and seasonal variation in bio-
oxidation efficiency.

Often difficult to ensure good
flow distribution.

"Requires careful control of

seepage through dams.

Installation expensive in some
situations, due to high cost of
retaining structures.

Tailing ponds in the ore mining and dressing industry range

from pits to large, engineered structures of 1000
massive retaining dams.
(200

more with
wall heights of 61 meters

acres or
For large tailing dams,
" feet) or more have been

'reached by bu11d1ng up the dams over a period of time.

Rcutinely

in treated effluent range from 10 to 30 mg/1

mills visited or surveyed as
ponds with decant structures

reached levels of suspended-solid concentrations

at mines and
In tailing
levels in

part of this study.
for recycle of water,

excess of 50 mgs/1l of suspended solids were rarely observed.
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Settling Ponds. Settling ponds differ from tailing ponds
primarily in size and in the concentrations of influent
solids treated. In general, relatively low initial solid
loads are removed, necessitating only occasional dredging to
maintain adequate settling volume behind  the dam.
suspended-solid removal to very low levels is often possible
when 1initial concentrations o©f suspended solids are low.
Settling ponds find their greatest usefulness in association
with mines having low wastewater solids loads.

Such ponds may serve a variety of purposes in addition to
removal of suspended solids, including COD reduction and
cooling. As basins for a variety of chemical treatments,
they can provide sufficient retention time for completion of
reactions, for pH control, for chemical precipitation, and
for the removal of solids produced.

~Secondary Settling Ponds. Settling ponds or tailing ponds
are frequently used in a multiple arrangement. The purpose
of this scheme is to further reduce susgended-solid loading
in the sequential ponds and to allow the subseguent use of
precipitation or pH control before discharge or recycle.
The ponds enable further reduction in suspended solids and
in dissolved parameters. An excellent example is the use of
secondary settling ponds (sometimes called polishing ponds)
in the coprecipitation of radium with barium.

Clarifiers and Thickeners

A method of removing large amounts of suspended solids from
wastewater is the use of clarifiers or thickeners, which are
essentially 1large tanks with directing and segregating
systems. The design of these devices provides for
concentration and removal of suspended and settleable solids
in one effluent stream and a clarified 1liquid in the other.
Clarified waters may Lke produced which have extremely low
solids content through proper design and application.

Clarifiers are not generally capable- of handling tailing-
solid 1levels above about 50 percent, due to the necessity
for rake operation and hydraulic transport of suspended
solids from the device. The c¢oncentration from a mine-water
clarifier at one site, for examrle, was observed to be 3
mg/1 suspended solids. -

Clarifiers may range in design from simple units to more
complex systems involving sludge blanket pulsing or sludge
recycle to improve settling and increase the density of the
sludge. Settled sclids from clarifiers are removed
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periodically or continuously for either disposal or recovery
of contained values. Thickeners are used when the main
purpose is to produce a clarified overflow with a
concentrated tailing effluent in the underflow.

Thickeners have a number of distinct advantages over

settling or tailing ponds: : . ‘

{1) Less land space is required. Area-for—area, these
devices  are much more efficient in settling
capacity than ponds.

(2) Influences of rainfall are reduced compared” to
Fonds. If desired, the clarifiers and thicxeners
can be covered.

' {3) sSince the external construction of clarifiers and
thickeners consists of ccncrete or steel (in the
form of tanks), infiltration and rain-water runoff
influences do not exist.

(4) . Thickeners can generally be placed .adjacent to a
mill, making Treclaim water available nearby w1th
minimal pumping requlrements.

The use of clarifiers and thickeners, together with _tailing
or settling ponds, may improve treatment eff1c1ency, reduce
the area needed for tailing ponds; and facilitate the reuse
or recycle of water in the milling operation. The use of
flocculants to enhance the performance of thickeners and
clarifiers is common practice.

Clarifiers and thickeners alsc suffer some distinct
disadvantages compared to ponds: '

(1) They have mechanical rparts and, thus, require
maintenance. ‘

(2) They have ITimited storage capacity for either
clarified water or settled solids.

(3) The internal sweeps and agitators in thlckeners and
clarifiers require more gower and energy for
operation than ponds. ' ‘

Flocculation

This treatment process consists basically of adding reagents
to the treated waste stream to promcte settling of suspended
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solids. The solids may be deposited in tailing ponds (where
high suspended solids are involved) or in settling ponds or -
clarifier tanks (in cases of lower solids loads).

Flocculating agents increase the efficiency of settiing

facilities and are of several general types: ferric
compounds, lime, aluminum sulfate, and cationic or anionic
polyelectrolytes. Causticized wheat and corn starch have

also been used. The ionic¢c types, such as alum, ferrous
sulfate, 1lime, and ferric chloride, function by destroying
the repelling double~layer ionic charges around the
suspended particles and <thereby allowing the particles to
attract each other and agglomerate. Polymeric types
function by forming physical bridges from one particle to
another and thereby agglomerating the particles. Recyclable
magnesium carbonate has also been proposed as a flocculant
in domestic water treatment.

Flocculating agents are added +to the water to be treated
under controlled conditions of concentration, pB, mixing
time, and temperature. They act tc upset the stability of
the c¢olloidal suspension by  charge neutralization and
flocculation of suspended solids, thus increasing the
effective diameter of these solids and increasing their
.subsequent settling rate. ... .. . . . g ou e X o
Flocculating agents are most commonly used after the larger,
more readily settled particles (and loads) .have been removed
‘by a ‘settling  pond, . hydrocyclone, - .other - treatment.
Agglomeration, or flocculatlon, can then be achieved with
less reagent, and with less settling lcad on the polishing
pond or clarifier.

Flocculation agents can be used with minor modifications and
additions to existing treatment systems, but the costs for
the flocculating chemicals are often significant. Ionic
types are used in concentrations of 10 to 100 mg/l in the
wastewater, while the highest-priced polymeric types are
effective in concentrations of 2 to 20 mg/l.

The effectiveness and performance of individual flocculating
systems may vary over a substantial range with respect to
suspended-sclid removal, accessory removal of soluble com-
‘ponents by adsorptive phenomena, and - operating
craracteristics and costs. Specific system performance must
be analyzed and optimized with respect to mixing time,
flocculant addition level, settling {detention) time,
thermal and wind-induced mixing, and other factors.
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Centrifugation

Centrifugation, which may be considered as a form of forced
or assisted settling, may be feasible in specific control
applications. With the volume of gross wastewater flows at
most minesmill complexes, it is probable that centrifugation
may be more applicable €0 component in-process waste
streams. The presence of abrasive components or significant
amcunts of so0lid material smaller than approximately 5
micrometers in diameter in the treated water would tend +to
disqualify centrifugation as a solid-removal option.

Hwvdrocveclones

While hydrocyclones are widely wused in the separation,
classification, and recovery operations involved in mineral
processing, they are used only infrequently for wastewater
treatment. Even the smallest-diameter units available
(stream-velocity and centrifugal-separation forces both
increase as the diameter decreases) are ineffective when
particle size 1is 1less than 25 to 50 micrometers. Larger
particle sizes are .relatively easy to settle by means of
small ponds, thickeners or clarifiers, or other gravity-
principle settling devices. It 1is the smaller suspended
particles that are the most difficult to remove, and it is
these that cannot ke removed by hydrocyclones but may be
handled by ponds or other settling technology. Also, hydro-
cyclones are of doubtful effectiveness when flocculating
agents are used tO increase settling rates. 'This method 1is
generally most effective in the 25- to 200-micrometer size
range for particles.

Filtration

Filtration is accomplished by passing the wastewater stream
through 'solid-retaining screens or cloths or particulate
materials such as sand, gravel, coal, or diatomaceocus earth
using gravity, pressure, or vacuum as the driving force.
Filtration is a versatile method in that it can be used to
remove a wide range of suspended particle sizes.

A variety of filtration techniques, including disc and drum
units, find process applications and may be applicable to
some waste streams--particularly, where segregated waste
streams regquire special treatment.

Likely applicaticons of filtration include pretreatment of

input streams using reverse-osmosis and ion-exchange units
{discussed later). :
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High values contained in suspended solids may, in some
cases, off get the c¢capital and operating expenses of
filtering systems. The use of filtration as a normal unit
process in treating uranium-mill tailings for value recovery
through countercurrent washing is indicative of the possible
use of filtration in tailing treatment. In this instance,
the final washed tail filter  cake is reslurried for
transport to the tailing pond. In situations where
biolegical treatment of component or combined waste streams
is required to reduce BOD, COD, or bacterial loads,
trickling filters may be required, but their application as
primary treatment for the bulk mine or mill effluent is
considered unlikely. ‘

The specific applicability and size specifications for
filter modules must be evaluated on a case-by-case basis,
taking into .account the process stream characteristics,
solids filterability, desired dryness of filter cake, and
other parameters. : :

Dltimate clarification of filtered water will be a function
of particle size, filter-media fporosity, filtration rate,
and other variables. In general, for the majority of mine
or mill wastewaters subjected to +this treatment, post-
treatment suspended-solid levels of less than 20 percent of
influent 1loadings are anticipated. Thus, if used after
primary flocculation and settling, suspended solids levels
of 20 mg/l should ke obtainable. L . T

Neutralization

Adjustment of pH is the simplest and most common chemical
treatment practiced in +the mining and milling industry
today. The addition of either acidic or basic constituents
to a wastewater stream to achieve neutralization generally
influences. the bkehavior of both susgpended and dissolved
components. In most instances of interest in mining ' and
milling activities, wastewater is treated by base addition
to achieve pH conditions in the range of 6 to 9.

Acid waste streams (considerably more common than highly
basic effluents) may be neutralized by addition of a variety
of .basie - reagents, including * 1lime :{calcium oxide}),
limestone, dolomite (CaMg(C03)2), magnesite (MgC03), sodium
nhydroxide, soda ash (sodium carbonate), ammonium hydroxide,
and others to raise the pH of treated waste streams to the
desired level. Lime 1is most often used because it  is
inexpensive and easy to apply. Soda ash and caustic soda
are commonly used to supply alkalinity in leaching and
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hydrometallurgical processes, where the formation of calcium
precipitates would be objectiocnable, but the cost advantages
of using lime generally preclude the use of soda ash and
caustic soda in . large-scale waste treatment.

Ammonia neutralization is most freguently a processing
technigque, where ammonia affords a strong advantage in being
volatile in the final product, allowing the recovery of
nearly pure oxides. 1In waste treatment, its volatility is a
disadvantage. Because of the COD it presents, its toxicity,
and the production of undesirakle nitrites and nitrates as
oxidation products, its use 1is not widespread, although
ammonia neutralization of a wastewater stream is practiced
at one site 1in <+the ferroalldy ore wmining and millinsg
category. -

Excessively basic waste streams are not common but may be
neutralized by addition of an acid--most commonly, sulfuric.
Ssince many heavy metals form insocluble hydroxides in highly
basic soclutions, sedimentation prior to neutralization may
prevent the resolubilization of these materials and may -
simplify subsequent waste-treatment requirements. Carbon
dioxide has also keen used to adjust the pH of effluent
waters to acceptable levels prior to discharge (recarbona-
tion).

Essentially any wastewater stream may be treated to a final
pH within the range of 6 to 9. Generally, the stream will
be sufficiently uniform to allow adequate pH control based
only on the volume of flow and predetermined dosage rates,
with periodic adjustments based on effluent pH. Automated
systems which monitor and continously adjust the
concentration of reagents added to the wastewater are also
currently available.

As discussed previousiy, pH control is often used to control
solubility (also discussed under Chemical Precipitation Pro-
cesses) . Examples of- pH control being used for
precipitating undesired pollutants are:

(1) Fe{+3) + 30H(-) ---> Fe(OH)3

(2) Mn(+2) + 20H(-) ——-> Mn(0H)2

(3) Zn(+2) + OH(~) =---> Zn(OH)2

(4) Pb(+2) + 20H- -—-> Pb(0H) 2

(55 Cu + 20H(-) ---> Cu(0EBE)2
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Reaction (1) is used for removal of iron contaminants.
Reaction (2) is used for removal of manganese from
manganese-containing wastewater. Reactions (3), (4), and
(S) are used on wastewater containing corper, lead, and zinc
salts. The use of 1lime +to attain a pH of 7 will
theoretically reduce heavy metals toc these levels (Reference

32):

Metal Concentraticn (mg/1l at pH 7)
cu(+2) 0.2 to 0.3

Zn{+2) 1.0 to 2.5

Cd(+2) 1.0

Ni(+2) 1.0

Cr(;Z) 0.4

The careful control of pH, therefore, has other ancillary
benefits,’ as illustrated above. The use of pH and
solubility relationships to improve removal of wastewater
contaminants is further developed kelow.

Chemical Precipitation Processes

The removal of materials from solution by the addition of
"chemicals which form insoluble (cr sparingly soluble)
compounds with them is a common practice in
hydrometallurgical ore beneficiation and in waste treatment
in the ore mining and dressing industry. It is especially
useful for the removal ¢of heavy metals from mine effluents
and process wastes. ’

To be successful, direct precipitation depends primarily
upon two factors:

(1) Achievement of a sufficient excess of the added ion
to drive the precipitation reaction to completion.

(2) Removal of the resulting solids from the waste
‘ stream. ‘

I1f the first requirement is not met, only a portion of the
pollutant(s) will be removed from solution, and desired
effluent 1levels may not be achieved. Failure to remove the
precipitates formed prior to discharge is likely to lead to
redissolution, since ionic eguilikria in the receiving
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stream will not, in general, be those created in treatment.
Effective sedimentation or filtration 1is, +thus, a vital
component of a precipitation treatment system and frequently
limits the overall removal efficiency. Sedimentation may be
effected in the  tailing basin itself, in secondary or
auxiliary settling ponds, or in clarifiers. Industry
experience has shown the value of treatment of wastes prior
to .delivery +to the tailing impoundment. Benefits derived

include: improved settling of precipitates due to
interaction with tailings; simplified disposal of sludges;
and, generally, suppressed solubility of materials in

tailing solids.

The —use of precipitation for wastewater treatment varies
from lime treatments (to precipitate sulfates, fluorides,
hydroxides, and carbonates) to sodium sulfide precipitation
of copper, 1lead, and other toxic heavy metals. T he
following equations are examples of precipitation reactions
used for wastewater treatment:

(1) Fe(+3) + Ca(0H)2 ---> cCa(+2) + Fe(OH)3
(2) " Mn(+2) + Ca(0H}2 ---> Ca(+2) + Mn(OH)2
(3) 2Zn(+2) + Na2C03 ---> Na{+) + ZnC03

(4) S04(-2) + Ca(oa)g ==->' Cas04 + 20H(-)
(5) 2F(-) + Ca(0E)2 =---> cérg + 20H(-)

One drawback of the precipitation reactions is that of
varying solubility and unknown interacticns of several metal

compounds, and the possikility of widely divergent formation
and precipitation rates, limit the akility of this treatment
to deal with all waste constituents.

Lime Precipitation. .The use of 1lime to cause chemical
precipitation has gained widespread use ‘in the ©ore mining
and dressing .industry because of its ease of handling,
because of its ‘economy, and because of its effectiveness in
treatment of a great variety of dissolved materials. The
use of other kases is, of course, possible, as previously
~discussed. However, the use of lime as a treatment reagent
is probably the best-known and best-studied method.

A typical 1lime neutralization/precipitatio% system, is
illustrated in Figure VII-l. Generally, water is pumped or
discharged to a holding or settling pond, where  suspended-
solid 1levels are reduced. Either in conjunction with the
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Figure VII-1. LIME NEUTRALIZATION AND PRECIPITATION PROCESS FOR
TREATMENT OF MINE WATER PRIOR TO DISCHARGE

FROM MINE OR MILL

LIME-SLURRY
FEED

HOLDING POND

F R R A - L
/ MIXING BASIN
s

SETTLING PONDS SLUDGE

REQUIRING
DISPOSAL

TO
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SOURCE: Reference 33
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primary pond itself or in a mixing basin or tank, a slurry
of lime .and water is delivered for mixing with the
wastewater stream. Secondary settling ponds are then used:
to collect the usually high volumes of sludges which may be
recovered, These impoundments may be dredged periodically
to remove sludges, or the sides of the basin may be built
up. Discharge of the water then usually takes place.

The treatment conditions, dosages, and final pH must be
optimized for any given waste stream, but, in general,
attainment of a pH of at least 9 1is necessary to ensure
removal of heavy metals. To attain desired 1levels of.
control for many heavy metals, it is necessary to attain a
pH ¢f 10 to 12 in many instances (refer to Figure VII-3).

The levels of concentration attainable in an actual
operating system may vary from the limits predicted on the
basis of purely theoretical considerations, but extremely
low levels of metals discharged have been reached by the use
of this treatment method.  Figure VII-2 illustrates the
theoretical solubilities of several metal ions as a function
of pH. The minimum pH value for complete precipitation .of
metal ions as hydroxides is shown in Figure VII-3, An
example of the performance of lime precipitation at elevated
pH 1s given for Fe, Pb, Zn, Cd, Hg, and F in Figure VII-4.
These data are taken. from a combination zinc plant/lead
smelter, where removal efficiency is plotted against pH.
The curves are not always complete for lack of data; it is
not advisable to extrapolate  them without further
measurements, because chemical changes may occur that
reverse an apparent consistent trend.

Purely theoretical considerations of metal-hydroxide
solukility relationships suggest that the metal levels
tabulated below are attainable (Reference 31).

Final_COncentfation

Metal (microgram per liter) PH

Cu (+2) 1 to 8 ’ 9.5

20 (+2) 10 to 60 10

Pb 1 | 8 |

'Fe (total) 1 | 8 (if totally Ferric)

Many factors, such as the effects of widely differing sclu-
bility products, mixed-metal hydroxide complexing, and metal
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Figure VII-2. THE RELATIONSHIP OF THEORETICAL SOLUBILITIES OF METAL IONS
AS A FUNCTION OF pH
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'SOURCE: Adapted from Reference 34
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Figure VII-3. MINIMUM pH VALUE FOR COMPLETE PRECIPITATION OF METAL IONS AS
HYDROXIDES ‘
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EXTENT OF PRECIPITATION IN WE.IGHT %

Figure V1i-4, HEAVY-METAL PRECIPITATION vs pH FOR TAILING-POND

EFFLUENT pH ADJUSTMENTS BY LIME ADDITION
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chelation, render these levels of only 1limited wvalue when
assessing attainable concentraticns in a treatment system.

Among the metals effectively removed at basic pH are: As,
¢d, Cu, Cr(+3), Fe, M™Mn, Ni, Pb, and 2In. Based upon
published sources, industry data, and analysis of samples,
it appears that the concentrations given in the tabulation
below may be routinely and reliably attained by hydroxide
precipitation in the ferrcalloy-ore wmining and. milling
industry. (Reference 31). '

Metal Concentration Metal Concentration
' (mg/1) : (mg/ 1)
As 0.05 Mn 1.0
cd 0.05 Ni 0.05
Cu Q.03 ‘ Pb 0.10
CCr(+3) 0.05 Zn 0.15
Fe 1.0

Some metallic pollutants of interest in. the uranium-ore
mining and milling industry, together with results produced
by lime precipitation in conjuncticn with a rise in pH from
6.7 to 12.7, are shown below:

Metal .Coﬁcentration {mg/1)
- pB=6.7 ~ pH=12.7

cd 1.3 less than 0.02
Fe G- 6.0 .4 less than 0.1

Ni 0.13 ~less than 0.05
cu ‘ 5.3 | 0.05
Zn 31.25 | 0.11
Mn 26.5 _ 0.04

Data from previous work demonstrate the use of lime
precipitation with settling in tailing pond for the base and
precious metal industry. These data are summarized below.
{Reference 36). : ‘

Metal : Concentration
(mg/1)

Ccu 0.03

Zn 0.15 o ;

PLb ¢ R
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' Fe {(total) 1.0

Other examples of the efficiency of lime precipitation as a
treatment method are discussed by ore category later in this
section. An important point is illustrated in the data pre-
viously presented here, however. BAll metals do not remain
insoluble at elevated pH. Examples of that phenomenon are
the wvariations in solubilities of lead and zinc¢, which are
precipitated at approximately pH 9. Above pH 9, these
metals rapidly resolubilize. (See Reference 37.)

Sulfide Precipitation. The use o0f sulfide 1ion as a
precipitant for removal of heavy metals accomplishes more
complete removal than the use cf  hydroxide for
precipitation. Sulfide precipitation is currently being
used in wastewater treatment to reduce mercury levels to
extremely low 1levels (Reference 38). Highly effective
removal of <¢d, Cu, Co, Fe, Hg, Mn, Ni, Pb, Zn, and other
metals from mine and mill wastes can be accomplished Ly
treatment with either sodium sulfide or hydrogen sulfide.
The use of this method depends somewhat on the availability
of methods for effectively removing precipitated solids from
the waste stream, and on removal of the solids to an
environment where reoxidation is unlikely.

Several steps enter into the process of sulfide
precipitation: :

(1) Preparation of sodium sulfide. Although this
'~ product is often in oversuprly from byproduct
sources, it can also be made by the reduction of
sodium sulfate, a waste rproduct of acid-leach
milling. The process invelves an energy 1loss in
the partial oxidation o©of carbon (such as that

- contained in coal).

Naz2s04 + 4C =---> Naz2s + 8C0 (gas)

(2) Precipitation of the pollutant metal (M) in the
- waste stream by an excess of sodium sulfide:

Na2s + MSO4 ---> MS (precipitate) + Na2s04

(3) Physical -separation of the metal sulfide in
thickeners or clarifiers, with reducing c¢onditions
maintained by excess sulfide ion.

(#) Oxidation of excess sulfide by aeration:
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Na2s + 202 =--> Na2s04

This process . usually involves iron as an
intermediary and is seen to  regenerate unused
sodium sulfate.

On the whole, ‘sulfide precipitaticn removes both heavy
metals and some sulfur from waste streams but regquires some
energy expenditure.

In practice, sulfide precipitation can be applied only when

"the pH is sufficiently high (greater than about 8) to assure
ceneration of sulfide ion rather than bisulfide or hydrosgan
sulfide gas. It 1is then possible to add Jjust enougn
sulfide, in the form of sodium sulfide, to precipitate the
heavy metals present as cations; alternatively, the process
can be continued until dissolved oxygen in the effluent is
reduced to sulfate and anaerobic conditions are obtained.
Under these conditions, some reduction and precipitation of
molybdates, uranates, chromates, and vanadates may occur,
but ion exchange seems more appropriate for the removal of
these anions.

Because of the toxicity of sulfide ion, and of hydrogen
sulfide gas, the wuse of sulfide preciritation may require
both pre-and post-treatment and close. control of reagent
additions. Pretreatment involves raising the pH of the
waste stream to minimize evolution of H2S, which would K pose
a safety hazard to . perscnnel.. If desirable, this may be
accomplished at essentially the same point as the sulfide
treatment, or by addition of a solution containing both
sodium sulfide and a strong base {such as caustic¢ soda).
The sulfides of many. heavy metals, such as copper and
mercury, are sufficiently insoluble to allow essentially
complete removal with extremely low residual sulfide levels.
- Treatment for these metals with close control on sulfide
concentrations could be . accomplished without the need for
additional treatment. Where higher residual sulfide ion
concentrations pertain, adequate aeration should be provmded
to yield an effluent saturated with oxygen. S

Coprecipitation. In coprecipitation, materials which
cannot e removed B from solution effectively by direct
precipitation are removed by incorporating them . into
particles of another ©precipitate, which 1is separated by
settling, filtration, or another technique such as
flotation. -Current practice 1is exemplified by the use of
barium chloride addition for radium control in .the uranium
industry. '
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Radium sulfate (Rasoyd), cne of the least soluble substances,
is soluble to 20 micrograms per liter, while allowable
concentrations in- drinking water are about 6 million times

less. The process of coprecipitation for radium separation
was perfected by M.S. Curie and has been used extensively
in radiochemistry. The carrier for radium is barium,

usually added as barium chloride (BaCl2) in a concentration
of about 10 mgs/l and in the presence of more sulfate ion
than is necessary t¢ precipitate barium sulfate (BasS04).
Almost all RasS04 that is present is coprecipitated, and
removal to a level of about < 1 to 3 picocurie (pCr/1l) or
picogram per 1liter dissolved 1is current practice. The
results of tests on the addition of BaCl2, Bas0O4, and BacCo03
to neutral and acidic effluents are shown in part (a) of
Table VII-l. Radium removals achieved at those uranium
mines and mills employing barium chlcride -addition alone are
tabulated in part (b) of Table VII-1. Radium concentrations
reflected by that table are average values based on company
monitoring data and contractor samgling analyses. It is
important to note that, while barium chloride dosages,
influent radium concentrations, and settling or detention
times are highly wvariable from one operation to the next,
the percentage of radium removal is consistently high.

The importance of coprecipitation in the ferrocalloy industry
has been demonstrated Ly extensive experiments - (References
39 and 40). In that work, molybdenum, which appears in
effluents from many mines and mills as the molybdate (Mo0O4-)
anion (which is not removed effectively by hydroxide or
sulfide precipitation), is removed Dby incorporation into
ferric hydroxide precipitates formed at acid pH (4.5
optimum) by the addition of ferric sulfate or ferric
chloride (at 1levels of about 100 mg/l). Removal of
resulting precipitates by filtraticn and flotation has been
reported to yield effluents containing 0.2 mgs/1l for mill
waters initially containing 4.9 mg/1l of molybdenum
({Reference 41). In a pilot-plant study using ferric sulfate
and flotation recovery of precipitates, removal of more than
95 percent of influent molybdenum, tc levels of 0. 02 to 0.1
mg/l, has been obtained.

Since the process used for molybdenum removal is performed
at acid pH, it 1is necessary to acidify the (typically,
alkaline) mill waste gtream after separation of solids in
tne railing pond to effect the molybdenum removal. A FEase
is then added to neutralize the effluent prior to discharge.
For large waste stream flow, reagent costs may be an
important consideration. Although molybdenum wvalues are
concentrated to about 5 percent in the precipitates removed,

445



TABLE VII-1. USE OF BARIUM SALTS FOR REMOVAL OF
RADIUM FROM WASTEWATER

(a) REMOV AL OF RADIUM BY COPRECIPITATION
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they do not appear to'fepresent a marketable product at this
time.

Vvanadium. is also subject to coprecigitation, with ferric
hydroxide, as ferric metavanadate. The Dbest conditions
observed in 1laboratory studies conducted as part of this
effort involve the addition, to acid or neutral sclutions,
of 2.5 times the stochiometric guantity of ferrous sulfate
needed to form ferric metavanadate, followed by aeration and
lime neutralization to a pH between 6 and 9. Reductions
from up to 200 mgs/l vanadium to less than 5 mg/l have been
observed (Reference 42), which is in good agreement with
limited field observations of s0il neutralization of
vanadium- and iron-bearing waste leaks. The coprecipitation
process may be more economical than ion-exchange methods of
removing vanadium in some instances -- particularly, with
high concentrations of other solutes and 1low vanadium
concentration. The reaction can be exrpressed as:

6 NHUVO3 + 4 FeSO4 + LH20 + 02 ====-==>
2 Fe(Vo3)3 + 2 Fe(OH)3 + H2S04 + 3 (NH4)2 SOY

Treatment of the - metavanadate with ferrous ion and
subseguent aeration drives the above reaction to the right.
It is® not until the pH 1is elevated, however, that
coprecipitation of the ferric metavanadate and ferric
hydroxide is observed. '

Other Precipitation Systems. Other tyres of precipitation
systems have been employed, ‘such as those used for the
precipitation of sulfate (Reference 43y, fluoride  (as
calcium fluoride}, or others (Reference 44). Starch-
xanthate complexes have recently been reported toc be
effective in aiding precipitation of a wvariety of metals,
including cd, C¢r, Cu, Pk, Hg, Ni, Ag, and Zn (Reference 45).
Scavenging or coprecipitation studies have been conducted on
municpal wastewater (Reference 46). In specialized cases,
precipitation may be induced by oxidation, which produces a
less soluble heavy-metal product. The chlorine oxidation of
Co(+2) to Co (+3) at a pH of approximately 5 produces the
insoluble Co203 . (xH20). Oxidation of Fe(+#2) to Fe({+3)
results in the precipitation of hydrous ferric oxide, even
a~ rela+ively 1low pH. Oxidation <¢f As(+#3) to As(+U4)
improves precipitation removal (Reference 45). The use of
oxidation is further discussed later in this section.
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Reduction

Reduction techniques have particular applicability to the
removal of hexavalent chromium and copper from waste streams
in the ferroalloy-ore mining and milling industry. Copper
is often recovered in current practice by reduction of the
metal and subsequent deposition on scrap iron in the waste
stream {(cementation). Since the effluent  1levels resulting
from cementation are still high, generally 10 mg/l or more,
it is necessary to follow use of this process with another
removal step, such as hydroxide rprecipitation.

Reduction of chromates to trivalent chromium, with
subseguent precipitation of the chromium as the hydroxide,
is a standard waste-treatment rpractice in a number of
industries and may find application in the c¢re mining and
dressing industry, where leaching practices give rise to
wastewater contaminated with chromates. Commonly used
reducing agents include sulfur dioxide and ferrous salts of
iron. With:sulfur dioxide and a pH of 2.5, chromate may be
reduced rapidly and @ completely. Removal of the Cr(0H)3
precipitate formed in treatment of the relatively dilute-
wastes to be expected in mill effluents ray prove difficult,
necessitating careful management of the treatment system and
- the wuse of flocculants such as Fe(OH)3 to aid in settling.
Effluent levels of 0.5 mgs/l of total chromium and 0.05 mgr1
of hexavalent chromium may be reliably attained by the
treatment (Reference 47).

Sodium borchydride reduction has been applied to reducing
soluble mercury levels in chlor-alkali and mercury
processing plants and to reducing lead levels 1in wastes
arising in the tetra-alkyllead manufacturing process (U.S.
pPatents 3,736,253, 3,764,528, and 3,770,423). Stannous
{tin) compounds have been used for the reductive deposition
of palladium during electroplating processes.,
Electroreduction of metals is widely practiced in
electrowinning and electrorefining systems for copper,
nickel, cobalt, and other metals.

Treatment 1in the ore mining and dressing industry differs
from the above techniques, chiefly because of the lower
concentrations of soluble, reducible species ‘and because of
the presence of numerous other reducikle species in the
wastewater. | Unless preconditicning c¢f treated waters is
employed, excessive reducing agent consumption may  occur.
Secondary recovery systems (settling, filters, etc.) may be
necessary to permit removal of reduced components. The
‘recovery of values from waste residues is a potential option
with this treatment method. 1In some instances, application
of this process option to internal streams prior to
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~discharge and/or combination with other waste streams may
offer substantial enhancement of value recovery from
treatment products. ‘

Oxidation, Aeration, and Air Stripping

A number of the waste components resulting from mining and
milling may be removed or rendered less harmful by oxidation
or removal to the atmosphere. Among these are c¢yanide,
~sulfide, ammonia, and a variety of materials presenting high
COLC levels. The simplest approach to effecting these
- processes is aeration of the waste stream, which occurs
naturally in pumping it. and in distributing it at the
tailing pond. More elaborate implementation achieves more
complete and rapid results in air strippers, and by
~ controlled introduction of stronger oxidants, such as
chlorine or ozone. ‘

Cyanide (CN-) is removed by oxidation to cyanate (CNO-) and,
ultimately, to C02 and N2.  This is accomplished in standard
practice by rapid chlorination at alkaline pH (about 10.5)
using caustic soda. The probable reaction with excess
chlorine has been expressed as:

2NaCN + 5C12 + 12Na0H --=-> N2 + 2Na2C03 + 10Nacl + 6H20

A pH of 10 to 11 is recommended for cperating conditions.
This ' process may be performed on either a batch or
continuous process. Approximately 2.72 kg {6 1lb) each of
caustic soda and chlorine are normally required to oxidize

‘  0.45 kg (1 1lb) of cyanide. If metal-cyanide complexes are

present, extended chlorination for several hours may be
necessary. ' ‘ ' '

" In treatment of mill effluent in the gold milling industry,
some cyanide is lost in the process and is present in the
mill +tailings. some of the cyanide decomposes in the
tailing pond, and it appears that a high level of removal is
" generally effected by naturally . occurring oxidation in
tailing ponds. Except where cyanide is used as a leaching
reagent, high concentrations of c¢yanide are not normally
encountered, The use of cyanide as a depressant in the
- flotation process is an additional source of cyanide in
wastewater. Effluent levels characteristically encountered
are less than 0.05 mgs/1l total cyanide.

Where removal of low levels of cyanide is required, aeration

devices, auxiliary ponds or 1longer retention times may
frequently be adequate to achieve acceptable effluent
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quality. _Complete destruction of cyanide in mill treatment
systems may bpe achieved by +the wuse '0of chlorination,
ozonation, or electrolytic decomposition.- '

Alternatively, hydrogeﬁ peroxide may be employed to. remove
cyanide from mill effluents by oxidation according to the
egquation .

H202 + CN---—-> H20 + CNO-

This process which is implemented in a CuPont patent among
others, gquantitatively converts cyanide to the much. less
toxic cyanate, but does not provide complete reacticn *o
carbon dioxide and nitrogen. o '

Aeration in ponds can be interrupted by winter ice cover and
cyanide concentrations above accefptable levels may occur.
One molybdenum operation is experimenting with a cyanide
removal process that uses hydrogen peroxide to supplement
aeration in winter. Thirty percent H202 is gravity-fed from
barrels via stainless steel needle values, to the tailings
decant in a baffled flume that provides intimate mixing.
Tailings decant is retained for several  hours before
discharge. Total cyanide concentrations have been reduced
by 30 to 40 percent with dosage ratios of H202 to CN of up
to 100 on a weight basis. The rrocess is expected to be
more effective in treating free <¢yanide ion and unstable
cyanide complexes than the stable heavy metal cyanide
complexes that are typically present in decant water from
- these operations. = Ubiquitous ' iron-cyanide complexes, for
example, are not oxidized significantly by - hydrogen
peroxide. This may explain why H202 treatment appears to-
have limited effectiveness as gauged by total cyanide
analysis. : . : ' :

Effective and proper use of chlorination or ozonation should
‘result in complete destruction of cyanide in mill treatment
systems. At locations where very lcw levels are encountered
in wastewater streams, aeration devices, auxiliary ronds, or
long retention times may provide removal to below acceptable
levels.

Ammonia used in a solvent extraction and: precipitation
operation at one milling site is removed from the mill waste
stream by air stripping. ‘The ' countercurrent-flow air
stripper used at this plant operates with a pH of 11 to 1ll.7
and an airs/liquid flow ratio of 0.83 cubic meter of air per
liter water (110 cubic feet of air rer gallon of water).
Seventy-five percent removal of ammonia is achieved,
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reducing total nitrogen levels for the mill effluent to less
5 mgs/1, 2 mg/l1l of which is in the form of nitrates. Ammonia
may also be removed from waste streams through oxidation to
nitrate Ly aeration--0r, more rapidly, by ozonation--Or use
of chemical oxidants, although these procedures are less
desirable due to the impact of nitrates on the receiving
water. -

The removal of a variety of COD-producing pollutants from
effluent streams by oxidation in the tailing ponds and/or
delivery lines is evident in data from visited sites. Where
high reagent dosages or cother process factors 1lead to .
elevated effluent COD levels, aeration or the use of
stronger oxidants may be of value. 1In general, the use of
strong oxidants in the tailing pond will be highly
undesirable, since the oxidaticn of sulfide minerals in the
tails can lead to increased acid rproduction and greater
solukility of ore constituents, including heavy metals.
Aeration will be best practiced in other impoundments also.

Adsorption

Activated carkon is a sorptive material characterized by
‘high surface area within its internal pore system. Pores
generally range from 10 to 100 Angstrom units (0.001 to 0.01
micrameter), and surface areas of up to 1000 square
meters/gram are considered normal for carbons of this type.
Due; to the dimensions of the porxes, to the highly convoluted
internal surface (and, thus, very high surface area), and to
the residual organic contents of carboxyic, carbonyl, and
hydroxyl compounds, activated carbon exhibits adsorptive,
absorptive, and slight residual ion-exchange capabilities,
In- contrast +to alumina, silica gel, and other adsorbents,
however, activated carbon exhibits a relatively low affinity
for water. Compounds which are readily removed by activated
carbon - . include = aromatics, phenolics, chlorinated
hydrocarbons, surfactants, organic dyes, organic acids,
higher-meoclecular-weight alcchols, and amines. Current
applications of this material also center around the control
and removal of color, taste, and odor components in water.

Activated carbon has been shown to significantly reduce
concentrations of a variety of inorganic salts, including
most heavy metals.: Lead concentrations have been reduced
from 100 mg/1l to 0.5 mg/l (Reference 48). Reports of Eg, V.,
¢x, Pb, Ni, C4, Zn, Fe, Mn, Ca, Al, BRi, Ge, As, Ba, Se, and
Cu removal have appeared in the literature--most often, as
.results of laboratory scale treatment (References 49 and
45) . : , :
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In addition to use in tertiary sewage treatment, activated
carbon has found a variety of industrial-waste applications.
At one facility, phenols are removed from 600 cubic meters
(150,000 gallons) per day of chemical plant wastewater
containing 62,000 mg/l of total dissclved solids (Reference

50) . Influent and effluent 1levels for this treatment
facility are 100 mgs/71 and 1less thanr 1 mg/l of phenol,
respectively. As in this operation, carbon may ke

regenerated in a furnace with approximately 95-percent’
. carbon recovery to reduce materials ccst for the operation.

In addition to . the economics of operation . dictating
recenerative processes, recovery of metal values usirg «re.
principles o©f this treatment is possible. Some indication
- of the economic success ¢f this approach may be gained from
the reported viability of the “"resin-in-pulp" or "carbon-in-
pulp” process employed at mill 4105 in the gold-recovery
circuit. In this case,  cyano-complexes of gold (and,
probably, other metals) are reversibly adsorbed from
alkaline solution by . activated carbon.  Activated-carbon

treatment o©f acid mine water has been used for iron (+2)
removal (Reference 51).

The application of carbon adsorption, or adsorption by other
materials (such as peat), to mining and milling wastewater
is more 1likely to be 1limited by cost than by technical
feasibility. Removal of  flotation or solvent-extraction
reagents from waste streams may be practical in some
operations, if waste streams are  sedgregated. Carbon
adsorption could be an important factor in achieving a high
degree of water recycle in flotation mills where reagents or
decomposztlon products in the feed water would interfere
with processing. : ‘ -

Other, Adsorption Methods. @ While activated carbon is one
specific adsorbent used for wastewater treatment, there  are
many additional materials which show varying adsorptive
capacities for wastewater constituents. Many of these
candidate sorbing media  have been evaluated only in a
preliminary fashion under full scale conditions, and. few of
these have Dbeen evaluated with reference to behavior' in
actual mines/mill effluents,

Reported adsorbing species include tailing materials
(Reference 52), waste wool (Reference 53), silica gel,
alumina, hydrous zirconium oxide (Reference 54), peat moss
(Reference 55), hydrous manganese oxides (Reference 56), and
others. The sorptive capacity of various soils is currently
under study 1in c¢onjunction with increased utilization of
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- spray irrigation as ‘a method of wastewater disposal
(Reference 57). '

“To date, little experience in large-scale. wastewater
disposal involving waters similar to mine/mill effluents has
been reported for 1land disposal by spray irrigation.
Capital costs, operating costs, and performance experience
with municipal, food-industry, and rgaper-industry waste
‘disposal, however, suggest: the potential desirability of
this procedure (Reference 58).  Any spray-irrigation
disposal ¢f minesmill wastes must be preceded by settling
systems or other treatments to reduce the suspended-solid
- load. :

.Ion Exchange

-Ion exchange is kasically a process for removal of various
ionic species in or on fixed surfaces. During the fixing
- process, ions in the matrix are exchanged for soluble ionic
species. Cationic, anionic, and chelating ion exchangers
~are available and may be either sclid or liquid. Solid ion
exchangers are generally available in granular, membrane,
and bead forms (ion-exchange resins) and may be employed in
. upflow or downflow beds or columns, in agitated baskets, or
in cocurrent~ or countercurrent-flow modes. Liguid ion
- exchangers are usually employed in equipment similar to that
- employed in solvent-extraction operations {pulsed columns),
mixed settlers, rotating-disc columns, etc.). In practice,
- solid resins are probably more- likely candidates for end-of-
-pPipe wastewater treatment, while either liquid or solid ion
~exchangers may be utilized in internal process streams.

Individual ion-exchange systems dc not generally exhibit
equal affinity or capacity for all ionic species (cationic
or anionic) and, so, may not be suited for broad-spectrum
‘removal sChemes in wastewater treatment. Their behavior and
‘performance are usually dependent uron pH, temperature, and
‘concentration, and the highest removal efficiencies are
"generally observed for  polyvalent ions. In wastewater
‘treatment, some pretreatment Or preconditioning of wastes to
- adjust suspended . solid concentrations and other parameters
is likely to be necessary. -

. Prozress in the development of specific ion-exchange resins

and . techniques for their application has made the process

“attractive for a wide variety of industrial applications in

- addition to water softening and deionization. It has been

‘used extensively in hydrometallurgy--particularly, in the

- uranium industry--and in wastewater <treatment (where it
\
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often has the advantage of allowing recovery of ' marketable
products). = This is facilitated by the requirement for
periodic stripping or regeneratiocn of ionic exchangers. If
regeneration produces a solution waste, its subsequent
treatment must be considered.

Table VII-2 shows different types of ion-exchange resins and
the range of conditions and variety ¢of purposes  for which
they are employed.

Disadvantages of using ion exchange in treatment of mining
and milling wastewater are relatively high costs, somewhat
linited resin capacity, and insufficient specificity--
especially, in cationic exchange resins for some applica-
tions. :

Although 'it is suitable for complete deionization of water,
ion exchange is generally limited in this application, by
economics and resin capacity, to the treatment of water con-
taining 500 mg/l or less of total dissolved solids. Since
TDS levels in mining and milling effluents are often higher
than this level, application of ion exchange to the economic
reduction of total dissolved sclids at high flow rates must
be evaluated.

For recovery of specific ions or groups of ions (e.g.,
divalent heavy-metal cations, or metal anions such as
molybdate, vanadate, and chromate), ion exchange is
applicable to a much broader range of solutions. This use
is typified by the recovery ¢f wuranium from ore 1leaching
solutions using strongly basic anion-exchange resin. As
additional examples, one may consider . the commercial
reclamation of chromate plating and anodizing solutions, and
the recovery of. . copper and zinc from rayon-production
wastewaters (Reference 59). Chromate plating and anodizing
wastes have been purified and reclaimed ky ion exchange on a
commercial scale for some time, yielding economic as well as
environmeéental benefits. In tests, chromate solutions
containing ‘levels in excess of 10 mg/1 chromate, treated by
ion exchange at practical resin loading values over a large
number of loading elution cycles, consistently produced an
effluent containing no more than 0.03 mg/l of chromate.

High concentrations ¢of ions cother than those to be recovered
may interfere with practical removal. <cCalcium ions, for
example, are generally collected along with the divalent
heavy-metal cations of copper, =zinc, lead, etc. High
calcium ion concentrations, therefore, may make ion-exchange
removal of divalent heavy-metal ions impractical by causing
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TABLE Vil-2. PROPERTIES OF ION EXCHANGERS FOR
METALLURGICAL APPLICATIONS

GENERALLY RECOMMENDED APPLICATION

CATION EXCHANGERS

ANION EXCHANGERS
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rapld loading of resins and necessitating unmanageakbly. large
resin inventories and/or very frequent elution steps. Less
difficulty of this type is experienced with anion exchange.
Available resins have fairly high .selectivity against the
common anions, such as Cl(-) and S04 (-2).  Anions adsorbed
along with uranium include vanadate, molybdate, ferric
sulfate anionic complexes, chlorate, c¢obalticyanide, and
polythionate anions. Some solutions containing molybdate
prove difficult to elute and have caused problems.

Ion—exchange resin beds may be fouled by particulates, pre-
cipitation within the kreds, o0ils and greases, and biological
growth. Pretreatment of water, as discussed. earlier,  is
therefore, commonlylrequired for successful operation. Gen-
erally, feed water is required to be treated by coagulation
and filtration for removal of iron and manganese, CO2, H2S,
bacteria and algae, and hardness. §Since there 1is some lati-
tude in selection of the ions that are. exchanged for the
contaminants that are removed, post-treatment may or may not
ke required. : : o

Since, in many cases, calcium is present in ore mining and
milling wastewater in . appreciably greater concentrations
than are the heavy-metal cations whose removal to low levels
is sought, use of ion exchange 1in that mode would be
expensive and little advantage would be cffered over lime or
sulfide prec1p1tat10n.' For the removal of anions, however,
the relatively high .costs of ion-exchange egquipment and
resins may be offset partially or totally by the recovery of
a marketable product. This has been demonstrated in the
removal of .uranium from mine water. The removal of
molybdate ion from ferrocalloy-ore-milling wastewater has
been investigated, with promising results, in a pilot-plant
study. Treating raw wastewater containing up to 24 mg/1l of
molybdenum, the pulsed-bed lon-exchange Filot plant produced
effluents cons;stently containing less than 2 mg/l.
Continucus operation was achieved for extended periods of
time, . with . results .indicating possible breakeven or
profitable operation through. sale of the @ recovered
molybdenum. The -application of this -technique at any
. specific site will depend upon a complex set of factors,
including resin loading achieved, pretreatment required, and
the complexity of processing needed to produce a marketable
product from eluent streams.

The practicality of +the ion-exchange process _w1ll . be
enhanced by practices such as waste segregation, recycle,
etc., which allow the treatment of smaller volumes of more
concentrated solutions. Similar factors apply to the
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treatment of mining and milling waste streams bearing
vanadate and chromate anions, although prior experience in
ion-exchange recovery of these materials should aid the
development of treatment schemes for such wastes.

Modified Desal Process. A demonstration plant for
generating potable water from acid  coal-mine drainage, in
operation since .early 1973, treats 3,028 cubic meters
(800,000 gallons) per day of water which contains pollutant
loadings similar to those ¢of acid mine d&rainage (Reference
60) . The plant was originally designed for a capacity of
1,893 cubic meters (500,000 gallons) per day, but it is
expected that the plant's capacity can be further increased
to 3,785 cukic meters (1,000,000 gallons) per day through
use of improved operating technigues. :

The Modified Desal Process portrayed in Figure VII-5 is a
variation of a system originally developed to  produce
potable water from trackish supplies by means of cation and
anion exchange resins. The primary purpose of ion exchange
_in treating acid mine water, however, is to remove sulfate,
so only an anion-exchange resin is necessary. The process
uses a 'weak base anion resin in the bicarbonate form ¢to
replace sulfate or other anions. The solution of metal
bicarbonates is aerated to oxidize ferrous iron +to the
ferric form and to purge the carbon dioxide gas. . The
increase in pH causes iron, aluminum, and manganese to
precipitate as insoluble hydrous oxides. Some calcium and
magnesium carbonates also precipitate. To produce improved
quality water, well within potable limits, lime treatment
precipitates more calcium and magnesium Dby converting the
bicarbonates into less soluble carbonatesf‘

“

-~ The exhausted resin is regenerated Wlth ammonium hydroxlde,

which - converts the resin to the free-base form.
Introduction of carbon -dioxide converts the resin back to
the bicarbonate form, and the regenerated solution of
ammonium sulfate is processed to recover the ammonia through
lime addition. The resultant calcium sulfate is transported
to mine pits for disposal. Regeneration occurs after about
18 hours of operation, and the plant currently utlllzes the
original 1on-exchange resin. :

Ocperating data for the plant are shown in Table VII-3. It
is felt that this system, or a modification thereof, might
provide effective removal 'of sulfate and dissolved solids .in
the ore mmnlng and dre351ng 1ndustry. : !
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TABLE VII-3. ANALYTICAL DATA FOR MODIFIED DESAL PROCESS

CONCENTRATION {mg/2 }
PARAMETER RAW WASTEWATER EFFLUENT WATER

pH 3.7 9.5*
Total hardness (CaC03) 395 184

TDS . 1,084 284
Calcium (CaCO4) 295 ‘ 85
Magnesium (CaCO5) 100 99

Iron 101 - 02
Suifate - 548 192

*Value in pH units
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" Present operating costs  for water produced’ "at the
Phillipsburg, Fennsylvania, plant are $0.40 to 0.50 per 3.8

cubic: meters (1,000 gallons) o©f water. However, a
considerable reduction in cost might be achieved for ¢the
mining industry for +two reasons. The first is that the

demonstration plant contains much instrumentation and many
features that would be unnecessary in a facility designed
merely for production. Secondly, integration of the ion-
exchange system with presently existing lime-neutralization
plants could eliminate the necessity for many features of
the Modified Desal Process system.

Although the cost for treating 3.8 cubic meters (1,000
gallcons) of raw mine drainage appears favorable, volumes 1in
excess of 57,000 cukic meters (15,000,000 gallons) of
drainage generated daily at many facilities require a
substantial +total investment in time, material resources,
and energy. Also, individual treatment gplants with design
capacities of up to 34,065 cubic meters (9,000,000 gallons)
"per day would necessitate the installaticn of multiple ion-
exchange - units at most discharge outfalls. - This
configuration would greatly decrease cost effectiveness for
a treatment -aimed specifically at removing sulfate and
dissolved soclids. ' Lo

1
f

gltrafiltration and Reverse 0Qsmosis ' ¢

Ultrafiltration and reverse osmosis are similar processes in
which pressure is used to force water through membranes
which do not allow passage of contaminants. They differ in
- the scale of contaminants passed and in the fpressures
required. Ultrafiltration generally retains particulates
and materials with a molecular weight greater than 500,
‘'while - reverse-osmosis membranes  generally . pass only

materials with a molecular weight below 100. {Sodium
‘chloride, although below a mclecular weight of 100, is
retained, . allowing arpplication to desalinization.)

" Pressures” used in ultrafiltration generally range from 259
~to 517 cm of 'Hg (50 to 100 psi), while reverse osmosis is
‘run at pressures ranging from 2,068 to0 9,306 cm of Hg (400
to 1,800 psi).

Ultrafiltration has been applied on a significant commercial
scale to the removal of c¢il from o0il emulsion, yielding a
- highly  purified water effluent and an oil residue
sufficiently concentrated to allow reuse, reclamation, or
. combustion. Equipment is readily availakle, and present-day
membranes are tolerant of a brdad pH range. "Application of
ultrafiltration to mining and milling waste streams, where
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high dosages of oils. are used in flotation--as at a formerly
operated manganese mill--may provide a practical technique
for removing these waste components, possibly allowing reuse
as well. ‘

Reverse osmosis (RO) is conceptually similar to ultrafiltra-
tion. It also involves the application of an external
pressure to a solution 1in contact with a semipermeable
membrane to force water through the memktrane while excluding
both soluble and insoluble solution constituents. In its
rejection of soluble constituents, reverse osmosis performs
a water-treatment function not fulfilled by ultrafiltration
systems under simple operating conditions.

Reverse osmosis 1is considerably 1less tolerant of input-
stream variations in conditions and requires, in general,
considerable pretreatment.  Concentration of wastes - is
generally limited by saturation of solutions and the
formation of precipitates, which can decrease the
effectiveness of the apparatus. As a result, residual
volumes ©¢f waste in the mining and milling industry would,
in many cases, be unmanageably large. A pilot-plant
operation has been run on mine drainage streams, and
production of a high-quality water effluent has been shown
to be technically feasible, Pretreatment requirements,
costs, and the proklems of disposal of residual wastes make
the practicality and economic achievability important con-
siderations. : ,

Reverse osmosis has heen demonstrated capable of rejecting
heavy-metal species from purified water streams with a high
degree of efficiency (Takle VII-4). Reverse-osmosis systems
have been evaluated for acid mine water treatment
(References 62 and 63). Related studies have been conducted
with- metal finishing effluents (Reference 64). In most
instances, pretreatment of water, and conditioning with
respect +to pH, temperature, and suspended-solid levels, is
necessary for reverse-osmosis module use. Membrane lifetime
and cornstancy of efficiency are koth adversely affected Ly
- inadequate treatment of waters prior to membrane contact.
In general, laboratory performance of reverse-osmosis
systems has shown somewhat higher gurification efficiencies
than have been observed in pilot-plant operations (Reference
45) . The present state-of-the-art with regard to RO
techrniology indicates that details of extrapolation of
laboratory and current pilot-plant data to full-scale
operation need to be worked out. Data on membrane lifetime,
operating efficiency, rejection specificity, and other
factors remain to be more fully quantified.
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TABLE VII-4. REJECTION OF METAL SALTS BY REVERSE-
‘ OSMOSIS MEMBRANES ‘ '

‘ PARAMETER TYPICAL REJECTION PERCENT

iron ‘ . , 99
Magnesium , a8
Copper 99
"Nickei . . - 99.2
Chromium (hexavalent} - g7.8
Sirontium ) o9
;o Cadmium- .- R S taeesLo.- OB
Silver " - . . 96
Aluminum 99

SOURCE: Reference 47
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High-Density-Sludge Acid Neutralization

The conventional lime neutralization of acid or mine wastes
usually leads to the formation of low-density sludges which
are difficult to dewater (flocs). The use of ground lime-
stone avoids this problem but does not allow for the attain-
ment of pH levels necessary ¢to effectively remove such
metals as zinc and cadmium. A process which utilizes
extensive recycle of the previously precipitated sludge
allows the attainment of sludges of much higher density,
thus allowing more rapid sedimentaticn of the sludges
ultimately produced and easing solid-disposal problems.

Solvent Extraction

Solvent extraction is a widely utilized technique for <the
separation and/or concentration of metallic and nonmetallic
species in the mineral processing industry. It has been
applied to commercial processing of uranium, vanadium, tung-
sten, thorium, rhenium, rare earths, beryllium, c¢olumbium,
copper, zirconium, molykdenum, nickel, boron, phosphoric
acid, and others (References 65 and 66). Reagent-processing
equipment for this technique 1is highly developed and
generally available (Reference 67). It is anticipated that
such equipment would require modification to be applicable
to treating tlie 1low levels of solublé metals in most waste
streams. Pretreatment and post-treatment of waters treated
by this technigue would probably be required to control
influent pH, suspended solids, and cther parameters, as well
as effluent organic levels. It 1is 1likely that this
treatment strateqy may be most applicable in internal
process streams or as an add-on for the recovery of values
from waste-concentration streams such as distillate or
freeze residues, reverse-osmosis brines, etc.

Because of the speculative nature of solvent extraction as
applied to wastewater treatment, the unknown costs o©f rea-
gents, and possible pretreatment/post-treatment demands,
accurate treatment or capital costs for this option do not
arpear readily derivable at this time.

Evaporation and Distillation

Evaporation may be employed as a wastewater-treatment tech-
nique in a variety of ways:

(1) Total evaporation of wastewater may produce solid
residues and eliminate effluent water discharge.
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(2) Concentration o¢f wastewater by evaporation may
"balance dilution by makeup and infiltration water

and allow for an approach to total recycle, thus
minimizing discharge volume. The buildup of detri-
mental species upon evaporation will normally
require a tleed stream from the evaporation system,
thus precluding total water recycle. ' A bleed
stream, of course, might be handled by total
evaporation, rather than ty discharge to a
waterway. ‘ -

(3) Concentration by evaporation may allow subseguent
removal of concentrated wastewater components to
acceptable levels for smaller-volume discharge or
reuse.

(1) Ultimately, complete distillation of wastewater may
allow the almost total reuse or recycle of
contained water, while rendering discharge unnec-
essary and allowing Fpotential recovery of wvalues
from nonvolatile residues. In the absence of
recoverable values, disposal of sludge resulting
from distillation might become a problem of sub-
stantial magnitude, The presence o©f wvolatile
wastes in the effluent may require additional
treatment of distillate to achieve adequate quality
for some uses.

Energy sources for evaporation may be artificial (steam, hot
.gases,  and electricity). or natural -(solar, gecthermal,
etc.). . In present practice, many of the mining and milling
operations in the Western and Southwestern United States
employ solar evaporation as a principal means of water

treatment. - Evaporative losses of water at  some
installations may exceed 7,572 cubic meters (2,000,000
gallons) per year for each 0.4 hectare (1 acre) of

evapcrative surface; with adequate surface acreage, this
loss may allow for zero-effluent-discharge operation. At
present, this evaporated water is not collected for reuse at
these operations. :

A multistage flash-distillation process has been applied to
treat acid mine drainage (from a coal mine) in a pilot plant
(Reference -68). The process 1is mechanically complex but
results in a solid residue and essentially pure water, suit-
able for human consumption. This approach to pollution.con-
trol involves the use of considerable energy associated with
vaporizing - vast volumes ot water. Its technical
applicability to treating mine water has been demonstrated,
but it is not clear that organic wastes potentially present
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in mill effluents would be successfully controlled by such a
process.

Technlgpes for Reduction of Wastewater Volume

Pollutant " discharges from mining and milling sites may ke
reduced Lty limiting the total volume of dlscharge, as well
as by reduclng pcllutant concentrations in the waste stream.
Volumes . of mine discharges are not, in general, amenable to
control, except insofar as the mine water may be wused as
input to the milling process in place of water from other
sources. Techniques for +reducing discharges of mill
wastewater include limiting water use, excluding incidental
water from the waste stream, recycle of process water, and
impoundment with water lost to evaporation or trapped in the
interstitial voids in the tailings.

In most of the industry, water use should be reduced to the
extent practical, because of the existing incentives for
doing so - (i.e., the high costs of pumping the high volumes
of water required, limited water availability, and the cost
of watertreatment facilities). Incidental water enters the
waste stream prlmarlly through preciritation directly and
through the  resulting runoff influents +to tailing and
settling ponds. By their very nature, the water-treatment
facilities are subject to precipitation inputs which, due to
large areas, may amount to substantial volumes of water.
Runoff influxes are often many times larger, however, and
may be controlled to a great extent by diversion ditches -and
(where approprlate) conduits. Runoff diversion EXlStS at
many sites and is under development at others.

Recycle of process water is currently -practlced “primarily
where it is necessary due to water shortage, or where it is
economically advantageous because of high  water costs.
Recycle to some -degree is accomplished at many ore mills,
either by reclamation of water at the mill or by the return
of dJdecant water to +the mill from the tailing pond or
secondary impoundments. Recycle 1is bLecoming, and will
continue to become, a more fregquent practice. The benefits
of recycle in pollution abatement are manifold and
frequently are economic as well as environmental. By
reducing the volume of discharge, recycle not only reduces
the gross pollutant lcad, but also allows the employment cf
akatement practices which would be uneconomic on the fuil
waste stream. Further, by allowing concentrations to
increase, the chances for recovery of waste components +to
offset treatment cost--or, even, achieve profitability--are
substantially improved. In addition, costs of pretreatment

465



. of process water--and, in some instances, reagent use~-may
be reduced.

Recycle of mill water almost always requires some treatment
of water prior to its reuse. In many instances, however,
this may entail only the removal c<f solids in a thickener or
tailing basin. This is the case fcr physical processing
mills, where chemical water guality is of minor importance,
and the practice of recycle is always technically feasible
for such operations. In flotation mills, chemical
interactions - play an important part in recoveéry, and
recycled water can, in some instances,.pose problems. The
cause of these problems, manifested as decreased recoveries
or decreased product purity, varies and is not, in generai,
well-known, being attributed at various sites and times to
circulating-reagent buildup, inorganic salts in recycled
water, or reagent decomposition fproducts. Experience in
arid 1locations, however, has shown that such prokblems are
rarely insurmountakle. 1In general, glants practicing bulk
flotation on - sulfide ores can achieve a high degree of
recycle of process waters with minimal difficulty or process
modification. Complex selective flotation schemes can pose
more difficulty, and a fair amount c¢f work may be necessary
to achieve high recovery with exteénsive recycle in such a
circuit. . Numerous examples where this has been achieved may
be cited (Reference 69). Froblems of achieving successful
recycle operation in such a mill may be substantially
alleviated by the recycle of specific process streams within
.the mill, thus minimizing reagent crossover and degradation.
The  flotation of non-sulfide cores (such as scheelite) and
various oxide ores using fatty acids, etc., has been found
to be quite sensitive to input water gquality. Attempts at
water: recycle in such operations have posed severe problems,
and successful operation may require a high degree of
treatment of recycle water. In many c¢ases, economic
advantage may still exist over treatment to levels which are
acceptable for discharge, and examples exist in current
practice where little or no treatment of recycle water has
been required. ‘

Technical limitations on recycle in ore leaching operations
center on inorganic salts. The deliberate solubilization of
ore components, most of which are not to be recovered, under
recycle operations can lead to rapid buildup of salt loads
incompatible with subsequent recovery steps (such as solvent
extraction or ion exchange). In addition, problems of
corrosion or sealing and fouling may become unmanageablie at
some points in the process. The use of scrubbers for air-
pollution control on roasting ovens provides another
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substantial source of water .where recYcle is 1limited. At
leaching mills, roasting/ " will be practiced  to increase
solubility of the product miterial. Dusts and fumes from
the roasting ovens may be expécted to contain appreciable
quantities of soluble salts. The buildup of salts 1in
recycled scrukber water may 1lead +to plugging of spray
nozzles, corrosion of equipment, and decreased removal
effectiveness as salts crystallizing out of evaporating
scrubber water add to ‘particulate emissions.

Impoundment is.a technlque practiced at many mining and
- milling . operations in arid regions t0 reduce point

discharges to, or nearly to,  zero. Its successful
employment depends on favorable climatic .conditions
(generally, less precipitation than evaporation, although a
slight excess may be balanced by process 1losses and
retention in tailings and product} and on availability of
land consistent with process-water requirements and seasonal
or storm prec1p1tat10n influxes. 1In some instances where
impoundment is not practical on the full process streamnm,
impoundment and treatment of smaller, highly contaminated
streams from specific processes may afford significant
advantages. :

Electrodialysis

Electrodialysis 1is fundamentally similar to both reverse
osmosis -and ultrafiltration to the extent that it employs
semipermeable memkranes t¢ allow  separation o©f soluble
cationic .and anionic impurities from water. An imposed
electrical field is used to provide a driving force for ion
migration, in analogy to either osmotic or external pressure
in reverse-osmosis, dialytic, or ultrafiltration systems.

Electrod1a1y51s is generally employed in the treatment of
waters containing less than 5,000 o 10,000 mgrsl of
dissolved scolids to achieve final levels of 1less than 500
mg/l (Reference 44). Applications have been reported in
desalinization of seawater involving feed water containing
38,000 mg/1l chloride and producing a product water
contalnlnq 500 mg/1l chlorlde (Reference 54) . :

Tq-date, electrodlaly51s has not been employed in large-
scale operations within the mining/milling industry segments
reviewed and studied in -this program. The potential for
isolation and recovery of byproduct or waste values exists
but has not been confirmed.
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Freezing ‘ .

This process depends on the formation of pure ice crystals
from the contaminated solution being treated. Results of
freezing experiments on acid mine~drainage samples (from a
coal mine) indicate - that suspended solids act as
condensation nuclei and, if present, are entrained with the
"pure" ice obtained. Once solids have been removed, of
course, the mine drainage may still contain other
contaminants., ' '

ExXperimentally, agitation and slow freezing rates have
allowed ‘reductions in dissolved materials in the range of 3%
to S50 percent (Reference 45) :

This vprocess ‘results in a concentrated stream, which still
requires treatment. It has a theoretical advantage over
distillation because only about one-sixth of the energy
should be required. Laboratory-scale experiments indicate
it may be a feasible treatment technigue for mine and mill
water treatment, but it has not been fully tested,

Biological Treatment

The ability of wvarious biota--both flora and fauna--to
assimilate soluble constituents from contacting waters is
being documented with increasing frequency. In general,
these studies have considered the undesirability of such
assimilations, rather than viewing them from the standpoint

of potential water-treatment options or systems. If trace

or toxic constituents can be metabolized, detoxified, or
fixed by various organisms, the periodi¢ removal of
organisms containing concentrates of these materials may be
a viable removal mechanism.

The use of thlS technique at one facility visited involves a
combination of sedimentation ponds. and blologlcal treatment
in the form of meanders. The meander system 1is an
artificial 'system designed to contain--and, thereby,
control--excessive algal growth and the associated heavy
metals which are trapped and assimilated by the algae
(Reference 70). The algal growth occurs naturally and was a
problem associated with the discharge prior to installation
of the present system.. The system was designed as a series
of broad, shallow, rapidly flowing meanders, which increase
the length of the treatment section and encourage the growth
of algae before discharge, while simultaneously trapping any
suspended heavy metals. To prevent the - algae and the
associated heavy metals from escaping the. gystem, an
additional final sedimentatiion pond is placed at the end of
the system. - ‘ : ‘
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The system can be effective if sufficient land is 'available
to allow the construction of ‘an adequate meander system, and
if the «climate is such that algae growth is not precluded
during parts of the  year. These conditions effectively
prevent widespread application of this treatment technigue.

EXEMPLARY TREATMENT OPERATIONS BY ORE CATEGORY

The manner in which ore mine and mill operators have
approached the design and construction of treatment -and
control facilities wvaries from quite simple to somewhat
sophisticated (utilizing recycling, zero-discharge
operations). ToO attain extensive recycling or zero
discharge, extensive process changes and/or redesign have
often been necessary. Performance <¢f the many vaired
operations used 1in each ore . category varies with the
operating characteristics . of the facility, the ore
mineralogy, and other factors. . Descriptions, = by ore
category, of the treatment and contrgl processes used in the
ore mining and dressing industry and  the consequent
treatment levels attained are included here t0 provide a
more complete explanation and examination of the control and
treatment technology currently in use,

Iron Ore

This discussion includes examples ©¢f mines that have
discharges (Subcategory I), mills which employ physical and
chemical beneficiation and mills which employ only physical
benefication (Sukcategory II), and mills using magnetic- and

".physical-separation methods (Subcategory III).

Mining Operations. Mine 1105 is an open-pit operation that
accumulates water. Water is pumped directly from the pit to
a settling pond of sufficient volume to remove suspended
solids prior to discharge. No chemical coagulants are used,
because the suspended-solid concentration generally is less
than 10 mg/l. EBecause this operation produces low levels of
dissolved  components, dissolved-solid treatment is
unnecessary. Suspended-solid concentrations after treatment
have been observed t¢ remain 1low, but historical data
obtained during periods of hlgh rainfall and high pumping
rates are lacking.

Table VII-5 is a compilation of data measured in this study
and by the operators. It can be cbserved that many of the
parameters measured appear t¢ increase in the effluent
stream after treatment. Measurements made during this study
were confirmed by duplicate industry sample analysis.
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1l

' TABLE VII-5. CHEMICAL CHARACTERISTICS OF SETTLING-POND DISCHARGE AT

MINE 11056 ; ‘ ‘
S AVERAGE AVERAGE
AVERAGE |+ SETTLING-POND SETTLING-POND
PARAMETER MINE-DISCHARGE DISCHARGE DISCHARGE
! ‘ ' CONCENTRATION (mg/2) | CONCENTRATION (mg/2) | CONCENTRATION
. This Seudy I Industry This Study Industry (mg/e) Tt
[ T ' ] » L .’ ' [ )
pH | 7.4 .79 . 7.4 8.0 8.0
TSS . 10 6 - 25 8.5 34
TDS 225 - 243 - 283 291 -
coD 97 45, 13.7 15 -
Oil and Grease <1 <5 <1 <5 (<10)
Total Fe < 0.02 - <01 - -
Dissolved Fe < 0.02 <01 <002 <0.1 -
Mn 0.04 <01 < 0.02 <0.1 —
. Sulfate .24 - 35 - -

: .Value in pH units
tHistorical data
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Conditions existing at the mine settling pond should be
noted, however. At the mine discharge, an extremely 1low
flow was encountered, and only intermittent pumping of the
mine was being employed. At the settling-pond discharge,
however, flow conditions were adequate for sampling.
Historical data obtained at this location for nine months
during 1974 show that a range of 1 to S {(average of 3.4)
mg/l of TSS was encountered after settling.

Mills Employing Physical and/or Chemical Separations. Iron
beneficiation plant 1109 uses magnetic separation, .coupled
with a froth-flotation sequence that removes- undesired
silica in the iron concentrate. The processing circuit uses
587 cubic meters (155,000 gallons) of water per minute, with
a recycle rate of 568 cubic meters (150,000 gallons) per
minute. Thickeners, located adjacent to the concentrator,
are used to reclaim water close to the site of reuse so as
to minimize pumping requirements. Superfloc 16, an anionic
polyacrylamide, is added to the thickeners at a rate of 2.5
grams per metric ton (0.0049 pound per short ton) of mill
feed to aid in clarification of the water in the thickeners.

The thickener underflow is pumped to a 850-hectare . (2,100-
acre}l tailing basin for the sedimentation of the solids.

Mine water is also pumped t¢o the basin. The effluent leaves
the basin after sufficient retention and flows into a creek
at an average rate of 22330 cubic meters (5,900,000 gallons)

per day. Chemical analysis of the wastewater to the tailing
pond (mine and mill water) in comparison to the effluent
water quality and waste loading is given in Table VII-6.

Mills Emploving Magnetic and Physical Separation. Mill
1105 is 1located in the Mesabi Range of Minnesota and is
processing ore of the Biwabik formation. Crude magnetic
taconite is milled to produce a finely divided magnetite
concentrate. The mill's water system. is a closed loop
having no . point-source discharges t¢ the environment. The
plant processes use 20.4 cubic meters (54,000 gallons) per
minute, with 189 cubic meters (50,000 gallons) per minute
returned from the tailing-thickener overflow and 15.1 cubic
meters (4,000 gallons) per minute returned from the tailing
pond or basin. The tailing thickener accumulates all the
milling-process wastewater containing the tailings. A
nontoxic polyacrylamide flocculant (SuperFloc 16) is added
to the thickener to assist the settling out of solids.
Tailing thickener underflow is pumped to a tailing basin of
470 hectares (1,160 acres), where the solids are settled and
the clear water 1is recycled back into the plant water-use
system. A simplified water-use sequence is shown in Figure
VII-6. ‘ .
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TABLE VIil-6. CHEMICAL COMPOSITIONS OF RAW AND TREATED
- WASTELOADING AT MINE/MILL 1109

FINAL DISCHARGE

MINE EFFLUENT MILL EFFLUENT
WASTE LOAD WASTE LOAD HISTORICAL

PARAMETER ||[CONCENTRATION |CONCENTRATION | PER UNIT PRODUCT _ICONCENTRATION| PER UNIT PRORUCT CONCENTRATION"

img/e} (mg/ L) kg/matric tan [Ib/short tan {mg/ 1) kg/mstric ton | Ib/short ten (mg/ 2]
oH 83" 85" - - 8.3°" - - 171°°
78S 12 (55%) 1,346 2,690 10 0.0z . 0.04 34
TDS 308 . 360 0.88 1.76 22 0.48 _0.88 -
coo 275 13.5 0.033 0.066 18.0 0.07 Q.078 -
Total Fe 0.30 0.04 0.0001 0.0002 0.75 0.0016 0.0032 -
Ciusclved Fu 0.02 0.04 0.0001 0.0002 0.44 0.0010 0.0020 0.60
Fin 0.65 - - - <0.02 < 0.00004 0.00008 0.06
Sultsts 7 207 0.05 0.0 35 0.0078 0.0152 -
Alkalinity 181 2318 0.58 1.16 120 0.26 052 -

Value in pH

unig,

Avorage of nine values {August through October 1974}
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Figure VIf,—G. MILL 1105 WATER-USE SYSTEM (ZERO DISCHARGE)
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Copper Qres

The discussion that follows describes treatment and control
technology in current use in the five sukcategories of the
copper-ore mining and dressing industry.

Mining Operations . ' '~Mine water generated from natural
drainage 1is reused in mining, leaching, ' and milling
operations wherever possible in the copper mining industry.
Because of an excess of precipitation in certain areas of
the country, a location which is not proximate to a milling
facility, Oor an inability to reuse the entire amount of mine
wastewater at a particular mill, a discharge may resul-+.
The amounts of precipitation and evaporation thus have an
important influence on ‘the presence or absence of mlne—water
discharge.

To avoid discharge, mine effluent may be reused .in dump,
heap, or in-situ leaching as makeup water. As a leach
solution, it is acidified (if necessary), percolated through
the waste dump, sent through an iron-precipitation facility,
and recycled to the dump (Figure VII-7).

Large quantities of water-are usually needed in the copper
flotation process. ' Mine-water ﬂeffluent “1is used at many
facilities as mill process makeup water. The mine water may
pass through the process first, or it may be conveyed to the
tailing pond, from which it is used for mill flotation with
recycled process water (Figure VII-8). The practice of com-
bining mine water with mill water can create water-balance
difficulties unless the.mill circuit is capable of handling
the water volumes generated:without a discharge resulting.
The discharge of mine water into a mill process system which
creates an excess water. balance and subsequent discharge may
have a detrimental effect .on' the mine water because of
contamination by mill flotation reagents and residual
wastes. However, in other instances, a benefit has been
realized when mine and mill wastewater is combined for
treatment. For this  reason, the Oftimum wastewater-
treatment scheme adopted .must be determined on an 1nd1v1dual
basis.

Acid mine water 1is - encountered in the copper mining
industry, and methods "of  neutralization usually employed
include the addition of lime and limestone. Acid mine water
containing solubilized metals may be effectively treated by
combining the mine water with the mill tails in the mill
tailings pond. The water may be further treated by lime-
clarification and aeration.
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Figure VI1-7. CONTROL OF EFFLUENT BY REUSE OF MINE WATER IN LEACHING
(MINE 2122) '
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Figure VI1-8, CONTROL OF MINE-WATER EFFLUENT BY REUSE IN THE
CONCENTRATOR (MINE/MILL 2119)
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Lime precipitation is also often used to enable the removal
of heavy metals from wastewater by precipitation as
hydroxides. Tables VII-7 and VII-8 show examples of the use
of lime precipitation for treatment of mine water at two
locations of mine 2120. The wuse. of this treatment
technology is demonstrated to effectively reduce several
heavy metals of interest.

Various techniques are employed to augment the use of lime
neutralization. Among these are secondary settling ponds,
clarifier tanks, or the addition of flocculating agents
{such as' polyelectrolytes) to enhance removal of solids and
sludge before. . discharge. Often, readjustment of the pH is
necessary after lime treatment. " This can be accomplished by
addition of sulfuric acid or by recarbonation. The use of
sulfide precipitation may be necessary in some instances for
further removal of metals such as cadmium and mercury.

Mine Employing Hydrometallurgical Process. Acid solutions
employed in dump, heap, and in-situ leaching are recycled in’
this subcategory of <the copper industry, allowing the
recovery of copper in the iron precipitation plant. Water:
is added to replace losses due to evaporation and seepage.
Acid is added to control pH. '~ Table VII-9 1lists the
operations surveyed and their contrel of acid solutions.
Only one operation surveyed discharges a small amount of
"bleed water" to surface waters.

Control of seepage and collection of acid-leach solution are
sometimes aided by the construction of specially prepared
surfaces, upon which heaped ores are placed for leaching.
These surfaces may ‘be constructed of asphalt, concrete, or
plastic. '

One facility currently bleeds the acid-leach solution and
treats the bleed by neutralization and precipitation with
alkaline (limed) tailings from the mill. The treated water
flows into the tailing pond for settling and is subsequently
recycled with the decant water to the mill.

Treatment of the leach solutions used in this subcategory is
sometimes necessary for control of dissolved solids, which
build up during recycling. Holding ponds are constructed to
retain leach solutions for a sufficient time to allow the
iron salts to precipitate from solution and settle, before
the solution is recycled ¢to 1leach beds. In conjunction
with, or in place of holding ponds, pH control aids in pre-
venting iron salts from precipitating in pipes or in the
leach dump.
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TAéLE VII-7. CONCENTRATION OF PARAMETERS PRESENT IN RAW WASTEWATER AND
EFFLUENT FOLLOWING LIME PRECIPITATION AT MINE 21208

CONCENTRATION (mg/1)

I —”_

PARAMETER (cgﬁ!qr:‘\%s-rg:g:.erzf) TREATED WASTEWATER . L
CONTRAGTOR COMPANY MONIT‘ORING DATA®*
DATAT MEAN RANGE
pH 6.1 to 10.8* 10.9t012.7* - -
TDS 2,200 3,000 - -
TSS 131 32 12 7 t0 46
Oil and Grease <1 <1 - -
cd 0.13 < 0.04 0.01 < 0.01t00.03
Cu 2.6 0.18 0,07 0.04 to 0.61
As 0.02 £ 0.02 ¢ 0.064 0.001 to 0.033
Zn 12~ 0.35 0.186 0.08 to 1.0
Fe 7.5 0.7 0.1 0.09 to 0.68
Ni 0.13 <-0.05 - - -
Hg 0.0015 0.0007 0.0003 | < 0.0002 to 0.0006
| Pb <04 - < 0.1 0.01 < 0.01 to 0.01

* Value in pH units.

‘t Average of one grab sample and two 24-hour compasite samples.

**For period June 1975 through May 1976. Mean values are averages of monthlv mean data ranga is 1owest
monthly average and highest single-day concentrations observed.
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TABLE V11-8. CONCENTRATION OF PARAMETERS PRESENT IN RAW WASTEWATER AND
' EFFLUENT FOLLOWING LIME PRECIPITATION AT MINE 2120C

, R CONCENTRATION (mg/1)
éARAMETER RAW WASTEWATER TREATED WASTEWATER
L ) - \
' (CO‘NT“ACTOR PATAY) | ONTRACTOR COMPANY MONITORING DATA'
DATA* MEAN RANGE

pH 6.9 8.5 - -

TDS 450 - - -

TSS 2,075 26 7 310 30

Cu 18 0.14 0.26 0.05 to 0.51

¢d ’ 0.08 £ 0.04 0.01 < 0.01to 0.01

As 0.05 < 0.02 0.004 < 0.001 t0 0.011

Zn 5.1 0.21 0.25 0.03 t0 0.62

Fe BREEE T | B4 0.46 0.58 0.08 t0 1.13

Hg ol 0.0001 0.0001 0.0003 | < 0.0002 to 0.0005
< 0.1 < 0.1 0.01 < 0.01 t0 0.03

| Pb

* Avaragﬁ of one grab sample (collected October 1974) and twe 24-hour composites (collected May 1975},

**Value in pH units.

t For period June 1975 through May 1976. Mean data are dverages of single monthly analyses; range dsta represent
ranga of single monthly analyses.
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TABLE VI1-9. DUMP, HEAP, AND- IN-SITU LEACH-SOLUTION CONTROL
AND TREATMENT PRACTICE (1973)

: PLANT - CONTROL TREATMENT DISCHARGE - -
2101
2102
2103 :
2110 - Zero discharge | Recycle without treatment None
2116
2118
2123
2107 - Zero discharge | 20% to evaporation ponds T Nane
2103 N
2122 : . - - '
2124 Zero discharge All effluent circulated through None
2125 holding ponds or reservoirs
2104 - 89.4% recycle . " None 654 m3/day (avg)*
2120 " 98.7%recycle | Bleed is limed and settled in 2551 maldiy {avg)**
tailing pond to tailing pond {(not
: discharged)

*Inadequate pumps. Operation required to attain zero discharge by State Regulations in 1977.
- **The treated bleed is recycled to the mill with the decant.
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Evaporation ponds are also employed to accoﬁplish zero dis-
charge of acid-leach bleed sclutions.

Mill Employing Vat Leaching for Extraction. Zero discharge
has been reached by all facilities studied (Table VII-10).
Makeup water is required to replace evaporative losses and
‘the moisture which remains in the discarded, leached ores.

Complete recycling o©of barren leach and wash solutions is
usually practiced. However, one facility presently reuses
its spent vat-leach solution in a smelter process to achieve
zero discharge.

Mill Employing concentration by Froth Flotation. Mills
employing froth flotation could be divided into two
subcategories of the copper-ore mining and dressing industry
based on. climatic conditions such as: (1) mills located in
areas where net evaporation is less than 76.2 cm (30 in.):
and (2) mills located in areas where net evaporation equals
or exceeds 76.2 cm (30 in.). All facilities currently in
operation in group (2) discharge no wastewater effluent.

Process water from froth flotation cantains large amounts of
suspended, so0lids, which are normally directed to. a large
lagoon to effect settling of these solids. Surface runoff,
such as that resulting from snow melt, heavy-rainfall
events, streams, and drainage, should be conveyed around the
tailing pond, thus preventing runcff water from contacting
process effluents. In this manner, the volume of water
which must be treated or impcunded is reduced.

Mill tailing-pond water may be decanted after sufficient
retention time. One alternative to discharge, and an aid to
reducing the amount of effluent, is to reuse the water in
other facilities as either makeup water or full process
water. Usually, some treatment 1is required for reuse of
this decanted water. Figure VII-9 illustrates the control
of effluent by reuse, as practiced at mill 2124.

The volume of water to be treated in flotation mills can be
effectively reduced, and the quality of the discharge often
substantially improved, by the separation of mine water,
sewage, smelter drainage, refinery wastes, and 1leach bleed
g~lation from <the tailing-pond circuit. It has been
observed that separation of mine water, with subsegquent
treatment and discharge of the mine water only, can allow
mill tailing decant water to be recycled fully. Using
mine/mill 2121 as an example, Figure VII-1l0 was constructed
to illustrate current practice, as well as alternative
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TABLE VII-10. SOLUTION-CONTROL PRACTICE IN VAT LEACHING OF COPPER ORE

r MiLL CONTROL ‘RECYCLE TRﬁATME NT
2102 - 100% recycle None
2116 - 100% recycle None
2124 100% recycle ' None
21286 Zero discharge Spent acid sent to acid plant for
. reuse - .
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Figure V1i-9.

CONTROL OF EFFLUENT THROUGH REUSE OF MILL FLOTAT!ON-

PROCESS WATER IN'OTHER FACILITIES (MINE/MILL 2124)
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Figure VIii-10. REDUCTION IN WASTE POLLUTANT LOAD IN DISCHARGE BY SEPARATION
: OF MINEWATER FROM TAILING POND FOR SEPARATE TREATMENT
(MILL 2121) '

CURRENT LALTEANATIVE
MINE
EFFLUENT - MiLL .
OTHER . PROCESS LIME
WASTES WATER TREATMENT
MILL [
PROCESS TAILING TAILING SETTLING |
{LIMED!
f RECYCLE
DISCHARGE |
| EFFLUENT l@

—

ESTIMATED TOTAL WASTE LOAD DISCHARGED, USING LIME
. PRECIPITATION, AT{®)
Per 24 hours ia kg/day llb/day)

TOTAL WASTE LOAD DISCHARGED AT@
Par 24 hours in kg/day (lb/day)

‘Flow 102.00¢ m3/day (27,000.000 gpd)
pH 8.4°

TSS . §20 (1,364)

O and Grease - M5 tQiJ!

Cu 27 (59.4)

A <8 (<17.6)
Zn S 52 (11.4

Fe 10.3 (22.9)

Cd <2 (€ a4)

N <52 (<114
Hg <0.01 {<0.022)
Po <103 t<22.7)

N

Flow

pH
hE 1
O and Grease
Cu
A
2n
Es
Co
Ni
Hg
P

Raw (No Treatment)

After Treatment

3,800 m3/day
11,000,000 gpd!

7.4°
267 (587)
<4 (<88
488
€0.3 (<066
108 (238
<0.4 (< 0.88
€0.07 (<0.154)
<02 (<044
<0.0005 (<0.00110)
<0.4 (< 0.88)

3.800 m3/dey
{1,000.000 - gpa!

127"
179 (284)
<4 (<88
0.2 (D.44)
<03 (<0.68)
0.4 {0.88)
<04 (<088
<0.02 (< 0.044)
<0.2. (< 0.44)
0.0004 10.00088]
<04 (<088

"
- Yatue in pH unity.
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future practice which would result in a reduction of the
waste loads discharged. ‘

~ Separation of mine water and other wastes from contact with
" mill process water is suggested in all cases where pollutant
load and water volume are factors. Nat only do these waste
waters contribute to the pollutants present in the tailing-
.pond water, but they may dilute the water to be treated or
cause excess water-volume conditions to result which cannot
be handled by recycling. ‘

If sewage plant overflow contributes to the tailing-pond
water volume to the extent that it cannot be accommodated in
recycling, this water should be properly treated and handl ed
separately.

Smelter and refinery wastes often contribute a heavy load of
dissolved metals to tailing ponds. These wastes can affect
the gquality of the decant water, as well as effluent
volumes. It may be necessary to handle wastes from these
sources  separately, ands/or as recommended under +the
appropriate conditions for the Effluent Limitation

Z‘Guidelines*forlthequpper Smelting and Refining Industry.

“The most efficient control of the volume and pollutant dis-
charge of mill flotation-process water is  to recycle the
excess water which would overflow from the tailing-pond
decant area. Of the 27 major copper mills surveyed, 24 .are
known +to be recycling all or a rortion of their process
water. The impetus for recycling has often been the lack of
an adequate water supply. However, the feasibility of
recycling process water appears to have been considered at
all facilities. -

Through the use of diversion ditching, evaporation (when
available), reservoirs, and separation .of other process
- water, the volume of water to be recycled can be adjusted to
allow reuse. Treatment of the recycled water is wusually
required and may include secondary settling, phosphate or
lime addition (for softening), pH adjustment, or aeration.

The majority of copper mills currently operating recycle
their mill process water. Of the remaining facilities that
currently discharge, half are recycling at least 35 percent
of their process water. Treatment of discharged water
consists of settling alkaline wastewater in a tailing pond.
A variety of treatment approaches are currently used 1n this
subcategory, including:
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(1) sSettling Only
(2) Lime Precipitation and Settling.
(3) Lime Precipitation, Settling, Use of
- Polyelectrolytes, and Secondary Settling

One operation is currently building a treatment facilify
which will include 1lime precipitation, = settling, and
aeration. o .

Table VII-1ll shows the reduction of pollutant concentrations
attained in six mills wunder different conditions of
recycling, lime addition, and settling. A wide variation in
gractice 1s used to obtain varying degrees of concentration
for waste constituents present in treated wastewater. It
must be noted that only mills 2120, 2121 and 2122 discharge;
the other three mills are achieving zero discharge through
recycle. wWhen the data was obtained, mill 2120 was'in the
process of ellmlnatlng dlscharges from the mill; ¢t& date
- this facility is achieving approximately 90% recycle. Mill
2122 is not prov1dlng exemplary treatment.

An exemplary demonstration of waste effluent +treatment by
lime precipitation 1is summarized below. 1In this systenm,
three waste streams enter for combined treatment in a
tailing 1lagoon in the ratio shown. Calculations were based
on waterflow volume,

Calculated
: Combined After
{mgs1l) Mill 2120C Levels* Treatment*#* .
Wastewater Sources {(mgs/1) (mg/1}
Parameter (l)=* (2) = (3) * L . '
vVolume ’ . 7 Mean Range
Ratio 4.2 1 16.2 ‘
TSS 4 14 282,000 >282,000 8 © 2=-96
ca 0.33 7.74 - 3.0 2.7 - 0.019 <«0.01-0.04
Cu 92.0 36.0 400 324 0.04 <0.03-0.25
- Pb <0.1 0.1 21 .16 <0.01 <0.01
Zn 172 940 310 300 0.10 0.02~-0.96
Hg 0.0784 0.0009 0.003 ~ '0.015 0.0002 <0.0002-0.0003
Fe 2000 2880 18,800 14,500 0.14 0.06-1.0

Wastewater Source

l - Acid Mine Water

2 - Spent Leach Solution

3 - Mill Tailing
*Contractor Sampling Data
*xCompany and Contractor Data Range
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Additional treatment of wastewater by polyelectrolyte
addition, to reduce suspended solids in tailing-pond
discharge, 1s alsc practiced at one mill. Secondary
settling ponds are used to settle the treated solids prior
to discharge. '

The effectiveness of the use of coagulants (polymers) is
demonstrated in Table VII-12. These data, obtained from a
pilot operation, indicate effective reductions of copper,
iron, and' cobalt, with substantial reductions of aluminum
and’ manganese. '

Recycling of process water from the tailing pond has not
been difficult for most copper mills surveyed employing this
techn;que. : However, treatment of the pond water has been
necessary . for” selected problems.,encountered Potential
problém areas present at these operations include buildup of
scale ‘deposits, .pH changes in the tailing pond or in makeup
water, and presence of flotation reagents in the recycled
water. Effective methods '~ of treatment to alleviate these
conditions are- phosphate treatment’ (softenlng)J for 'scale
control, adjustment of pH.by liming, and the use of aeration
or secondary - settl;ng .ponds to. assist in degradation of
flotation reagents. - - . '

1

Lead and Zinc Ores

A discussion of the treatment. and control . technologies
currently employed in the 1lead . and zinc .ore mining and
dressing industry is included in this section. = Two
sukbcategories are represented: Mines and lead. or zinc
mills. - : :

Mines With Alkaline Drainage Not Exhibit ting Solubilization
of Metals. The operations generally employ treatment by
impoundment in tailing or ‘sedimentation ponds.’ Mine 3105
{producing 1ead/zxnc/copper concentrates) is located in
Missouri.’ = The . mine “recovers galena _(PbS), sphalerite
"(ZnS), and chalcopyrite (CuFes). Production began in 1973,
and the operation was expected to fproduce 997,700 'metric
tons (1,100,000 short tons) of ore in 1974.

The water pumped from this mine is treated by sedimentation
in an 1ll.7-hectare (29-acre) pond. The average mine
drainage flow rate is 8,300 cubic meters (2,190,000 gallons)
per day. The effluent from this basin flows to a nearby
surface stream. The 'chemical characteristics of the
wastewater before and after treatment are presented in Table
VII-13, together with data for nine months of 1974. The

488



TABLE VII-12. EFFICIENCY OF COAGULATION TREATMENT TO REDUCE’
POLLUTANT LOADS IN COMBINED WASTE {INCLUDING
MILL WASTE) PRIOR TO DISCHARGE (PILOT PLANT ~ MILL
‘2122 NOVEMBER 1974)

% EFFICIENCY

POLLUTANT |VASTE LOAD IN INFLUENT TO PROCESS || WASTE LOAD IN EFFLUENT TO DISCHARGE
PARAMETER kg/ 1000 metric tons tn/ 1000 gal kgl‘lOpD mol{n:'lom b/ 1000 gal IN REMOVAL
Flow’ 75,134 msldov 19,850,400 gpd 75,198 mgldlv - 19.866.240 god -
pH 7.5° 7.5* 9.0° ‘ 9.0 -

TOS 3,500 s 3,900 7 -
1SS 10 0.02 14 0.02 -

Al 2.3 0.004 <1 < 6.002 >57%

As 02 00003 || " os 4 o002 -
ca < 0.05 " < 0.00009 <008 © < 0.00008 -

Cu -1 T T I 0.002 90%

Fo 120 0.21 7 0.001 > 99%

Po 33 0:006 28 0.005 15%

Mn 0.4 . 0.0007 0 0.0002 . 7%

Hg 0.0001 “'oo000007 | " 00003, . " 0.0000005 -

N <or <doooz.. S o<or L < 0.0002 -

Co 98 RN X7 es . 0.002 30%

Zn <aos ‘< o.00009 <o0s . < 0.00009 -

‘Vélue in pH units

3
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TABLE Vll 13. CHEMICAL COMPOSITIONS OF RAW AND TREATED MINEWATERS

FROM MINE 3105 (HISTORICAL DATA PRESENTED FOR COMPARISON)

’ CONCENTRATION {mg/?)

PARAMETER RAW MINE DISCHARGE (HISTORICAL)Y
DRAINAGE' DISCHARGE* AVERAGE RANGE

pH 7.4%* 8.1=* 7.8** 7.4** to B.1**

Alkalinity 196.0 162.0 - -

Hardness 330.4° 173.2 - -

TSS 138 <2 34 <1t$

TDS 326 204 - -

coD <10 <10 - -

TOC < 1.0 3.0 - T

Oil and Grease 29.0 17.0 1.9 <1to5b

P 0.030 0.032 - -

Ammonia < 0.05 <0.05 - -

Hg 0.0001 < 0.0001 - .-

Pb 0.3 0.1 ' 0.050 0.0111t00.12

Zn 0.03 < 0.02 0.032 0.008 t0 0.11

Cu <0.02 < 0.02 < 0.005 <0.050 to 0.070

Cd < 0.002 0.005 < 0.005 {<0.005)

Cr < 0.02 < 0.02 - -

Mn’ <0.02 0.35 - -

Fe < 0.02 0.11 0.086 0.033 to 0.2

Sulfate ' 63.5 45.5 - -

Chicride 57 . 44.5 - -

Fluoride 1.2 1.0 - -

*Analysis of single 4-hour composi'ta samplei

chntth analysis over January 1974 through September 1974
**Value in pH units
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treatment sequence is as follows: mine pumping, followed by
clarification basin, followed by discharge (8,300 cubic
meters (2,190,000 gallons) ©per day). Relatively simple
treatment employed for mine waters exhibiting chemical
characteristics  similar to mine 3105 can result in
attainment of low discharge levels for most constituents.
Reduction of parameters such as total dissolved solids, oil
and grease, chloride, sulfate, lead, and zinc--as well.
excellent reduction of total suspended-solld concentratlons-
-is obtained by this treatment method.

Mine Drainage (Acid or Alkaline) Exhibiting Solubilization
of Metals. The characteristics of wastewater from these
mines are such that treatment must be applied to prevent the
discharge o©f soluble metals, as well as suspended solids.
The treatment practice, as currently ‘employed,  .involves
chemical (often, lime) precipitation and sedimentation.

"Mine wastewaters are often treated by discharge into a pond
or basin in which the pH is controlled. An approach often
used is to discharge the mine wastewater into a mill tailing
pond, where wastewater 1is treated at a pH range which causes
the precipitation of the heavy metals - as insoluble
hydroxides.: The presence of residual solids from the
milling process 1is thought to praovide nucleation sites for
the precipitation of the hydroxides. 1In cases where ferrous
iron is present, it is desirable to cause the oxidation to
the ferric form and, thus, to avoid the potential for acid
formation by processes similar to the reactions forming acid
mine drainage. Vigorous aeration <¢f the wastewater c¢an
accomplish oxidation, wusually after addition of the pH-
adjusting agent, ‘

The treatment process described is similar to the type of pH
control, and subsequent physical  treatment, usually
associated with froth-flotation recovery of sulfides of
lead, zinc, and copper (which is followed by sedimentation
of the tailings). The milling process -itself is, therefore,
an analog for a process of treating mine wastes in this
subcategory.

Mlne 3101 is an underground mine, located$ in Malne. The
mine recovers sphalerite and the byproducts chalcopyrlte,
zalen2, and pyrite which are present in the formation. The
mine began production 1972 and produced 208,610 metric tons
(230,000 short tons) of ore in 1973.

The water pumped from the mine, 950 c¢ubic meters (250,000
gallons) per day, is treated by mixing it with mill tailing
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discharge, plus additional lime as required for pH control,
in a reservoir with a capacity of 37.85 cubic meters (10,000
gallons). The comtined waste is then pumped to a 25-hectare
(62-acre) tailing pond. The discharge from the tailing pond
is sent to an auxiliary pond. The combined retention time
in the two ponds is 35 days at maximum flow. Water is
recycled for the process from the auxiliary pond, and the
excess is discharged. The chemical characteristics of the
mine - water and thé final discharge, treated in the above
manner, are given in Table VII-14. ' A

A pilot treatment plant has been operated at a mill 1located
in New Brunswick, Canada to develop and demonstrate rew ar<i
existing technology for the removal of heavy metals from
'base metal mining effluents. . Three mine waters,
characterized as strong, weak and mcderately strong, have
been evaluated and the results published (Reference 71).

-The -pilot plant design included prov1510ns for two-stage
limeé additions, flocculation, clarification, filtration, .and
“sludge recycle. The preliminary conclusion (Reference 71)
is' that the optimum treatment configuration for the three
mine waters consists of a once-through operation using
polymer and two-stage neuvtralization (precipitation). Two-
..stage neutralization was chosen rather than single-stage,
even though results demonstrated they are equivalent, as the
former is thought.. to be better able to respond to
neutralization load changes. ‘ .

The mine water characteristics and attainable metal effluent
concentratlons are given 1n Table VII-15.

Lead and/cr Zinc Mills. As discussed. in .Section V, the
wastewater from lead/zinc flotation mills differs from mine
water ‘in that a number of reagents are’ added to effect the
separation of the desired mineral or minerals from the host
rock. These waste streams also contain finely ground rock,
as well as minerals, as a result of ‘grinding to allow
liberation of the desired minerals during the froth-
flotation process.

The most common treatment method in use in the leads/zinc-
milling industry is the tailing or sedimentation pond.
Often considered a simple method of treatment, properly
designed tailing ponds perform a number of important
functions simultaneously. Some 0f these functions include
removal of tailing solids by sedimentation, formation of
metal precipitates, long-term retention of settled tailings
and precipitates, stabilization of oxidizable constituents,
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| TABLE VI1-14. CHEMICAL COMPOSITION OF RAW AND TREATED MINEWATER FROM

MINE 3101
CONCENTRATION (mg/ { )
TREATED DISCHARGE
PARAMETER ( cgﬁfa'i'é"%%ﬁ"m; (COMPANY MONITORING DATAT)
' MEAN . RANGE

pH 7.0 8.0 7110 108

TSS 1047 10tf -

cd 0.08 0.005 < 0.001 to 0.024

Cu 2.1 0.019 0.002 10 0.133

Pb 1.9 0.024 10.004 10 0.16

Zn 22.9 0.13 0.03 10 0.466

Cr 0.012 0.007 < 0,002 10 0.038

Fe 22.0 0.30 0.026 to 1.498

Mn 1.7 0.066 0.004 10 0.266

* Average of six 24&-hour composite samples. -

i For periocd October 1974 through September 1975. Mean values are averages of monthly ﬁaaan data; range’s

lowest monthly average and highest single-day concentrations observed. °

" **Value in pH units.

" Erom NPDES Permit Application data._‘
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and balancing of influent-water quality and quantity of
flow. .

In the leadrszinc-ore milling industry, a biological
treatment method, used in conjunction with stream meanders,
was observed at one location, This treatment method has
been describted in the previous discussion in this section.

The ability to recycle the water in lead/zinc flotation
mills is affected by the buildup of complex chemical
compounds (which may hinder extraction metallurgy) and
sulfates (which may cause operating rroblems associated with
gypsum deposits). One solution to these problems is a
cascade pond system. There, the reclaimed water from
thickeners, filters, and tailing ponds may be matched with
the requirements for each point of the circuit (Reference
72). .

In another study (Reference 73), the many operational
problems associated with the recycling of mill water are
described in detail. The researchers have observed that
recycling at the operations studied had not caused any
unsolvable metallurgical problems and, in fact, 1indicate
that there are some economic benefits to be gained through
decreasing the amounts of flotation reagents required.

Mill 3103 is 1l1located in Missouri and recovered galena,
sphalerite, and chalcopyrite from 846,000 metric tons
(934,000 short tons) of ore in 1973, ’

The mill utilizes koth mine water and water recycled from
the tailing pond as feed water. The concentrator discharges
9,500 cubic meters (2,150,000 gallons) per day of tailing
slurry to its treatment facility. The treatment facility
utilizes a 42.5-hectare (l05~-acre) tailing pond with esti-
mated retention of 72 days, a small stilling pond at the
base of the tailing-pond dam, and a shallow 6.l-hectare (15-
acre) polishing pond before discharge. A schematic diagram
of average daily water flows for the facility is given in
Figure VII-11. Effluent chemical composition and waste load
discharged at mill 3103 using the akbove treatment are given
in Table VII-1l6. '

¥ill 2172 is located in Missouri. This mill processed
approximately 1,450,000 metric tons (1,600,000 short tons)
of ore in 1973. Galena and sphalerite are recovered as
concentrates at this operation. '
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Figure VII-11. SCHEMATIC DIAGRAM OF WATER FLOWS AND TREATMENT

FACILITIES AT MILL 3103

MINE

7,570 m3/day
{2,000,000 gpd)

O+
WATER—®= oMmETER

15,150-m> (4,000,000-gal)

- RESERVOIR
RECYCLE T0
WATER MILL p——— CONCENTRATES ™ <TOCKPILE
3 37.9 m3/d
‘ 5,500 m~/day “0'00"6 a’y
2785 mIday (2,500,000 gpd) 000 gpd
(1,000,000 gpd)
TAILING POND RAIN
, 1,515 m>/day
o : {400,000 gpd)
EVAPORATION
AND
SEEPAGE
} h
' < { stiLLING POND
ast 1,160 m3/day
{est 300,000 gpd)
\ -t RAIN
est 3,785 m3/day
{est 1,000,000 gpd)
POLISHING POND
“ 7

10,100 m3/day
{2,600,000 gpd)

DISCHARGE
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TABLE VII-16. CHEMICAL COMPOSITION AND WASTE LOAD OF TREATED
' “MILL WASTEWATER AT MILL 3103 '

»

CONCENTRATION {mg/ ) EFFLUENT WASTE LOAD par unit ors milled
PARAMETER I THISPROGRAM® | HISTORICAL'| Wg/1000 metric tons | fb/1000 short tors
pH. 7.8 79" - -
TsS - 1.4 40 80
coo 726 - 1,700 3,400
Oil and grease ‘3.0 - 7 14
Cysnide <0.01 N/A 0.024 . | 0.048 .
Hg < 0.0001 - 0.00024 . < 0.00048
Pb 0.1 0.028 024 0.48
zn 007 ' 0.045 0.168 0.336
Cu .<0.02 0.006 < 0.048 <0098
cd < 0.002 < 0.001 < 0.005 - < 0.010
Cr < 0.02 0.001 < 0.048 <0.096
Mn 0.05 0074 0.12 0.024
Total Fe 0.09 0.032 0282 0.564

o ’Dau basad on 4-hour composits samples

Dlu avorag- over period .hnuary throuqh October 1974

**Vaiue in pH units .-
N/A = Not Aveilable . .
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The mill utilizes mine water exclusively as feed. It
discharges 15,150 cubkic meters (4,000,000 gallons) per day
of tailing slurry to a large tailing pond. This pond also
receives about 3,785 cubic meters (1,000,000 gallons) per
day of excess mine water and another 3,785 cubic meters
(1,000,000 gallons) per day of surface-drainage water. This
tailing pond presently occupies 32.4 hectares (80 acres) and-
will occupy 162 hectares - (400 acres) when completed to
design. The tailing-pond decant water is discharged to a
small stilling pool and then enters a meander system, where
biological treatment occurs. An additional sedimentation
basin of approximately 6.1 hectares (15 acres), for removal
Fv sedimentation of any algae which breaks loose from «he
meander system, has been constructed near +the end of the
- meander system for wuse just before final discharge. A
schematic diagram of the mill operation and the treatment
facility is presented in Figure VII-1Z.

Water characteristics for the effluent from the mill, the
overflow from the tailing pond, and the final discharge
treated utilizing the above technology are presented in
Table VII-17. :

Mill 3105 is located in Missouri and recovered galena, spha-
lerite, and chalcopyrite from an estimated 997,000 metric
tons (1,100,000 short tons) of ore in 1974.

This mill utilizes water recycled from its tailing-pond
system and makeup water from its mine as feed water. The
mill discharges 7,910 cubic meters (2,090,000 gallons) per
day of wastes to a ll,8-hectare (29-acre) tailing pond. The
decant from this pond is pumped to an 7.3-hectare (l8-acre)
reservoir, which 'also receives the required makeup water
from the mine. The mill draws all its feed water from this
reservoir. No discharge occurs from the mill.

A schematic diagram of the water flows and treatment
facilities is presented in Figure VII-13,

Mill 3101 is located in Maine and recovered sphalerite and
chalcopyrite from 208,000 metric tons (230,000 short tons)
of ore in 1973.

This mill utilizes only water recycled from its treatment
facilities as feed water. The mill discharges to a mixing
tank, where mine water is treated by chemical precipitation
that is achieved by combining with the tailing slurrxy and
liming as required. This combined waste is introduced into
a tailing pond, which discharges to an auxiliary pond. The
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Flgure VII-12. SCHEMATIC DIAGRAM OF WATER FLOW AND TREATMENT
FACILITIES AT MILL 3102 {TAILING POND/STILLING POND/
BIOLOGICAL TREATMENT/POLISHING POND)

MINE

| 22.750 m3/day

(6,000,000 gpd)
: TANK
% TO ATMOSPHERE |
, 15,150 m3/day
(4,000,000 gpd) 3
‘ 7,560 m~/day
(2,000,000 gpd|
" EVAPORATION -1 ML

RUNQFF
- FROM TAILING POND
RAIN

STILLING POND

22,300 m3/day
(5,900,000 gpd}

STREAM MEANDERS
POLISHING POND

STREAM MEANDERS

34100 malday
{9.000,000 gpd)

NATURAL
9.100 m3/day SPRING

{2,400.000 gpd)

DISCHARGE
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TABLE VII-17. CHEMICAL COMPOSITION AND WASTE LOADING FOR RAW AND
TREATED MILL WASTEWATER FROM MILL 3102

TAILINGPOND DECANT

FiINaL DISCHARGE

PARAMETER WASTE LOAD CONCENTRATION WASTE LOAD
CONCENTRATION por uni ore millad tmg/ ) por unit ars mlled
(ma/21* /1000 mevic tore | 1671600 short tom | THIS T g yomcay ! | 41000 metne tom /1000 ihant toms
e 78 - - 26°° Tgee - -
S8 16 164 928 8 2 73 "
cop 5818 1,600 3.200 19 - % 196
O+l and Gresse 8.0 174 48 10 - 25 s0
Cyamas <001 <0.029 < 0.058, <o <001 0082 c0.11a
Hg < 0.0001 <0.0003 < 0.0006 < 0.0001 - < 0.0003 < 00006
P 035 1 2 <ot 0.007 0.1s 080
n az9 004 1.68 004 0.005 o1, 0.2
cu <0.02 <0.058 <0.116 <0.02 0.001 <005 <a
ca 0.602 0.0058 < 00118 0005 <0.001 < 0.011 <002
Cr <0.02 < 0.058 <0.178 <0.02 - < 0.058 0116
Mo oz < am 2182 018 - 04 08
Tow! Fe 0.18 0.484 0.928 013 a.003 0.328 0.65 ]

*Data based an 4-hour componte lampies

'Dlll avarsge over period Janusry 1hrough September 19748

ey elye in pH unily
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Figure VI{-13. SCHEMATIC DIAGRAM OF WATER FLOW AND TREATMENT
FACILITIES AT MILL 3105 :

MINE

- 10,900 m3/day , L e e
(2,880,000 gpd) | R BT
7.3-hectare
{18-acre)

2,615 m3/day RESERVOIR
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/8,300 m3/day ‘ Lo g
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. (2,090,000 gpd) _
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'. | ' ‘ . 7‘ .
MINE-WATER : ! Pb ot
TREATMENT ,
MILL e Cu et
8,300 m3/day .
(2,190,000 gpd) ' - = Zn ¥
TAILINGS
DISCHARGE - (35% souusl
5,510 m3/day
{1,460,000 gpd)
———
2,380 m3/day
7,900 m3/day {630,000 gpd)
(2,090,000 gpd)
TAILING
LAGOON
RECYCLE
5,300 majday
{1,400,000 gpd)
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combined retention time in the tw¢ rponds is 35 days at
maximum flow. A schematic diagram of the mill-water circuit
is shown 1in Figure VII-14., The separate treatment of mine
water and surface runoff would allow this operation to
achieve total recycle. Discharge data for this minesmill
complex were presented as mine discharge for mine 3101
earlier in this section. - ‘

Mill 3108 is located in Idaho and recovers sphalerite,
galena, and tetrahedrite from approximately 158,725 metric
tons (175,000 short tons) of ore per year. -

At this facility, the coarse tailings fraction is mixed wi-®
cement and used for backfilling stopes in the mine. Mine
water, including mill wastewater delivered with the sand
backfill, 1is combined with the mill tailings stream, and
flocculant is added prior to settling in the mill tailing
pond (for approximately 72 hours) and discharge.
Alkalinity, for precipitation of heavy metals, is currently
derived from cement added to mine backfill and from reagent
use in the milling process. Wastewater flow and treatment
practices are illustrated in Figure VII-15, while effluent
characteristics are shown in Table VII-18.

Gold Ores
The discussion that follows describes treatment and control

technology in current use in the gold-ore mining and
dressing industry. Aaspects of treatment and control which

are unique to the gold-ore category are described, in

addition.

Mining Operations. Wastewater treatment at mining

operations in the gold-ore mining industry consists of three
options as currently practiced in the U.S.: (1) Direct
discharge without treatment; (2) Incorporation of mine water
into a mill processwater circuit; and (3) Impoundment and
discharge. Impoundment of mine water without discharge may
ke currently practiced at locations in arid regions, due to
evaporation. ‘ : '

Wastewater emanating from placer mining operations consists
primarily of water used in a gravity separation process.
Recovery of placer gold by physical methods involves no
crushing, grinding, or chemical-reagent usage. AsS a result,
the only waste parameters requiring treatment for removal
are. the suspended andsor settleable solids generated during
washing (i.e., sluicing, tabbing, etc.) operations. Current
best treatment practice in this segment of the industry is
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Figu’re' VIl-14. SCHEMATIC DIAGRAM OF TREATMENT FACILITIES AT MILL 3101
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Figure VI1-15. SCHEMATIC DIAGRAM OF WATER FLOW AND TFIEATMENT FACILITIES

AT MINE/MILL 3108
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TABLE V1{-18. CHEMICAL COMPOSITION OF MILL WASTEWATER FOR MILL 3108

CONCENTRATION (mg/? )’

PARAMETER

7.9
125,000
15
9.0
560
182

RAW WASTEWATER*

TREATED WASTEWATER'
7.5 66 TO g.1°°
24 08 TO134
0.002 0.0008 TO 0.004
0.01 0.003 TO 0.022
0.00036 0.00008 TO  0.0011
0.242 0.095 TO 048
0.118 0051 TO 0.210

" *For 24-hour compaosite verification sample,

1'From company monitoring data for period November 1974 tHrough March 1976, Mean values
are averages of monthly mean data; range is lowest monthiy average and highest single-day con-

centrations observed.
**Value in pH units,.

505



use of a. dredge pond or a sedimentation pond for solids
settling or, in some instances, discharge of wastewater
across o©ld tailings t¢ achieve a filtering effect. The
waste-load reductions achieved by selected placer mining
operations employing this technclogy are presented in Table
Vii-19. ‘

Technigqgues used for the control of suspended and settleable
solids discharged from placer mining. operations, regardless
¢f size, are not being employed on a major sScale at present.
The termination of mining operations, even with treatment
facilities, does not eliminate water-quality degradation,
kowever, because most operations which use impoundment
usually construct the settling or tailing pond adjacent o
the stream being worked. With erosion taking place
continuously, these facilities are seldom permanent.

Mining operations exploiting lode ores which discharge mine
water from open-pit or underground operations typically:
either discharge directly to a receiving stream, provide
process water for a mill circuit, or discharge wastewater to -
a mill tailing pond. Examples are underground mines 4102
and #4103 (which dlscharge directly to streams) and mine 4105
(the discharge of which is used as makeup water in a mill).
Discharge from underground mine 4104 is impounded; however,
seepage from the impoundment pond travels underground to a
nearby stream. At present, no discharge of water from open-
pit mine 4101 is necessary, since no seepage into the pit
occurs. The small amcunt of grecipitation and runoff
entering the pit is simply allowed to evaporate.

Milling Operations. ~ In~plant control  techniques and
processes used by the gold milling industry are processes
which were designed essentially for reagent conservation.
These processes are the reagent circuits . indicated in the
process diagrams of Flgures ITI-9 and III-10.

In the cyanidation process used at mills 4101, 4104, and
4105, gold is precipitated, from pregnant cyanide-leach
solutions with zinc dust. The precipitate is collected in a
filter press, and the weak, gold-barren cyanide solution
which remains is recycled back to the leaching circuit.
This solution may be used as a final weak leach, or <the
solution may be returned to its initial concentration with
the addition of fresh cyanide and used as a strong. leach.
In  these procésses, recycling of cyanide reagent effects an.
estlmated 33- to 63-percent saving of this reagent. Loss of
cyanlde from the mill ecircuit is primarily through retention
in the mill tailings. Recycling of ' cyanide reduces the
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quantity of cyanide .-used and also reduces the amount of
reagent present in effluent from discharging mills.-

In a similar manner, mercury is +typically recycled in
amalgamation, processes. Currently, amalgamation is
practiced at only ¢one milling operation (mill  4102). This
mill uses a barrel amalgamation process to recover gold. At
this mill, the gold is separated from the amalgam in a high-
pressure press, and the mercury is returned +to the
amalgamator for reuse. Some mercury is lost from this
circuit--primarily, through retention in the mill. talllngs.u

Ultimate recovery or removal of mercury frOm +he wa**o
stream of a mill presents an extremely difficult task. To
do so requires removing a small cancentration of mercury,
usually from a large volume of water. Advanced  waste
treatment methods, such as ion exchange, might: achieve- as
much as 99 .percent removal, but the expense for treating
large volumes of water would be high. Primarily as a result
of +this, and in 1light of recent stringent regulation of
mercury in effluents, the gold milling industry has nbeen
taking advantage of the process flexibility available to it
and has, for +the most part, replaced amalgamation;: with
cyanidation. processes “for gold recovery. - This  process
flexibility is the best contrcl currently being practiced by
the industry for mlnlmlzlng or. eliminating mercury waste -
loading. : : S : :

‘The primary wastes - emanating from -a gold -mill are the
slurried ore solids. For this reason, mill -effluents are
typically - treated in tailing .ponds, whlch -are des;gned
primarily to provide for the settling and collection of the
suspended solids in the mill tailings. In most cases, these
operations discharge .from tailing ponds, .and ¢the usual
practice is to decant the water from the top of the pond at
a point where. maximum clarification has.been attained. 1In
some facxlltles, two or more.ponds are connected in series,
and wastewater is decanted from .one to- another before final
discharge. .- :

Although the structure, design, and methods of -poending = may
vary somewhat in accordance with local topography and volume
of wastewater, the desired goal is the same--to achleve
maximum settling .and retention of SOlldS. e =
To 1llustrate - the. effectiveness .of .settling . ponds ..-as
treatment systems- in the- gold-ore..milling-.industry, the
discussion which follows outlines an ..operation . -which

CoCE
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recovers gold and other metals and treats wastewater by use
of a tailing pond. :

Mill 4102 is located in Colorado. This mill beneficiates
ore containing sulfides of 1lead, zinc, and copper, in
addition to native gold and silver. During 1973, 163,260
metric tons (186,000 short tons) of ore were milled to
produce lead/copper and zinc concentrates by flotation and
gold by amalgamation. '

Makeup water for the mill circuit is drawn from a nearby
creek. This water i1s introduced into the grinding circuit
for transportation and flotation of +the ore. Prior to
entering the flotation circuit, the ground ore is jigged to
produce a gravity concentrate. This concentrate contains
most of the gold, which is recovered by amalgamatiom. After
amalgamation, the jig concentrate is fed into the flotation
circuit, because some lead is contained in the material.

Mill tailings are discharged to a tailing pond at a rate of
2,290 cubic meters (600,000 gallons) per day. Decant from
this ° pond flows to a smaller polishing pond prior to final
discharge to & stream. The tailing pond and the ©polishing
pond have a total area of 18.2 hectares (45 acres).

- Table VII-20 presents the chemical composition of mill water
and raw and treated waste load for mill 4102, which
practices amalgamation for gold and froth flotation for
sulfide minerals. These data indicate that removal of
selected metals is achieved ¢to a dJdegree; however, the
treatment is most efficient in the removal of suspended
solids. '

Mill 4101 is located in Nevada. This mill recovers gold
occurring as native geld in a siltstone host rock which is
mined fram an open pit. Schuetteite (HgSOU4.2HgO) also
occurs in the ore body, and mercury 1is recovered as a
byproduct during furnacing of the gold concentrate. Ore
milled during 1973 +totaled 750,089 metric tons (827,000
short tons). This figure normally is 770,950 metric tons
(850,000 short tons) but was lower than usual due to a 20-
day labor strike.

This mill employs complete recycle of the tailing-pord
decant. However, due to consumgtive losses, some makeup
water is required, and this water is pumped to the mill from
a well. Water is introduced into the grinding 'circuit for
transportation and processing cf - the ore by the
agitation/cyanidation-leach method.
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TABLE VI1-20. WASTE COMPOSITIONS AND RAW AND TREATED WASTE LOADS

ACHIEVED AT MILL 4102 BY TAILING-POND TREATMENT

&

[ MILL WASTEWATER TAILING POND EFFLUENT |
PARAmMETER CONCENTRATION “;."u':ﬁif.‘.i.ﬁl" CONCENTRATION TREATED WASTE LOAD !
(mgi i) g/ 1000 matric 1ars | Ib/100C short toms Img/L) g/ 1000 maerrx tom | AB/10D0 shont |;|_l—11
| o ay' - - 10.0° - -
| Tss 495000 2,871,000 5,742,000 [ 20 40,
coo 142 B 132 12.85 k! "0
Ol and Greass 1 58 i 116 1 [ ] ) l?
cd <002 <g.12 <D.24 <0.02 <01 cor
cr | <0.02 <012 w <0.24 0.08 0.1 0B
" Cu ‘[ 0.01 Q.17 i 0.34 1.2 ? 1
| TotatFe J 10 6 2 15 . 9 !
Ph | <01 . <06 <12 <0 - <D <12
Tatsl Mn 8.25 49 98 6.37. . .40 Bo,
Ha 0.0014 . . .0.008 Q.018. ;L0011 , 0006 o012
) 13 15 180 005 0.3 " 06"

*Valusin pH unins

T ncusiry dets  monthly auerdg ovar period November 1973 thraugh Novambaer 1974

510



Mill tailings are discharged at a rate of 2,305 cubic meters
(603,840 gallons) per day to a 37-hectare (92-acre) tailing
pond. Approximately 1,227 cubic meters (321,500 gallons)
per day of tailing-pond decant are pumped back to the mill
from a reclaim sump. No discharge from this operation
results. Potential slime problems in the mill circuit are
controlled through adjustment of the pH to 11.7 and by use
of Separan flocculant in the circuit.

Table VII—21 gives the results of chemical analysis of mill
effluent and tailing-pond decant water after treatment. No
waste 1loadings are given, since no discharge results.
Samples were obtained from this facility to determine the
effectiveness of treatment, even though the mill has no
' discharge. Note, however, that this mill has an alkaline-
chlorination unit available for use in c¢yanide destruction
should emergency conditions require a discharge.

Data from both mills indicate that dissolved heavy metals
are removed to some degree in the tailing pond, but more
effective technology is required for removal of these waste
. constituents. Although such technology is not currently
used in the gold mining and dressing industry, it is
currently ‘available and in general use in other segments of
the mining and dressing industry. This technology also has
--special application to mine discharges, as - they usually
contain relatively high dissolved-metal loads. This
technology will also be applicable to those situations where
sufficient reduction of metals and cyanide in tailing-pond
effluents is not being achieved.

Conventional treatment availablelfor dissolwved héavy metals
generally involves:

(1) Coagulation and sedimentation employing alum, iron
salts, polyelectrolytes, and others.

(2) Precipitation with lime, soda ash, or sulfides.

These treatment technologies have been previously discussed
in this section. Treatment by these methods is not necrmally
practiced in this industry category. However, where metal
mining wastes are treated, the most common means used is to
discharge +to a tailing pond, in which an alkaline [pZ is
maintained by lime or other reagents.  Heavy-metal ions are
precipitated at elevated pH; these ions are then settled
out, together with suspended solids, and maintained in
tailing ponds.
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TABLE VII-21. CHEMICAL COMPOSITIONS O‘F MILL WASTEWATER AND

TAILING-POND DECANT WATER AT MILL 4101 (NO
RESULTANT DISCHARGE)

!

CONCENTRATION (mg/ . )

PARAMETER
MILL WASTEWATER TAILING-POND DECANT |

pH 12.26" 11.29°

TSS 545,000 12

Turbidity (JTU) 6.70 1.0

TOS 4536 4,194

cop a3 43

Qil and Grease <1 <1

Cyanide 5.06 5.50

As 0.05 0.04

Cd ' 0.10 0.02

Cr 0.06 0.03

Cu 1017 0.13

Total Fe <05 <05

Pb < 0.1 < 0.1

Total Mn 0.02 10.90

Hg - 0.152

Zn 3.1 2.5

*Value in-pH units.
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Mercury presents a special problem for control, due to its
potential for conversion in the environment +to its highly
toxic ‘methyl-mercury form. The amalgamation process still
finds some wuse in the gold milling industry, and, in
addition, this metal sometimes occurs with gold in nature.
Although mercury will precipitate as the hydroxide, the
sulfide is much more insoluble. It is expected that, where
dissolved mercury occurs in mine or mill wastes, it will be
treated for removal by sulfide addition. This reaction
requires alkaline conditions to prevent the loss of sulfide
ion from solution as H2S. Theoretical considerations of
sclubility product and dissociation equilibria suggest that,
at a pH of 8 to 9, mercury ion will be precipitated from
solution to a concentration of less than 10 exp(-41) g-/1.
In practice, it 1s not 1likely that +this 1level can ke
achieved. However, by optimizing conditions for sulfide
precipitation, mercury should be remcved to a concentration
of less than 0.1 microgram/liter (0.1l ppk).

The conditions under which 1lime precipitation of heavy
metals is achieved must take into consideration auxiliary
factors. -As indicated, the most important of these factors
is pH. The minimum solubility of each metal hydroxide
occurs at a specific pH; therefore, optimum precipitation of
particular metals dictates regulation and control of pH.
When more than one metal is to be precipitated, the pH must
necessarily . be compromised - to cbtain the = maximum
coprecipitation achievable for the given metals.

Another factor which must be considered is the oxidation
state(s) cf the metal or metals to be treated. For example,
As(+5) is much more amenable to chemical treatment than is
As(+3). In addition, cyano-metallic or organo-metallic com-
plexes are generally much more difficult to remove by
chemical <treatment than are free metal ions. Where these
factors impede chemical treatment, prior oxidation of the
waste stream can be employed to destroy the metal complexes
and oxidize metal ions to a form more amenable to chemical
treatment. This oxidation may be achieved by aeration of
the waste stream or by the additicn c¢f chlorine or ozone.

To achieve high clarification and removal of solids and
chemically treated metals, it is essential to provide good
sedimentation conditions in the tailing pond. Typically,
this 1is done in the industry by designing tailing ponds to
provide adeguate retention time for the settling of solids
and metal precipitates. Specification of a recommended
retention time for traditional tailing-pond design is
problematical, because the influence of pond geometry,
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inlet/cutlet details, and other factors that ensure even
distribution and an  aksence of short-circuiting are of
greater importance than the thecoretical retention provided.
A design retention time of 30 days, based on the average
flow to be treated, is often specified and is appropriate if
short-circuiting due to turbulence or stratification does
not occur. The use of a two-cell pond is recommended to
increase control and reliability of the sedimentation
process.

In some cases, suspended solids or metal precipitates may
retain surface charges or colloidal properties and resist
se+ttling. These solids and colloids can be treated for
removal by the addition of coagulating agents, which either
flocculate or act to neutralize or insulate surface.charges
and cause the suspended solids and colloids to coagulate and
settle. These agents may be such flocculants as alum
(Al2(s04)3) or iron salts, or such coagulants as clays,
silica, or polyelectrolytes.

Cyanide destruction has been previously discussed in this
section. The technology for oxidation and destruction of
cyanide is well-known and currently available. Where dis-
charges of cyanide have the potential to enter the
environment, complete destruction prior to : discharge is
recommended.

Technology For Achieving No Discharge of  Pollutants.
Elimination of point discharges is currently being achieved
in the industry by +two slightly different technologies:
impoundment and recycle. Where impoundment 1is wused, the
mill tailings are simply discharged to a pond and retained
there. Recycling exists where tailing-pond water is
decanted and returned to the mill for reuse. A mill or
mine/mill complex is potentially capable of employing either
of these technologies, whereas a mine alone may only be able
to make use of impoundment.

The feasibility of impoundment is dependent on the overall
water balance of the location of the minesmill*'s mine or
mill. In arid regions, the impoundment of <tailings 1is a
feasible alternative to discharging and is, in fact, being
practiced. :

Where recycle systems are employed, the design: must also
take water balance into consideration.. In those areas where
precipitation exceeds evaporation during .all or part of the
year, some system to divert runoff away from the tailing
pond 1is required to keep excess water in the pond to a
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minimum. Also, where heavy rainfalls periodically occur,
tailing ponds must be designed to hold the excess water
accumulated during these periods. A mine/mill complex may
find it necessary to segregate the mine and mill effluents
to further relieve the recycle system of excess water. In
such cases, ' it is expected that the mine effluents will be
treated by the chemical methods discussed previously and
then discharged. : ' '

To some extent, a mill may depend on inherent loss of water
from the system to maintain a balanced recycle system.
These losses include any or &ll of the following:

(1) Consumptive losses in the milling process (i.e.,
retention ¢of mositure in the concentrate, etc.):

- {2) FRetention of moisture by the talllng solids in the
tailing pond; '

(3) Evaporation;

(4) Seepage and percolatlon of water from the tailing
pond. : S :

The extent of these losses 1is ' dependent on a number of
factors, namely:

(1) Milling process employed;

(2)° Evaporation rate {(function of ¢limate and
- " topography) ; : -

(3) ' Type of material used to “construct the tailing
“ pond;
(4) Characteristics of tailing solids;
(5) Characterlstlcs of so0il underlying the tailing
Co pond R -
~(6) - Use of liners,: diversion ditches, and other
'+ -methods. - T ' : o =
Given the present state of technology available ané the
demonstrated 'status of recycle within the gold milling

industry, the maintenance o¢f a balanced recycle system is
technologically feasible. . SR - g
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The feasibility of a recycle system must also consider the
effects of the reclaim water upon the mill circuit. For
example, it has been indicated previously that reclaiming
cyanidationprocess water could result in a less of gold
should this water be introduced at the ore-grinding stage.

In the Province of Ontario, it has been found that the level
of cyanide in the tailing-pond decant from active minesmill
operations approximates 0.02 to 0.5 percent of total cyanide
mill additions (Reference 64). However, data indicate that
the concentration of cyanide 1in tailing-pond decant may
build up if the decant is being reclaimed. If this occurs,
the alkaline-chlorination method can be wused for cyanide
destruction. Complete destructicn of cyanide - can ‘be
~achieved by excess addition (8.5:1) of chlorine. Cn this
basis, the recycling of cyanidation-process water 1is
considered technologically feasible.

Recycling and zZero discharge are currently - being
accomplished at mill 4101, which is milling gold by the
cyanide/agitationleach process (Figure IIXI-10). The overall -
water balance for this mill has been presented in Figure V-
22. . Treatment efficiency data for this mill, presented in
Table VII-21, indicate a buildup of dissolved solids and
cyanide in the reclaim water. However, no loss in percent
recovery as a result of recycling has been reported by this
mill. In addition, the recovery rate for this mill does not
differ from that of cyanidation mill 4105, which does not
recycle process water.

Silver Ores

The discussion which follows describes treatment and control
technoleogy c¢urrently employed in the silver-ore: mining and
dressing industry. Aspects of treatment -.and control
pertaining to the silver-ore category. are described.

Mining Operations. - Wastewater treatment at silver mining
operations primarily consists of discharge of wastewater. to
a mill tailing pond, or direct discharge without treatment.
Mining of silver ores primarily exrloits the  sulfide
minerals tetrahedrite ((Cu, Fe, i2n, Ag) 12sb4s13) . and
argentite (Ag2S)  and  native silver. Native silver often
occurs with gold, copper, lead, and zinc minerals. Little

water use is encountered in silver-ore mining,; with the
exception of dredglng, where silver is recovered as a -.minor
byproduct. : : : o
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Separate treatment of mine water per se is not typically
practiced in this industry; however, where practiced,
- treatment is performed in conjunction with treatment of mill
wastewater in a tailing pond. :

Milling Operations. As discussed in Section V, milling
processes currently employed in the silver industry are
. froth flotation (about 99 percent of U.S. mill producticn),
cyanidation of gold ores, and amalgamation. Cyanidation and
amalgamation recovery of  silver ' currently ~constitute
approximately 1 percent  of U.S. silver production by
milling. The occurrence of silver, either with gold in a
free .state or as a natural alloy with gold, has also
resulted in production of silver at refineries. Silver is
-often recovered also as a byproduct of the smelting and
‘'refining of copper, lead, and zinc concentrates.

Cyanidation for gold and silver is currently being practiced
at mill 4105 (gold category), but wastewater treatment tech-
nology as currently practiced consists of a sand reclaime<r
... pond. for removal of coarse solids only. Amalgamation for
~gold-and silver is currently 1limited to one known 3site.
Wastewater treatment at this facility has been described
‘previously for mill 4102. '

Mill 4105, which recovers both gold and silver, currently
practices . in-plant recycling of reagents, as indicated in
“Section III for Gold Ores. This results 1in economies of -
both cost and reagent use, as well as prevention of the dis-
charge of cyanide for +treatment or into the environment.
In-plant control practices common to silver flotation mills
are based on good housekeeping measures, employed toO prevent .
spills -of flotation reagents. ' The feed of these.reagents: . . " i
-into a circuit is carefully controlled, because .a ' sudden” - - 5
increase . or decrease of scme reagents could have adverse

effects on recovery from the flotation circuit. .

"Wastes resulting from silver milling are typically treated
in- .tailing ponds. These ponds function primarily ¢to
facilitate the settling and retention of solids. Except in
“the case of total impoundment, the clarified tailing-pond
water is .currently discharged. At mill 4401, a further
-feduction of waste locading is achieved by partial recycle of
~the  tailing-pond decant water (approximately 60- to 75-
~percent recycle). Mill 4402 has  achieved zero discharge
‘through total  recycle of tailingpond . decant water.
Flotation 1is the predominant method currently used to
concentrate silver ore. Flotation circuits are commonly run
under alkaline conditions. For example, soda ash, caustic
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soda, and hydrated lime are added to the circuit of mill
4402, and lime is added to the circuit of mill 440l. These
reagents are added to the mill circuits ¢to act = as

depressants, and pH modifers and consequently make the -

tailing pond alkaline. This facilitates the removal of
metals as hydroxides 'in the tailing pond. However, note
that the reagents producing an alkaline pH in the tailing
pond are added in the mill to control the process conditions
there, and a high deqree of control over the pH in the
tailing pond is not currently practiced in the industry. To
facilitate optimum precipitation ¢of metal hydroxides in the
tailing pond, a higher degree of control over the pH may be
required in some cases. Highly alkaline conditions (pH
range of 10. to 11) may ke required to effect greater remocval
eff1c1ency ln treatment facilities. .

The presence of antimony in wastewater . has been noted,
because it is closely associated with silver 1in some ore

bod1es--espec1ally, those of the Coeur d'Rlene District of
Idaho. ' The hydroxide of antimony is not reported to exist -

but the sulfide of antimony is relatively insoluble;
therefore, treatment for antimony removal will involve

sulfide precipitation. Although Na2sS is itself toxic at’

high concentratLOns, the amount requ1red to treat the levels
of antimony ;found in mine and mill wastewater (approximately
2 to 3 mgrsly. is small (approximately -1 mgrsl) and will be
consumed .in the precipitation reaction. Sulfide
prec1p1tatlon must be carried out under alkaline conditions

-

to prevent. . the removal of sulfide ion from solution as HZS

gas.

Cyanide is used as a pyrite: depressant at mill 4401. = This
mill is also. recycling its process water with no apparent
adverse affects from .this reagent. However, should the
destruction of cyanide Lecome necessary for process control
or as a safetyAmeasure in treating accidental leaks from the
treatment .system, alkaline-chlorination, ozonation, or

hydrogen peroxide treatment are effective treatment -

technologies) 'for the destruction of cyanide. = These
processes . haye been discussed previously in this section.
An example ofjitailing-pond" treatment as practiced at mill
4401 is descrxbed below. ‘

Mill 4401 v¢s5located in Idaho. Ore is brought to the mill
from an underground mine. Valuakle minerals in the ore body
‘are primarily;tetrahedrite, but chalcopyrite and galena also
occur. ' During, 1973, 182,226 metric tons (200,911 short
tons) were milled to produce a copper/ silver concentrate.
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Water wused at the mill consists ¢f both reclaim water and
makeup water, pumped from a nearby creek. This water is
introduced into the grinding circuit for the transportation
and flotation of the ground ore. Mill tailings are
discharged at a rate of 3,188 cubic meters ({835,200 gallons)
per day to the tailing-pond system. This system is composed
of three tailing ponds and a clarificaticn pond. Two of the
tailing ponds are inoperative, due +t0 extensive damage
resulting from a recent flood. Prior to this flood,
tailings were distributed +to the three ponds, and their
decant was pumped to the clarification pond. This system
covers ' a total area of 4.5 hectares (10.9 acres).
Presently, water is both discharged and recycled back to the
mill from the clarification pond. Approximately 1,649 cubic
meters (432,000 gallons) per day are recycled, while 1,14l
cubic = meters (299,000 gallons) per day are discharged, Mine
water is also discharged to this pond system at a rate of
553 cubic meters (145,000 gallons) per day. ' -

A new tailing pond is under construction and is expected to
be in use soon. This pond will have an area of 6.9 hectares
(17.0 acres). : ‘

Table VII-22 gives the chemical composition of raw and
treated waste loads from mill 4401, which uses tailing pond’
-treatment. Décreases in several parameters, in addition :to
suspended-solid removal, are noted. TOC, COD, cyanide,
copper, mercury, and nickel are all reduced significantly.

Control and Treatment Technology To Achieve No Discharge.
Currently, .two silver mills are recycling their process
~water. Mill 4402 reclaims all of its tailing~pond decant,
while  mill 4401 presently reclaims approximately 60 percent
of its tailing-pond decant. However, operation of mill 4401
‘with complete recycle could be achieved, and would be, were
‘it not ‘currently 1less expensive to use fresh water pumped
from a nearby well, rather than recycled process water from

an impoundment as makeup water. ‘ y

. The feasibility of recycle entails consideration of the
overall water balance at a given mill and possible
interferences in the mill circuit caused by the recycling of
process reagents and/or buildup of dissolved solids. Water-
talance considerations and recycling of cyanide reagent have
beer, discussed previously in Section VII.

Silver . ores are concentrated primarily by the froth

flotation process, and it has been noted previously -that
recycled flotation reagents might interfere with the mill
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TABLE VII-22. WASTE COMPOSITIONS AND RAW AND TREATED WASTE LOADS

AT MILL 4401 (USING TAILING-POND TREATMENT AND
PARTIAL RECYCLE)

) MILL WASTEWATER TAILING POND EF FLUENT
faALETIR AAw WASTE LOAD . Aaw MASTE . an
CONCENTRATION par unit ors milieg CONCENTRATION C e WP e i
() 0g/ 1000 me1ric torg | (B/100Q short 1om {magr ) wg/ 1000 reepueig mr-LhH@ wrort togrg
pH - - - 100 - ] i - I
TsS  558.000 ~ 2.497,000 4,994,000 <1 <3 i <8
Turbiciry 1ITU 70 o - 0.8 _ | - )
coo ’ 505 260 536 198 32 64
ToC 10 100 700 178 28 56 ‘
Oul and Gresss ] ! Teo 80 12 19 38 !
Creman 0.05 02y 0.a6 0.025 . 0.0 0.08 1‘
a <007 <o < 6.22 <007 <con con .
Cd < Q.02 <201 < 806 < 002 <00:i < 006 :
o ‘ . € <016 T <012 <o <018 <ox !
Cu | 05 KK © o212 .08 o I 0.26 ‘
Tatal Fe ¢ - - - g0 0.6 L3 ;
o <0 <0.16 <0.132 <ot <o com [
Mn - - - 0.3% 0.62 124 L
ne " 00024’ - 0.011 '0.022 0.000% _ 0.0008 0.0016
N R 014 1063, rze 0.08 o 02
Ay Lo, <ee <003 <ooe <002 <a.03, <006
AL s <@z . <003 coos 0.02 003’ 006
s Sl nes 83 166 1.0 16 32
- 3 g Y N . L S|

*Vatue in pH umts
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circuit. However, no published data exist which would
support. this position. Recycling successfully being carried
on at mill 4402 (total recycle--no. discharge) and mill 4401
{partial recycle) demonstrates the feasibility of achieving
total recycle and =zero discharge. It 1is expected that
unwanted quantities of a particular frother appearing in a
recycle stream (from a talllng area,. etc.)_can'probab;y be
reduced or eliminated by: C : ‘
(1) lncreaSLng ‘the retention time of "the frother-con-
taining wastes to facilitate increased oxidation or
biodegradation before recycle to the mill; or

(2) oxidation of the frothers thtough application of a
degree of ' mechanical aeration, etc., to the waste
stream; oOr- o ' :

(3) selecting another frother with superior breakdown

properties for use in the mill. ‘

A. further degree of control of the recycle system can be
gained by use of a two-cell: pocnd. 1In this system, clarified
water from the primary pond:would be decanted to the second
pond, which would be used as a surge basin for the reclaim
water. This system would lend itself to increased control
over the slime content of reclaim water.. . This is. desirable,
since these slimes have been thought = to inhibit
differentialflotation processes in some mills. In addition,
the second pond would provide a site for the implementation
of mechanical aeration, should +this treatment become
necessary.

Segregation of Waste Streams . At certain mine/mill
complexes, for <the mill +to achieve a balanced recycle
system, it may be necessary to segregate the mine and mill
waste streams. In such cases, it is expected that, prior to
discharge, the mine effluents would be chemically treated
for the removal of metals and suspended solids in settling
ponds. As previously discussed, this treatment would
normally 1nvolve precipitation of metals using lime and/or
sulfides.

The discussion which follows describes a silver milling
speration currently operating with recycle and zero
discharge.

Mill 4402 1is located in Colorado. Ore is brought to the

mill from an underground mine. Valuable minerals in the ore
body include sulfide of silver--primarily, argentite,
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galena, and free ‘or native silver. During 1973, 75,005
metric tons (82,696 short tons) of this ore were milled to
produce a lead/silver concentrate.

Process water is recycled at this mill. However, makeup
water is required, and this water is pumped from a well.
Water 1is introduced into the grinding circuit to facilitate
transportation and flotation of the ground ore. Mill
tailings are sent through two stages of cyclones to remove
sands, which are used for backfilling stopes 1in the mine.
Cyclone overflow 1is discharged +to a l.6-hectare (d4-acre)
tailing pond at a rate of 1,511 cubic meters (396,000
gzllons) per day. Clarified pond water is recycleZ bazk ==
the mill at a rate of 962 cubic meters (252,000 gallons) per
day. T ' A

A new tailing pond is being built at this mill. This pond
will have an area of 6 hectares (15 acres).

Table VII-23 demonstrates the treatment efficiency achieved.
in the mill tailing pond and compares mill @ raw-wastewater .
input to tailing-pond decant water recycled to the mill. No
waste loads are presented, because no discharge results.

Bauxite Ore

As discussed in Section IV, Industry Categorization, two
bauxite mines currently operating in the U.S. extract
bauxite ores from oren-pit and underground mines. The
characteristics of pollutants encountered in wastewaters
from these operations are discussed in Section V. The
current treatment technology and industry practice for
treatment of bauxite-mine drainage are described below.

Lime neutralization is the only treatment method presently
being employed by the twoc domestic bauxite producers to
treat mine water. Both acidic and . alkaline waters are
treated bty this technique, but, due to the relatively small
amount of alkaline water that is treated daily (83 cubic
meters, or 22,000 gallons, per day), o¢nly acid mine-water
neutralization is discussed in detail here.

Generally, mine water and surface drainage destined for

treatment . underqgqo settling - in a number of . natural
depressions, sumps, and settling ponds before reaching the
lime-neutralization. facility;  thus, suspended-solids

lcadings are reduced..
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TABLE VIi-23. CHEMICAL COMPOSITIONS OF MILL RAW WASTEWATER
AND TAILING-POND DECANT WATER AT MILL 4402

CONCENTRATION (ma/.2.)
PARAMETER MILL RAW WASTSWAtC\iERRAT Orimiﬁs-mwo DECANT

TSS 90,000 2.
Turbidity (JTU) 1.05 | 0575
coDb 22.70 2270
Toc 20,0 o 175
Qil and Grease : 2 ‘ 2
Cyanide < 0.01 ‘ < 0.01
As _ 0.07 < 007
- Cd < 0.02 < 0.02
Cr < 0.1 < G
Cu 0.22 < 0.02
Total Fe 1.80 , : 1.59
Pb : 0.56 0.10
Total Mn 1.75 - o 1.80
Hg , 0.149 o ~ 0.002
Ni 0.10 S oM
Ag < 0.02 | < 0.02
n 0.37 . 23
sb < 0.2 Lo < 02

523



The addition of lime to raw mine drainage tO reach elevated
pH causes precipitation of heavy metals as insoluble or
slightly  soluble hydroxides.  Formation of spec1f1c metal
hydroxides is controlled by pH, and removal of the suspend ed
hydroxides is accomplished by settling. The discussion of
this treatment technique is presented in the early portion
of Section VII under Chemical Precipitation.

Two variations of lime storage at bauxi te-minewater-
treatment facilities are employed, and both systems achieve
slightly different efficiencies of pollutant removal. The
pH and pH contrcl of the limed solution are the dominant
factors in determining concentration levels attained in
settling ponds. o C

Figure VII-1l6 is a schematic flowsheet of the 1lime-
neutralization facility at open-pit mine 5102. Both mine
drainage treatment systems investigated during this study
are of this type and are discussed by rlant code below.

Mine 5101. Open-pit mine complex 5101 1is located in
Arkansas and produces about 2,594 metric tons (2,860 short
tons) of high-silica bauxite dally. There are several pits
associated with the water-treatment facility, and acid
waters collected from the pits, spoils-storage areas, ‘and
disturbed areas are directed to the treatment plant.

Mine 5101 treats the major portion of its open-pit mine
drainage through a treatment plant similar to that shown 1in
Figure VII-1l6. Other open-pit drainages which require
intermi ttent pumping for discharge will be treated by a
.mobile” lime-treatment plant in the near future.,” “At Mine

- 5oL, about 0.45 kg (approximately 1 pound) of slurried ‘lime

is used to neutralize 3.79% cubic meters: {1000 gallons) of
“acid “mine water. This facility has a controlllng .PH- probe,
located in.the overflow from <the detention tank, which
actlvates “the automatic plant and pump cutoffs at a high
- point of pH 9.0 and a low point of pB 6.0. The operating pH
: generally ranges from 7.5 tc 8.0, and the pH of the effluent
‘dlscharge ranges from 6.3 tc 7. 3.

Table VII-24 lists analytical data for raw mine water (silt-
pond overflow} and treated effluent {(as the dlscharge leaves
the overflow weir at the sludge pond).

Mine 5102.. Open-pit mine 5102 is also located in Arkansas
and mines a high-silica-content bauxite deposit.
Contaminated surface drainage from outlying areas and
groundwater accumulation in the holding pond produce about
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Figure VII-16. LIME-NEUTRALIZATION PLANT FOR OPEN-PIT MINE 5102

LIME-SLURRY [*®
STORAGE
TANKS
MIXMETER
pH
SENSOR
RAW-WATER SLUDGE )
HOLDING SETTLING CLSEEATEnﬁﬁTER
3, G
POND 1.84 m*~/min POND POND
(486 gpm)
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TABLE VI1-24, CHEMICAL COMPOSITION OF RAW AND
TREATED MINE WATERS AT MINE 5101

F CONCENTRATION (mg/2) “
PARAMETER RAW MINE DRAINAGE TREATED EFFLUENT

' RANGE AVERAGE® RANGE ' AVERAGE®
pH 2.8t04.671" 33"t 6.0 to 6.87 sat |
Acidity - 250 to 397 324 0t01.0 0.5
Alkalinity o 0 6 to 13.0 10 "
Conductivity ' 1000 ** 1000 ** 1000 ** 1000 **
TDS 560 to 617 589 807 to 838 823
TSS 210421 151t 1.2 t0 4.0 3
Total Fe 7.210129.17% 50.977 0.14 10 0.2 0.2
Total Mn 32tw9.75'" 5577 2.25 10 3.37 2.8
Al 2.76 t0 52.317 250"t 0.33 10 0.8 0.6
Ni 0.3 10 0.31 0.3 0.18 10 0.19 0.2
Zn 0.82t0 1.19 1.01 0.07 t0 0.09 0.08
Fluoride 0.048 to 0.29 0.17 0.03 t0 0.67 0.35
Sulfate 490 to 500 435 | 50010581 541 J

*Values based on two grab samples unless otherwise specified

Value in pH units

**Vaiue in micromhos/cm and based on one grab sample
TValues based on six grab samples
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14,140 cubic meters (4,000,000 gallons) of raw drainage
daily. Surface drainage collects from an area of
approximately 662 hectares (1,635 acres) of disturbed and
undisturbed land. ,

An experimental lime-neutralization EFlant has been operated
at mine 5102 and processes approximately 2,650 cubi¢c meters
(700,000 gallons) per day of acid mine drainage.

This mining operation presently treats less than 10 percent
of its total raw mine drainage, but full-scale operation of
a treatment plant having a capacity of 11,355 cubic meters
(3,000,000 gallons) per day is expected in mid-197S. The -
new plant will operate similarly tc the present plant, but
an enlarged system of settling lagoons and sludge drying
beds should provide adequate treatment efficiency.

The treatment used at mine 5102 involves slurried storage of
lime in large agitator tanks for eventual mixing with mine
water in the confines of a pipeline. About 0.83 kg (l.82

= 1b) of hydrated lime is used to neutralize 3.79 cubic meters

(1000 gallons) of raw mine water. This lime rate maintains
the influent to the sludge pond at a pR of 9.0 to 11.0, and
effluent from the clear water settllng pond varles from a pH
of 6.0 to 8.0.

Table VII-25 lists the chemical composition of both raw mine
water (influent to the treatment Plant) and the treated
effluent {discharge from clear-water settling pond). ‘

Ferrcalloy Ores

The ferroalloy-ore mining and dressing category includes,
for purposes of treatment here, orerations mining and bene-
ficiating ores of cobalt, chromium, ¢olumbium and tantalum,
manganese, molybdenum, nickel, tungsten, and vanadium (one
operation extracting non-radicactive vanadium). Vanadium
obtained from milling of uranium, vanadium, and radium ores
ander NRC licensing is covered as part o¢f the uranium-ore
category. Since the subcategorization of this category is
not based upon end product recovered, but rather wupon the
process used, representative mines and mills are used to
illustrate wastewater treatment and control as practiced in
ferrcallcy-ore sukcategories.

Currently, there are no operations mining or beneficiating
ores ¢f 'chromium, cobalt, columbium , and <tantalum. A
manganiferous ore is currently being mined at one location
in the U.s., but no wastewater vresults, and no milling
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TABLE VI1-25. CHEMICAL COMPOSITIONS OF RAW AND
"TREATED MINE WATERS AT MINE 5102

CONCENTRATION (mg/")

PARAMETER RAW MINE TREATED

DRAINAGE | EFFLUENT
pH* ' 2.97 7.2°
Acidity® 240 0
Alkatinity 4 , 30
Conductivity * 2.212** 897**
T0s 468 630
TSS* as 6.6
Total Fe® 49.0 0.29
Total Mn 1.56 < 0.02
Al* 14.8 0.12
Ni 0.05 <0.02
Zn 0.24 <0.02
Sr 0.1 -
Fluoride 0.59 0.56
Sulfate® 432 343

*Values based on industry samples and represent the
average of eight or more grab sampies-taken in 1974,

fVaIue in pH units
**\Value in micromhos/em
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activities are carried on. A second manganiferous ore mine
and mill was expected ¢t0o reopen in late 1975 or 1976.
Consequently, treatment and control technology currently
employed in the: molybdenum, nickel, tungsten, and vanadium
industries will be used as examples here to represent
treatment used in subcategories of this category.

Mining Operations.  Mining of ferroalloy ores is by both
unde rground and open-pit . -methods. Mine wastewater is
characterized by high and variable flow and dissolved heavy
metals, and 1is often acidic. At open-pit.mines, sSeasonal
fluctuations in mine water may be extreme.,. At such opera-
tions, acidic streams from sulfides in mine waste dumps add
to the waste 'load of the wastewater requiring treatment.

Mine water is often wused as mill process water  at
underground mines. At open-pit orperations, seasonal
variability generally makes mine water 'an unacceptable
source. of process water. Treatment for suspended-solid
removal is almost universally practiced in the ferroalloy-
ore mining industry. Both treatment in tailing ponds with
mill wastewater and use of separate treatment systems such
as settling ponds and clariflocculators (variants of
mechanical clarifiers in which mixing is provided for
flocculant distribution) are used. Where waste streams are
acidic, neutralization is generally practiced. Where open-
pit mining and ore stockpiling are practiced, the potential
 for oxidation of metals (especially, molybdenum) increases,
- yielding higher --levels..of concentration. of dlSSOlVed heavy
metals and, thus, increased raw waste loads.

Examples of treatment practice are given’in discussions that
follow, using mines 6103, 6104, and 6107 as examples. = In-
addition to these sites, mine water at mine 6102 is treated
by neutralization and by a closed-circuit mill tailing pond
from which only seasonal discharge results. Runoff from
mine 6106 is treated by settling only.

Mine 6103. This mine is an underground mclybdenum mine, in
Colorado, which is still under development. Treatment of
mine water at this site during development of the mine has
included flocculant addition, spray cooling, and solids
removal in a series of <three settling ponds. Sanitary
wasnewater from the mine site is given tertiary treatment in
a separate facility prior to mixing with mine water in the
first settling basin. Samples of the 9,265 cubic-meter/day
(2.5 mgd) mine-water flow were obtained at +the point of
discharge from the mine and at the overflow from the third
- settling pond. The results of chemical analyses of these
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samples of raw mine water and effluent from the treatment
system are presented in Table VII-26.

Appreciable reductions of suspended so0lids and the heavy
metals Cu, Mn, Pb, Zn, and Fe are evident. The influence of
highly +treated sanitary waste is, apparently, reflected in
elevated COD values at the effluent from the treatment
system.

Mine 6104 . This mine is an underground mine, located in
California, which obtains a complex ore yielding tungsten,
molybdenum, - and copper. The mine produces approximately
2,200 metric tons (2,425 short tons) of ore per day. Mine
water pumped from the mine daily totals 47,000 cubic meters
(13,000,000 gallons), of which aprroximately 7,000 cubic
meters (1,848,000 gallons) are used, untreated, as miill
process water. The remainder is treated for solids removal
in a clariflocculator. Underflow from the clariflocculator
is pumped to the mill tailing pond for further treatment.
The bulk {approximately 90 percent) of clarified overflow is’
discharged, with the balance used as mill process water.
Table VII-27 presents the results of chemical analyses of
raw mine water and the effluent from the clariflocculator.
A clariflocculator is used for treatment because ¢of severely
limited land and space availability in this area 'ocf very
high relief (steep terrain). The use of ammonium nitrate-
based blasting agents previously contributed to elevated
nitrate and nitrogen levels in mine wastewater. This
situation has been 1largely alleviated by a change in
explosives used at the mine.

In addition to a significant reduction of suspended-solid
concentrations, important reductions of Pb, Mn, and Fe have
been noted.

Mine £107. This mine is an open-pit vanadium mine, working
non-radiocactive ore. This operation is located in Arkansas,
an area of high annual rainfall. The mine area is drained
by two streams, which are considered as mine wastewater and
are treated via neutralization by ammonia. Part of the
wastewater is also treated by settling behind a series of
- rock dams.

Table VII-28 presents the results of chemical analyses of
raw and treated mine wastewater at mine 6107.
Neutralization and settling  treatment is employed at mine
discharge 005, and neutralization treatment alone is used at
discharge 004. The presence of ammonia in the effluents
reflects the use of ammonia fcr neutralization. Residual
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TABLE VI1-26. CHEMICAL COMPOSITIONS OF RAW MINE WASTEWATER
AND TREATED EFFLUENT AT MINE 6103

PARAMETER CONCENTRATION (mg/2)
BEFORE TREATMENT - AFTER TREATMENT
TSS 802.9 243
TDS 726 564
- Ol and Grease 1.0 1.0
.COD <10 . 67.5
| as < 0.01 <001
cd 0.16 <0.01
Cu 0.06 < 0.02
Total Mn 55 .10
Mo <0.1 <01
Pb 0.19 0.03
v <05 . <05
2n 0.47 <0.02
Total Fe 17.0 0.17
Fluoride . 45 3.7
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TABLE V27 CHEMICAL COMPOSITIONS OF RAW AND TREATED

MINE WATERS AT MINE 6104 (CLARIFLOCCULATOR

TREATMENT)
 PARAMETER - ' CONCENTRATION {mg/ 2}
RAW WASTEWATER TREATED WASTEWATER

pH . 65 78
TSS 33.9 3.1
Oil and Grease 2, ' 2.7
coo 91.3 91.3
As. - <0.07 . <0.07
Cd < 0.01, . - <0
o / < 0.02 <0.02
Mn " 021 0.03
Mo | <0.1 <01
P 0.14 o 0.02
v -~ <05 \ .. <05
Zn 0.05 . '0.03
Fe 15 . |, 012
Fluoride 0.52 ' | 0.46

.Va!ue in pH units
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TABLE VH-2B, CHEMICAL COMPOSITIONS OF RAW AND TREATED

WASTEWATERS AT MINE 6107

PARAMETER

CONCENTRATION (mg/2)

DISCHARGE. 005 ‘ DISCHARGE 004"
- TREATED EFFLUENT . | TREATED EFFLUENT
AAW MINE WATER | (NEUTRALIZATION & SETTLING) '[(NEUTRALIZATION ONLY) '

Flow 15,000 m3/day 15,000 m3/day 5,000 m3/day

{4,300,000 gpd) {4,300,000 gpd) {1,400,000 gpd)
TSS - ' 30 15
TS . 66 285 105
Qil and Grease - <1 <1
coD N 5 5
Ammania - 5 10
As < 0,07 0.020 0.01
cd < 0.005 00" " <0.01
Cu <0.02 0.010 - <0.01
Mn 68 45 094
Mo - < 0.100 <0.10
Pb - < 0.010 <0.01.
Zn 0.09 0.25 0.18 .
Fe - 35 <0.10
Fluoride - <1 <1

'Analvsis of raw mine water unavailable far Discfurge 004

TCcr'm.:\aﬂ\; data
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levels of iron and manganese in effluent from discharge 005
are noteworthy.

Milling Operations. The ferrcalloy-ore milling industry has
been subcategorized on the basis of frocess used and size,
as described in Section IV. No exemplary operations were
visited which  belong to the mill subcategory representing
operations processing less than 5,000 metric tons (5,500
short tons) per vyear. = Operaticns representative of the
remaining milling subcategories rrovide examples of the
processes and all treatment options applicable to small
operations as -well. Treatment technology currently
practiced is relatively uniform throughout the ferrcalloy
'milling industry, although some examples of treatment for
waste constituents peculiar to particular subcategories have
been observed. _

Commonly practiced treatment includes =~ settling,
neutralization, and recycle of process water. In addition,
sites  visited were observed to practice lime precipitation,
distillation, and air stripping.

Mill 6101. This operation. is a flotation mill recovering
molybdenite concentrate on .a large scale (approximately
14,000 metric tons, or 15,400 short tons, ore milled, per
day) . Mill 6101 1is located in a mountainous area of New
Mexico. Approximately 22,000 cubic meters (6,000,000
gallons) of water are used in froth-flotation processing
each day. No mine water is produced, with process water
being drawn from wells and a nearby river. Ore processing
consists of crushing, grinding, and froth flotation. (See
Section V.) - ’

Treatment at mill 6101 utilizes tailing ponds and  an
additional settling pond for removal of residual suspended
solids. Flocculants are ‘added to the tailing stream, if
required for settling prior to discharge. 'Limited amounts
of water are reclaimed in thickeners at the mill site.
Because the mill circuit is mildly alkaline, 1lime is not
reguired to maintain neutral pH in the effluent stream.

Because the terrain near the mine and mill site did not
allow development of a sound tailing-disposal area, water-
treatment facilities are located at a significant distance
(16 km, or 10 miles}) from the mill. Tailings are delivered
to the tailing ponds as a slurry, pumped through three l6-
kilometer long (l10-mile-long) steel pipelines, two of which
are 25 an (10 in.) in diameter, and one of which is 30.5 cm
(12 in.) in diameter. Because of abrasive wear on the
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pipe, it . is necessary +to rotate and replace piping
frequently. The use of end-of-line monitors in the mill
control room, a change to more abrasion resistant neoprene-
lined pipe, and a large tailing-disgcsal maintenance staff
have essentially eliminated problems with recurrent spills
of tailings from pipe breaks, which were experienced in the
past.

Three impoundments are used at mill 6101l: +two tailing ponds
totaling approximately 121 hectares (300 acres} in area, and
a secondary settling pond with a l.6-hectare (4-acre)
surface area. The older of the two tailing ponds is nearly
full and partly revegetated. The second pond contains a
water pool of approximately 160 hectares (40 acresy).
Seepage through +the second dam is 1limited by use of an
asphalt liner. Discharge from the secondary settling pond
flows through a small surface channel to the final discharge
point. .

In addition to the tailing and settling ponds, construction
at the tailing-disposal site includes a diversion ditch and
a flood-contrel dam to regulate drainage from a mountain,
northeast of the tailing ponds. These diversion structures
are sealed to protect the tailings area from the 100-year-
frequency storm. Water recycle from the +tailing basin is
rendered extremely difficult at this plant by the large
- separation between the mill and tailing area, although it is
technically compatible with the recovery practice.

Table VII-29 is a compilation of company chemical data for
intake and treated discharge waters. Table VII-30 presents
data for effluent treated using a tailing pond with
secondary settling. Raw-waste characteristics for mill 610
were presented in Section V. The effectiveness of this
treatment scheme for suspended-solid removal is evident.
The alkalinity of. the  mill wastewater results in the
effective removal of most heavy metals in the tailing basins
and settling pond. Significant reducticns of ¢4, Cu, Fe,
Mn, Pb, and ZIn were noted in this treatment scheme. Only
total dissolved solids are discharged at a level in excess
of 0.1 kg/metric ton (0.2 lbs/short tcn) of ore milled.

14ill 6102 . At this mill, molybdenite concentrates are
recowered by flotation. Byproduct concentrates of tin,
tungsten, monazite, and pyrite are recovered in a complex
system involving gravity separation, froth flotation, and
magnetic separation. Monazite and pyrite concentrates are
‘currently delivered to the tailing impoundment for disposal;
they are not shipped. OQre processed is 39,000 metric tons
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TABLE VI1-23. ANALYSES OF INTAKE AND DISCHARGE WATERS FROM
MILL 6101 (COMPANY DATA) | |

AVERAGE AVERAGE
PARAMETER couc{ggfaﬁmton PARAMETER CON?E‘ZTSAHON
- INTAKE | DISCHARGE INTAKE | DISCHARGE
Alkalinity Jﬁ; 40 230 Fe + 0.4 - . 0.16
BOD (S-day} <30 < 30 ~ Pb - < 0.008 < 0.005
CoD - < 50 <50 Mg 10 i
TDS 260 | 600 Mn X 0.9
TSS 55 100 Ag < 0.0001| < 0.0001
Hardnass 155 800 ‘Mo - om 2
Ammonia (As N) 0.6 1.0 Ni 0.02 - 0.017
Nitrate 0.1 0.1 K 1 a3 |
Phasphorus <0.01 | 0.04 Se < 0.005 <0.005 |
Al 0.24 0.2 Ag - < 0.001 < 0.001
Sb <01 | <o Na 3 50
As - - Sn < 0.1 < 0.01
Ba < 0.001 < 0.001 Ti < 0.08 < 0.08
Be < 0.002 < 0.002 Zn 0.05 - <0.06
B < 0.1 < 0.1 Sulfate 100 1000
cd < 0.002 < 0.002 Chioride 2 2
Ca 103 277 Fluoride 0.2 1.5
Cn < 0.01 < 0.01 Cyanide - -
Co < 0.005 < 0.005 Thiocyanate. - 0.6
Cu 0.02 0.02
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TABLE VI1-30. CHEMICAL COMPOSITION OF WASTEWATER AND WASTE LOADING
FOR MILL 6101 : -

; TOTAL WASTE WASTE LOAD

| PARAMETER || CONCENTRATION per_unit are milled

L= (mg/ 7)) hg/day Ib/day kg/ 1000 metric toms | /1000 short tons
TSS ' 4.3 1 73 160" 5.2 10
DS ‘ 22712 39,000 26,000 2,800 ' 5,800
Qil and Grease 3 51 112 38 '72
coo 198 340 750 26 4
Totsl Cyanide . o003 0.51 14 0.036 0.072
As ’ 0.02 ' 0.3 075 |0.024 . 0.048
cd ' <00 < 0.2 <04 <0.01 , < 0.03
cu <002 | <oa <07 | <002 | < 0.04
Mn ' 13 22 48 © 18 22
Mo Y N 150 a9 | 08
Pb . pas 22 | 48 0.16 ‘ 0.32
Zn - op2 034 | 078 0.024 K 0.048
Fa ' 0.10 17 | 37 . 042 0.24
Fluoride 34 58 130 . ‘ 4.1 - o 82

537



(43,000 short tons) per day. This mill is located in
Coloradoc in a mountainous area, : ‘

., This operation uses water on a complete-recycle basis for

' ten months of the year. During this period, due to consump-
tive 1losses in the mill, seepage losses, and evaporation
from tailing and water-storage ponds, the net water balance
for the system is negative. During the remaining two months
(usually May and June), heavy influx of water to the mill
tailing ponds from melting , Snow accumulations has
necessitated discharge of water from the system. The amount
and duration of this discharge have varied widely from year
t> year, depending on meteorological conditions. Tre
general flows of water during normal operation and during
purge periods are presented schematically in Figure VII-17.

In addition to snow-melt influx, water is drawn for the
system from a well and a small lake (domestic water supply),
mine drainage, and collection structures on a number of area
streams when needed. Diversion structures are currently
being greatly expanded and modified to provide diversion for
most of the area runoff around existing and new tailing
ponds. Drainage from a number of old mine workings ({(not
owned by the operator of mine 6102) to the tailing-disposal
area has complicated the diversion process. Drainage of low
quality is being segregated and channeled into the tailing
ponds rather than being diverted tc the receiving stream.
Water leaves the system through consumptive losses in the
mill, evaporation from pond areas, seepage, and the
aforementioned discharge during peak runoff. With the
completion of diversion structures, discharge will be
substantially reduced, and will occur only during a two
month spring runoff period.

within the water system, a complex pattern of pumping and
gravity flow is used to provide water treatment and recycle.
Three major impoundments, as well as a number of smaller
impoundments and settling ponds, are currently involved.

A large man-made lake serves as the major holding basin for
water to be recycled to the mill. It receives decant water
from two active tailing ponds. From <this lake, water is
pumped to© two 7,570-cubic-meter (2,000,000-gallon) holding
tanks at the mill site.

Two mill tailing ponds, 303 hectares (750 acres) and 182
hectares (450 acres) in area, are interconnected and als
connected to the mill water reservoir by a series of deca
structures.
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Figure Vi-17. WATER-FLOW SCHEMATIC DIAGRAM FOR MILL 6102
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Tailing ponds have not been treated with any deliberate
sealant. Seepage through the toe dam is collected in
impoundment ponds and pumped back up to the tailing ponds.
The allowance of seepage in this fashion is intended to
limit hydrostatic pressures on the dam and enhance safety.

Mine water 1is treated by lime-slurry addition in lagoons
before being pumped to the tailing poend and entry into the
mill water system. About 1,364 kg (3,000 1b) per day of
lime are c¢onsumed in treating the average mine water flow of
3,600 cubic meters/day (700 gpm). '

Ccnstruction of a major new tailing pond is presently under-
way. This pond will have an area o¢f 485 hectares (1,200
acres) and is expected to serve the mill for the next 35 to
50 years. Concurrent with this tailing-pond construction, a
numt:er cf supporting projects are underway, including
development o©f the extensive diversion structures mentioned
previously.

Samples were collected at a numkber of points in the water-
management system, both during normal <total-recycle
operation and during spring runoff. Spring-runoff samples
were, however, atypical due to ice damage to a decant tower
shortly before the site visit. This resulted in a sudden
and rapid purge of the tailing pond. Only a small decand
flow was occurring during the wvisit, and this was recycled
to the tailing pond. Table VII-31 presents results of
analyses of tailing-pond decant during normal zero-discharge
operation and also shows the concentration of pollutants in
mill recycle water after further settling. Table VII-32
presents results of sampling during spring runoff as well as
company data for  discharge quality and calculated waste
loads. Raw waste characteristics and loadings for mill 6102
are presented in Section V.

comparison of data in Tables VII-31 and VII-32 shows that
appreciably higher concentrations of many pollutants are
observed in the effluent streams during purge periods than
are found in the tailing ponds during normal operation.
This flushing effect--presumably, resulting from flows
higher than the design capacity of the treatment system~--
negates, to a large extent, the benefits derived from
recycle in terms of removal o¢f many pollutants. As a
result, yearly average effluent loads per ton of ore are, in
most cases, comparable to those achieved at mill 61Q°
without recycle from <the tailing  pond. Significar
advantage is seen in the recycle system, however, in r
removal of pollutants such as TDS, which are not effecti
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TABLE VI1-31. CHEMICAL COMPOSITION AND CALCULATED WASTE LOAD FOR
MILL 6102 TAILING-POND SURFACE WATER, WITH ANALYTICAL
DATA FOR MILL-RESERVOIR WATER

TAILING-POND SURFACE WATER MILLﬁE?EE:VOIR
PARAMETER TOTAL WASTE CALCULATED WASTE LOAD
' CONCENTRATION per unit ore milied CONCENTRATION
img/ %) (mo/ )
kg/day tb/day kg/1000 metric tons | ib/1000 short tons
TSS - - - - - 14
TDS 1,940 175,000 310,000 4,500 9.000 1936
Oil and Grease 0 0 0 0 0 20
cop 19 1,070 2,400 27 54 198
as 0.01 080 20 0.023 0.045 0.01
cd <g.n < 090 <2 ‘< 0.02 <0.05 < 0.01
Cu 0.04 36 18 0.092 0.18 020
Mn 32 288 630 7.4 15 4.3
Mo 125 3,600 7,500 a2 180 -
Pe < 0.02 < 1.8 < 4 < 0.05 <0.08 < 0.02
v <05 <45 <100 < <2 <05
2n 0.1¢ 8.0 20 0.23 0.46 Q.47
Fe 2.06 180 400 4.6 8.2 45
Cyanide 0.02 1.8 40 0.046 0.092 0.04
Fluonde 149 1,340 2,900 u 88 2

TABLE V11-32. CHEMICAL COMPOSITION AND WASTE LOADING FOR DISCHARGE
AT MILL 6102 (COMPANY DATA)

AVERAGE TOTAL 'AVERAGE WASTELOAD
WASTE FOR 45 DAY FOR 45 DAY DISCHARGE PERIOD
_ DISCHARGE PERIOD : _
PARAMETER || CONCENTRATION per unit ore milled;
{mg/ g} _ kg/day Ib/day kg/ 1000 metric tans Ib/ 1000 short tons

TSS 137 12,000 27,000 310 620
DS 1,633 150,000 | 320.000 3,700 7,500
coo 21 1,500 4,100 a8 a7
Oil and Gromsa 1 81 180 21 4.2
Toral Fe 998 890 1.900 23 P
Total Mn |  aa0 390 890 9.7 19

1 zn 0.58 52 10 1.3 28
cd < 0.0 <0.8 <2 <0.02 <0.05
Mo - 19.09 1,700 3,700 44 88
Cu 0.125 Tn 25 . 0.29 0.58
Cyanide .- - - - -
Fluoride 207 1,900 4,100 a8 97
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removed by the standard alkaline precipitation and settling
treatment. Significantly greater advantage is expected to
be realized from the recycle system as further development
of diversion ditches appreciably decreases the volume of
purge flow, resulting in improvements in quality, as well as
decreased quantity, of effluent.

A portion of the mill effluent stream was treated in an ion-
exchange pilot plant for molybdenum removal. The pulsed-bed
pilot plant was operated extensively, producing an -effluent
consistently below 2 mg/1 molybdenum concentration.
Representative feed and effluent analysis data. are shown

Felow.
Molybdenum Ion Exchange Pilot Plant Data (1975)

Concentration (mg/1l)

Date Feed Effluent Eluate’
7-25 ©.20.5 1.18 16, 140
7-29 23.0 0. 91 16,045 -
7-30 22.4 1. 38 16,568
8-1 24,4 1,76 18,090

8-2 19,5 1,14 12,930
8—6 . 22.0 . :‘.38 4 . E . .171 usu et
Average - 22.0 1.29 16,230

A saleable molybdenum product may ke recovered from the’
highly corncentrated eluate stream, offsetting the costs of
the ion-exchange operation. Early results indicated that
breakeven--or even profltable——operatlon may be p0351b1e.

Mill 61l06. This operation is engaged in the process;nq of
nickel ore (garnierite) to produce ferronickel. Mill 6106
is located in oOregon and frprocesses —approximately &,535
metric tons (5,000 short tons) of ore per day. This mill is
representative of physical ore processors. ’

Water used 1in leneficiation and smelting of nickel ore at
mill 6106 is extensively recycled, both within the .system
and from external water treatment. The bulk of the plant
water use is in the smelting operation, since wet-
beneficiation processes are not practiced. Water is used
for ore-belt washing, in scrubbers on ore driers, in
cooling, and for slag granulatiocon. Water recycled within
the process is treated in two settling ponds, arranged- -in
series. The first of these, 4.8 hectares (l2-acres) in
area, receives a process water influx of 12.5 cubic meters
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(3,300 gallons) per minute, of which 9.9 cubic meters (2,600
gallons) ' per minute are returned to the process. Overflow
tc the 5.2-hectare (l3-acre} second pond amounts to 1.2
cubic meters (320 gallons) per minute. This second pond
.also receives runoff water from the copen-pit mine site which
is highly seasonal, amounting to zerc for approximately six
months and reaching as high as 2,200 cubic meters (580,000
-gallons) per day.during the (winter) rainy season. T he
. lower pond has no surface discharge during the dry season,
inputs being balanced by evaporation and subsurface flow to
‘'a nearby creek. A sizeable discharge results from runoff
.inputs during wet weather. Average discharge volume over
the year . amounts to 460 cubic meters (120,000 gallons) per
day.

This mill was visited during a pericd of zero discharge, and
samples collected reflect this condition. Samples were
collected from the influent to the first settling pond and
from its overflow, as well as from the surface waters of the
lower settling pond. Analytical data for the influent +to
. the treatment' system are reported in Section V. Data for
.influent to the second settling pond from the first pond,
and for its surface waters, are-presented in Tables VII-33
and VII-34. In general, the analyses c¢f these samples were
in agreement with 'data furnished by the company for
corresponding conditions. 1In Table VII-35, average effluent
loads based on company data for the period of discharge are
furnished. 'Since influent from mine runoff could not be
determined, no accurate measure of treatment effectiveness
"is available. It is evident, however, that effluent loads
are quite low.

As Table VII-33 shows, the first settling pond alone is
‘highly effective in reducing concentrations of heavy metals
in the effluent stream. The recycle of substantial portions
of the process water delivered to this pond still further
diminishes the effluent 1load. The surface discharge from
the second settling pond is lower in most metals than the
overflow from .the first pond, even though substantial mine
runoff ‘alsc enters <the second pond.  The alkaline pH
. {average of 8.7) prevalent in these basins enhances
‘treatment effectiveness in retaining heavy metals.

¥jill 6107. At this operation, vanadium is recovered from
. non-radioactive ore in a hydrometallurgical operation
-involving-salt roasting, leaching, solvent - extraction, and
. precipitation. Approximately 1,140 metric tons (1,250 short
tons)y . .of ore are processed per day, requiring the use of
7,600 cubic meters (1,900,000 gallons) of process water. At
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TABLE VII-33. CHEMICAL COMPOSITION AND TREATED WASTE LOADS FOR
OVERFLOW FROM FIRST SETTLING POND AT MILL 6106

! l TOTAL WASTE WASTE LOAD
| PARAMETER || CONCENTRATION Per undt ore muliec
{mg/ L kg/day Ib/day kg/1000 metric tons | Ib/100Q short tons

cd <o <0.02 < 0.04 < 0.004 < 0.009
Co < 0.05 <0.08 < 0.02 <0.02 < 0.04
Cu < 0.02 <0.03 < 0.07 <0.007 < 0.01
Fe 0.35 1.4 R 0.31 0.62
Mn 0.02 0.03 0.066 0.0066 0.013
Ni 0.07 0.1 0.24 0.024 0.0a8
Pb <ot <02 < 0.4 <0.04 <0.09
2n 0.03 0.045 0.099 0.0098 0.020

TABLE VI11-34. CHARACTERISTICS OF SURFACE WATER FROM
SECOND SETTLING POND AT MILL 6106

TOTAL WASTE WASTE LOAD
PARAMETER CONCEN'I;;ATION ' - per unit 978 milled pe umit product
Ime/ ) kg/Cay lb/day 1 kg/ 1000 meteic 100y /1000 short 1om | kg/ 1000 metric tons Fbl!DOO thart tony

Tss 6.2 28 64 ]l 084 11 = { )

TOS 184 85 187 ; 187 » 1,000 l 2.000

Ol ara Grasse 7 1.2 2.6 i 026 053 '14 ‘: 29

cd < 0.005 <0.002 | <0004 ‘ < 00604 < 00009 <002 ] coos

Co < 0.02 <0009 | <002 < U002 < 004 <01 : <02 |

Fe 0.47 0.22 vag | 0048 oga? 26 : 52 ?

Mo < 0.02 ] <0008 | <002 : < 0002 < 9004 <ot | <02 |

KN 003 | ooe| ocom . 00031 0 0062 0.18 ! 0.36

P < aos i <00z | <ooa | <004 <om <2 <s-
k;zn‘ | 5008 l 0.00ai | 00030 a 0009 00018 0.05 010

. i ] —
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TABLE VI11-35. CHEMICAL COMPOSITION AND TREATED WASTE LOADS FROM
FINAL EFFLUENT FOR MINE/MILL 6106 DURING RAINY
SEASON (COMPANY DATA)

F ) TOTAL WASTE® WASTE LOAD
PARAMETER || CONCENTRATION' pet uni ory procesyed*
{mg/ ? ) kg/day Ib/day k9/1000 metric tons | /1000 short tons
TSS 30.8 1a 3 31 62
. TDS 165 76 170 17 ‘ 34
Cu’ " 0.003 0.0014 0.0031 0.00031 ' 0.00082
Fe 0.12 0.055 0.12 0.012 0.024
Mn 0.007 0.0032 0.0070 0.0007 0.0014
Ni 0.038 0.017 0.037 0.0037 0.0074
Zn 0.006 0.0028 0.0062 0.00062 0.0012

T;ﬂ\;:u:roniﬂmo average for periods of discharge

*Yaarly ;nram

TABLE VI1-36. CHEMICAL COMPOSITION AND WASTE LOADING FROM
AREA RUNOFF AND RECLAMATION-POND SEEPAGE

AT MILL 6107 (COMPANY DATA)}

.. | Fe

TOTAL WASTE WASTE LOAD
PARAMETER ||CONCENTRATION per unit ore milled
(mg/ Q) kg/day Ib/day kg/1000 metric tons ib/1000 short tons
pH f 6.4¢ - - - -
TSS ' 10 52 . 104 a8 92
TDS 1706 8,900 18,000 '7.800 16.000
Qil and Grease <1 <5 <10 <4 < 9
cop 5 31 62 7 54
Ammonia 10 5.2 10.4 4.6 92
As 0.02 0.10 o2 " 0.088 0.18
cd < 0.01 < 0.05 < 0.1 < 0.04 < 0.09
cr < 0.01 < 0.05 < 0.1 < 0.04 < 0.09
b ey <0.01 < 0.05 <01 < 0.0a < 009
Mn 58 30 60 26 53
Mo < 0.1 < 05 <1 . < 04 < 08
Pb < 0.01 < 0.05 < a1 < 0.04 < 0.08
| 2zn 0.04 0.21 0.4z 0.19 0.38
<01 <05 <1 <04 <03
Fiuoride <1 ‘ ¢ 5 <10 < 4 < 9

*Value in pH units
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this operation, representative of the leaching-mill
subcategory, three distinct mill wastewater streams are
discharged.

Two of three effluents associated with mill 6107 contain
primarily noncontact water. One is primarily spring water
and natural drainage, with some infiltration from a process-
water reclamation pond and occasicnal spills of process
water. The other receives non-contact cooling water.
Treatment of these waste streams consists only of
segregation from process water and area runoff. Analytic
data for these effluents are presented in Tables VII-36 and
VII-37.

The main wastewater stream from mill 6107 receives inputs
from several process units and air-pollution control
devices, as well as contaminated drainage from the mill
area. Essentially all streams entering this waste stream
bear very high concentrations of dissolved salts, as well as
a variety of other contaminants, including ammonia and
various heavy metals. The complex system of inputs and
treatment and holding ponds feeding this discharge is
illustrated in Section V. The main process effluent from
washing, leaching, and solvent extraction 1is treated by
ammonia addition prior to discharge to a 5.3-hectare (13-
acre) holding pond, where it 1is joined by scrubber bleed
water from ore dryers and treated sanitary wastewater, both
of which have first Dbeen treated for solids removal in a
holding pond. Bleed water from a roaster/scrubber is
treated. by settling in a primary pond before delivery to a
2.8-hectare (7-acre) holding rond, adjacent to that
containing process effluent. Discharge from these two ponds
is staged to avoid the formaticn of calcium sulfate
precipitates, which would result from their combination.
Further, discharge is adjusted by impoundment in accordance
with flow in the receiving water to comply with permit
stipulations on the maximum allowakle chloride increase in
the receiving water (25 mgrsl). The volume of this effluent
is 1limited somewhat . by recycle of water from the tailing
pond to the washing c¢ircuit, recycle within the 'sdlvent-
extraction/precipitation operation, and recycle of scrubbing
water to the greatest extent practical. 1In general, further
reuse of water is limited by the extremely high
concentrations of dissolved solids in the effluent water.

Data for the process wastewater after ammonia treatment, and
for the drier scrubber bleed after solids removal, are pre-
sented 1in Tables VII-38 and VII-39. The two waste streams
are combined in one holdinaga pond for staged discharge.
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TABLE VI1-37. CHEMICAL COMPOSITION AND WASTE LOADING FOR
COOLING-WATER EFFLUENT AT MILL 6107
(COMPANY DATA)

TOTAL WASTE WASTE LOAD
PARAMETER CONCENTRATION per unit ore milled
{img/ 2} kg/day ib/day . kg/1000 metric tons | b/1000 short tors
pH 7.2* ‘ - - - -
TSS 20 42 92 7 74
TDS © @as 1,500 3,300 1,300 2,600
Oil and Grease <1 <2 <4 <2 _ <4
coo - 15 : K~} 70 , poc 56
Ammonia . 10 21 ‘a8 |- 18 E - -
As _ 0.010 0.021 _0.646 .  eo018 | 0.036
cd < 0.01 <002 || <004 < 0.02 < 0.04
Cr < 0,01 < 0.02 < 0.04 ‘ < 0.02 < 0.04
Cu _ | <001 < 0.02 <0.04 <0.02 < 0.04
| Ma 0.54 11} 24 0.97 19
Mo < 0.10 <02 <04 < 0.2 < 0.4
Pb . <001 < 0.02 <oos |’ <00z < 0.04
:zu, , 0.18 " 0.8 088 . , 034 0.67
Fe - <010 <02 | <04 , < 0.2 < 0.4
Fluoride - S T N R T <2 <4

' *Vailue :in' pPH units
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TABLE VI11-38. CHEMICAL COMPOSITION AND WASTE LOADING FOR

PROCESS EFFLUENT AFTER AMMONIA TREATMENT

AT MILL 8107
f : TOTAL WASTE WASTE LOAD
CONCENTRATION per unit ore processed

| PARAMETER WA(S'q?Ei&ATER kg/day Ib/day _,,!-:‘1’23‘33,., I‘ :;:1033“
pH . 88 - - - -
TDS 40,284 85,000 190,000 75,000 150,000
Oit and Grease 5 17 24 10 .20
coD 443 930 2,000 820 1,640
As 0.13 0.27 0.59 0.24 0.48
Cd 0.039 0.082 0.18 0.072 0.144
Cr 0.2 042 0.92 0.37 0.74
Cu 0.13 0.27 0.59 0.24 0.48
Mn 52 109 240 96 192
‘Mo < 0.1 <0.2 <04 < 0.2 < 0.4
Pb- < 0.05 <0.1 <02 <01 < 0.2
\Y 315 66 145 58 116 °
Zn 0.47 0.99 2.2 0.87 1.74
Fe 0.3 0.63 1.4 0.56 1.12
Fluoride 4.55 9.6 21 8.5 17

*Value in pH units
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TABLE VII-39. CHEMICAL COMPOSITION AND WASTE LOADING FOR
DRIER SCRUBBER BLEED WATER AFTER SETTLING
TREATMENT‘AT MILL 6107

i

ASTE LOAD

‘ ; ‘ CONC‘EN'!;?)ATION TOTAL WASTE per fnitsore procassed

PARAMETER (mg .
IN .WASTEWATER kg/day Ib/day mtaﬁ:ci:;)ns sll'lbo/:totg?u

pH 7.7* - . - - -
TDS 10,852 10,000 .| 22,000 8,800 16,600
Qil and Grease 3 2.8 6.2 25 5
coD 34.27 32 70 28 56
As < 0.07 <0.07 <0.15 < 0.06 <0.12
Cd < 0.005 < 0.05 <0.1 < 0.004 <0.008
Cr. 0.1 0.094 0.21 0.083 0.166
Cu 0.08 - 0.075 0.17 0.066 . 0.122
Mn. 13.0 12 - 26 11 22..
Mo <0.1 <0.09 <0.2 <0.08 <0.16
Pb- < 0.05 <D.05 <0.1 <.0.04 < 0.08
V- 375 35 77 31 62
.Zn 0.17 0.18 0.35 0.14 0.28
Fe 0.75 0.7 1.6 0.863 1.26
Fluoride 1.2 1.1 24 0.97 .-1.94

*Value in pH units
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Since this pond was not discharging during sampling, only
company data are presented in Table VII-40. = .

Table VII-41 presents data for treated effluent from the
holding pond receiving wastewater fram roaster/scrubbers
after primary settling. Table VII-42- presents additional
company data for the same discharge. Average
characteristics of total process effluent (company data) are
presented in Table VII-43. .

Mill 6104. At mill 6104, a complex ore 1is processed by
flotation and 1leaching operations to yield molybdenum and
ccoper concentrates and ammonium paratungstate. The mill is
located in California. Mill wastewater is treated by 1lime
addition to a pRE of 9.5 and subsequent impoundment in a
tailing pond, from which clarified water exits by
percolation and evaporation. Treatment practiced on
segregated waste streams from the leaching and sclvent-
extraction processes is representative of advanced treatment -
applicable +to 1leaching operations. Waste streams from:-
chemical processing of scheelite flotation concentrates are '
treated by distillation in - a  two-stage
evaporator/crystallizer and by stripping with air for
ammonia removal prior to combination with tails from other
operations for liming and delivery to the tailing ponds.

The air stripper operating at this  facility treats
approximately 0.27 ‘cubic meters per minute (70 gal per
minute) of ammonia-laden wastewater in a packed tower
achieving an average of 70% removal of ammonia. The ammonia
which 1is removed is currently released to the atmosphere.
Repeated sampling at this site showed stripper performance
t0 be variable--apparently, depending strongly on pH control
of the feed solution. Typical feed and effluent ammonia
concentrations are 300 mg/l and 80 mg/l, respectively.

Samples of the solvent-extraction effluent and the:
precipitation waste before treatment were not obtained.
Since there was no surface discharge, and since there was no
pool of water in the tailing pond at the time of the visit
to this site, no sample of clarified mill discharge water
could ke obtained. Limitations met Lty this discharge may be
assumed to be 1nd1cat1ve of its guality and are tabulated
below.
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TABLE VII-40. CHEMICAL COMPOSITION AND WASTE LOADING FOR |

HOLDING-POND EFFLUENT (PROCESS WATER AND
DRIER SCRUBBER BLEED] A

{COMPANY DATA)

T MILL 6107

CONC(EN';?)ATION g TOTAL WASTE per ?s:ts IrEe ;L;?ogsed

PARAMETER mg

- ‘ IN WASTEWATER kg/day Ib/day ml:.gt/l':fgt?ns . s:wbo/:tugons
Ammonia 2,030 6500 | 14,000 5,600 11,200
Ca 450 1,400 3,100 1,200 2.400
cd 0.08 - 0.26 0.57 0.23 0.46
Cu . 0.23 0.73 1.6 0.64 1.28

.| Mn ag 120 260 110 220
Mo 16 51 110 as 90
v 31 99 220 87 174
Zn 0.83 2.7 5.9 24 4.8
Ni 0.96 3.1 6.8 2.7 54
Fe 0.23 0.73 16 0.64 ©1.28
Sulfate 12,200 39,000 £6,000 34,000 68,000
‘Chloride 7,800 25,000 55,000 22.000 44,000
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'l"ABL‘E‘Vl[-41. CHEMICAL COMPOSITION AND WASTE LOADING FOR
ROASTER SCRUBBER BLEED WATER AFTER SETTLING

. AT MILL 6107
. WASTE LOAD
METER - CONC(EN'II';'I)ATION‘ . TOTAL WASTE per unit ore processed
PARAME mg/L)y - N
. ' ‘ IN WASTEWATER kg/day Ib/day mkegt"r:c()?gns s;il;/;()tg?\s
pH - B XL - - T - -
TSS 1214+, . 209 480 180 360
“TDS , 57,690 100,000 220,000 88,000 176,000
Oil and Grease .3 5.2 1" 4.6 9.2
coD 1,859 . 3,200 7,000 2,800 5.600
As < 0.07 < 0.1 <03 < 0.09 <.0.18
Cd < 0.005 < 0.009 < 0.02 < 0.008 < 0.016
Cr 0.2 0.35 0.77 0.31 0.62
Cu < 0.03 < 0.05 < 0.1 <0.04 < 0.08
Mn 5.5 . 85 21 8 16
| Mo <01 <02 <04 <0.2 <04
P < 0.05 <0.09 < 0.2 <0.08 < 0.16
v 185 26 57 23 46 -
Zn 5.95 10 23 8.8 17.6
Fe' 0.25 0.43 0.95 0.38 0.76
Fluoride 6.0 10 23 8.8 17.6.

* Value in pH units '
** Company data indicates this should be = 30 mg/t
(Waste loads are correspondingly high)
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TABLE V11-42. CHEMICAL COMPOSITION AND WASTE LOADING FOR

ROASTER SCRUBBER BLEED WATER AFTER SETTLING
AT MILL 6107 (COMPANY DATA) '

| _ DN ' TOTAL WASTE .. WASTE LOAD
PARAMETER CQNCF:JE)AHON S _Ber unit or processed
- - IN WASTEWATEB kg/day ib/day N ‘m'g!r:t??gns ‘ s:\bol:to&?\s
Ammonia 360 620 1,400 550 1,100
Ca 26,000 45,000 99,000 40,000 80,000
€4 042 . 507 | 16 0.64 Co128
| cu 0.31" 0.54 1.2 048 | - 0.96
‘Mn 11 19 42 17 34
Mo 1.1 1.9 4.2 - “1.7 ‘3.4
v 13 24 63 ¢ 21 a2
Zn 8.4 15 3 13 26
Ni 1.0 © 1.7 3.7 - 1.5 o 3.0
Fe 0.93 1.6 35 14 2.8
Sultate .500 820 1,900 © - 760 1,420
Chloride 36.000 - /62,000 140,000 55,000 110,000
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TABLE VII43.CHEMICAL COMPOSITION AND WASTE LOADING FOR
AVERAGE TOTAL PROCESS EFFLUENT AT
MILL 6107 (COMPANY DATA)

AAME TER concFNT/?)Aﬂow TOTAL WASTE per i o IB?::M
ARAME mg -
IN WASTEWATER kg/day Ib/day nregtjr:c?ct,gns si\bci:totr:)t;u
pH 8.7 - - - -
TSS 180 890 2,000 780 1,560
TDS 44,000 220,000 480,000 190,000 380,000
Qil and Grease <1 <5.0 <10 < 4 < B
coD 70 340 750 300 600
Ammonia 1,200 5,900 13,000 - 5,200 . .10,500
As 0.020 0.098 0.22 " 0.09 0.18
cd 0.30 1.5 3.3 1.3 2.6
Cr 0.090 0.44 0.97 0.39 0.78
Cu 0.26 1.3 2.9 1.1 2.2
Mn 28 140 310 120 . 240 -
Mo 1 54 120 48 96
Pb < 0.1 <0.5 < 1 < 0.4 < 0.8
Zn  4.00 20 44 18 36
Fe 0.50 2.5 5.5 22 4.4
Fluoride 1 49 1 4.3 - 8.6

*Value in pH units
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Concentration

Parameter __(mg/1)
Sodium 600
Chloride 1000
sulfate 1000
Total Nitfogen 5

{Organic, NH3, WO03)
Nitrate ‘ 2

These values are consistent with the observed 2,290 mg/1 TDS
- content of the combined tailing stream (See Waste Character-
istics, ©Section V), reflecting the substantial removal of
dissolved salts--especially, sodium sulfate--from the
effluent.

Mercury Ores

-Ristorically, water has found little use in the mexcury-ore
mining and dressing industry. In the past, the mined ore
was primarily fed directly into a retort or furnace, and the
mercury was recovered by roasting. When beneficiation has
been employed, it has normally been 1limited to crushing
-andsor grinding. As a result, water-treatment technology or
- facilities have not been +typically required in this
industry. ' ‘

Mining Operations. Water is not used in mercury mining
operations and is discharged only where it accumulates as a
result of seepage or precipitation. When mines are not
located adjacent to a mill, or when their effluents (if any)
are to be segregated from the mill wastewater, it will be
necessary to discharge these waters, unless total
impoundment is possible. Treatment of this wastewater is
necessary for removal of suspended sclids and heavy metals.
The mercury ion is best +treated for removal by sulfide
precipitation. Other technologies for the removal of heavy-
metal waste constituents are the chemical precipitation
andsor flocculation methods and settling ponds, which have
been discussed previously in this section.

'Milling Operations. Mercury ore can be concentrated by
gravity methods and by froth flotation. However, these
methods have not been employed extensively, since direct
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retorting of the ore is an efficient and effective method
for recovering mercury. In addition, most mercury ores are
not amenable to gravity separation, since mercury minerals
tend to-be crushed finer than the gangue, with resultant
excessive loss of these minerals in the slimes. However, as
lower-grade mercury ores become mined, it is expected that
beneficiation processes will become increasingly important
and necessary in this industry. :

Mill:- 9201 . = This operation is. located in the state of
California. Operation of this mill is seasonal, with
closure of +the mine/mill during the rainy season (winter),
whenr’ muddy roads make access difficult. A sandstone ore
cgntaining cinnabar (HgS) 'is mined from an open pit andé
brought to the mill. During 1973, 30,000 short tons (27,210
metric tons) of ore were milled by gravity methods ¢to
produce a cinnabar concentrate. No discharge results from
the mine. '

This mill operates on a total-recycle system, with no
discharge resulting. Water is used in a gravity-separation
process, and the mill tailings are discharged at a rate of
1,665 cubic meters (436,000 gallons) per day to a l-hectare
(2.5-acre) tailing pond. Seperan NpP-10, a flocculant, is
added ¢to the waste stream to increase scolids settling.
Clarified pond water is decanted and returned to. the mill
for reuse. About 16 cubic meters (4,300 gallons) per day of
makeup water are required, and this is obtained from a
nearby reservoir. -

The efficiency of the treatment system is presented in Table
VII-44. No waste loadings have been computed, because no
discharge results from this operation. S

MinesMill 9202. .This operation, .located in Nevada, ‘has been
actively producing only since early 1975. The ore, which
consists of cinnakar (HgS) and corderoite . . (Hg3sS2C12),
disseminated in ancient 1lake-bed sediments (primarily
clays), is concentrated by flotation. This ore is mined by
open-pit methods, and at present, no water accumulates in
the mine which would necessitate a discharge.

Mill tailings are presently impounded in four 20-hectare
(50-acre) ponds for retention of solids and evaporation of
wastewater. The operators of this mill initially proposed
to recycle clarified decant from these ponds back to the
mill. BHowever, difficulty in obtaining a clarified decant
has been experienced, and, as a result, recycle has not yet
been feasible on a large scale. The proklem stems from the
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TABLE VII44, CHEMICAL COMPOSITIONS OF MILL WASTEWATER AND
TAILING-POND SURFACE WATER AFTER TREATMENT
AT MINE/MiLL 9201 (NO DISCHARGE, RECYCLE OF
TREATED WATER)

CONCENTRATION (mg/2}
PARAMETER TAILING-POND

MILL WASTEWATER DECANT
pH 6.5 65
TSS 154,000 . 76
TDS 290 144
cop 42.79 © 2723
Qil and Grease <1 2
5i02 ; ‘ 9.8 ' 9.3
Al 10.4 05
cd < 0.005 <0.005
Cr 0.04 ’ "~ 0.02
Cu <0.02 <0.02
Total Fe <05 0.87
) <0.1 ' < 0.1
Total Mn 50.0 0.10
Hg - o 0.125 -
Ni 0.68 _ 0.10
Sr 0.60 0.10
Zn 0.14 003
sb | <05 <05
Mo <0.2 <02
Fluoride 0.61 0.83
Sulfate 100 75

'Value in pH units
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presence of montmorillonite c¢lay in the ore body. This
material becomes suspended during milling activities and is
very slow to settle. Flocculants have been used to aid
settling but have not, to date, been successful. Reuse of
the pond water having the quality presently obtained would
reportedly result in a lower percentage of recovery, lower-
grade .concentrate, and lower daily rate of production (less
ore milled/day). For these reascns, recycle has not been
attempted on a large scale.

The quality of the wastewater F[Frior to and following
settling is presented in Table VII-4S. No waste locadings
. have Leen computed, as no discharge results from +*his
operation. ‘ :

Uranium, Radium, and Vanadium Ores

The discussion that follows describes treatment and control
technology in current use in the uranium, radium, and vana-
dium (byproduct recovery under NRC licensing) ore mining and
dressing industry. Aspects of treatment and control which
are characteristic of this category are described.’

Mining Operations. Uranium mining in the U.S. is conducted
primarily in the arid states. Approximately 60 percent of
the facilities contacted in the course of +this study
indicated that they have no discharge. Where it is
practical, mine wastewater is used as process feed water for
milling. It then becomes a mill effluent and is impounded,
and subsequently is lost to evaporation and seepage. At the
operations employing the bLkest ' treatment and control
technology in this industry, uranium values are freguently
extracted from minewater by ion exchange (IX) methods. In
addition, where dry mines are proximate to mines discharging
wastewater, the discharge is often recycled to the dry mines
to effect in-situ leaching. Evagporation and other losses in
this process often reduce water vclume to a point where no
discharge results. Further treatment of wastewater destined
for natural waterways always includes settling.

Eigh values of Ra226 observed in mine wastewater indicate
that coprecipitation treatment is necessary to reduce radium
values to acceptable values. Values of Ra226 in mine waste-
water currently range - from arproximately 100 to 400
picocuries per 1liter, while technology currently being
employed in mill wastewater treatment nearly always attains
reduction to a level of below 3 picocuries per liter; under
favorable conditions existing in well-designed treatment
systems, levels of 1 picocurie per liter have been obtained.
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TABLE VII45. CHARACTERIZATION OF MILL WASTEWATER
AND TAILING-POND SURFACE WATER FOLLOWING
SETTLING AT MINE/MILL 9202 '

CONCENTRATION (mg/l)
MILL TAILING-POND
PARAMETER WASTEWATER DECANT®
pH ‘ ‘82t 8.4t
TSS - -
coD - 84
Ccd ~ : 0.42 < 0.005
Cr , 3.6 0.015
Co 17 ) - <005
Cu 1.3 _ | 0.26
" Fe 2,880 1.7
Pb - : 0.58 . 0.02
Mn | " 7.0 ' - 0.034
Ni . 2.4 : 0.021
s6 . 3.76 ‘ 0.23
Zn , 1.1 , 010
Hg , 275 ‘ 0.014

*Sample collected from pond at point of decant when decant of water for recycle is
.employed.

fValue in pH units.
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In addition,  similar technology applied to a mine has
demonstrated reduction to less than 3 pCi/l regularly
obtainable, with 1levels below 1 pCis/l under faworable
conditions.

To employ ¢treatment technology recommended here for radium
reduction, in mine wastewaters, it may sometimes be
necessary to add sulfate ion to the wastewater stream to
allow coprecipitation with barium chloride. If ferrous
sulfate is added at a level of 100 mgs/l, some molybdenum is
also coprecipitated with ferric hydroxide, and sulfate ion
is liberated to effect radium coprecipitation. :

Mine 9401 . This operation currently obtains uranium ore
from four underground mines in New Mexico, one  of which
contributes - a significant amount of mine water to adjacent
mines after +treatment by ion exchange (for uranium
extraction) for in-situ 1leaching. The total flow in the
ion-exchange plant is 9,300 cubic meters (2,455,200 gallons).
per day. Evaporation 1losses in surface distribution’
channels apparently cancel the excess influx from the one
wet mine, so no . discharge results. If there were a
discharge from the ion exchange system, this discharge would,
exhibit high 1levels of suspended solids (530 mgrs1l) and COD
{750 mgs1l).

The ion-exchange process at this operation illustrates that:
an IX system which is optimized for one particular ion:-
‘{e.g., uranyltrisulfuric ion) is relatively ineffective for .
removing even similar ions. As shown in the table below,
.only vanadium follows uranium in being extracted.

“Element In ' | Qut

U ‘ 25 . 1l

As o 0.03 0.04
Pb ‘ - 0.02 0.11
A% 1.0 less than 0.5
Fe 0.47 0.51
Mo 0.5 : 0.77
Be ‘ 0.01 .01 .
Al ‘ 0.55 0.55
B : ‘ 0.15 ‘ 6.1¢9
Ca ' ‘ 93 96

Mg 45 45

) 25 25

Na 200 200
Sr _ 0.87 0.124

in 0.034 0.064
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However, in this case, uranium and vanadium are reduced to
'levels of 1 mgsl or 1less. With some compromises in
“treatment efficiency for uranium and vanadium, other metals
‘can be removed.

Mine 9402 . A group of several mines discharging 11,500
cublc meters (3,036,000 gallons) of water per day is located
near a mill whlch uses approximately two-thirds of the .mine
‘dlscharge as’ miné Pprocess water. This operatlon is also
located in New Mexzco.. Two types of treatment 'are used. ' At
one mine, mine water is treated for suspended—sollds removal
by a series of three settling ponds and then is dlscharged.
Table VII-46 presents the chemical compositions of raw and
treated,uastewate:s resulting from this mine.

:A second group of mines feeds a treatment system consxstlng
of ‘an" ion-exchange plant (for removal of uranium values).
Dlscharge from ' the ion-exchange ‘plant . splits | with
‘approximately 23 percent being discharged and the remalnder
entering a holding pond to be used as . mill. make—up water.
.(See Flgure V—3ub , . L

fInltlal concentratlcns varying from 2 to 12 mg/l of U308
_were treated by use of an elght—column anlonlc-exchange
‘system, -which recovers 98 percent of the lnfluent uranium.
At lower concentrations, this process is known to be less
.effective than at higher concentration. An example of. this
"loss eff1c1ency can be cited for the case of mercury removal
by ion exchange methods,'as shown = in Flgure VII~18. . The
- fact that, uranium shows a similar behavior is illustrated by
" the' “data p01nts for uranlum that have also been plotted on
this graph. Additional data on the éfficiéncy of IX
processes are available toc members of the industry. These
data currently are prorrietary, for'competitive'reasons.

Table VII-47 presents the results of treatment by ion
exchange and settllng at mine 9402(002). '

Milling Operatlons. Treatment for suspended-solid removal,
neutralization of pH, precipitation of hazardous pollutants,
coprecipitation of parameters in very low concentrations,
and for the recovery of values exists in milling ' o6perations
of <+the wuranium industry. Some treatment is used. to permit
iischarge, while, in most instances, treatment facilitates
recycle ands/or impound. Approximately 90 percent of the
uranium mllllng industry has no point discharges. Two of
the remaining’ milling operations have lateral seepage from
tailing 1mpoundments that is collected and discharged. one
operation "is currently modifying its entire " process to
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METAL ADSORBED [(mg/g wet resin)

TABLE VII-46. CHEMICAL COMPOSITIONS OF RAW AND TREATED

WASTEWATERS AT MINE 9402 (001)

CONCENTRATION (mg/R)

PARAMETER
RAW WASTEWATER TREATED WASTEWATER

pH 8.1 74"

TSS 289 17

cop <10 159

TOC 45 195

As 0.02 0.02.

cd - 0.003"

o - - 0.01"

Cu <05 0 to 0.017

Hg - 0.001"

Mo 05 038

Ni - . 0.0at

Pb 0.13 0.1.

v 2.1 1.7

Zn - 0.002%

m 230.. 65'.

U 4.14 1.1

.Value in pH units

Figure V1I-18. ION EXCHANGE FOR MERCURY AND URANIUM AT LOW
LOADINGS AND CONCENTRATIONS

*Gompanv data

**Value in picocuries/ 2

e il

100

/ MERCURY

URANIUM

-
o

7

0.01

0.1

1.0 10

100 1000

EQUILIBRIUM CONCENTRATION {mg/%)

562

10,000



TABLE VII47. CHEMICAL COMPOSITIONS OF RAW AND TREATED
WASTEWATERS AT MINE 9402 (002)

CONCENTRATION (mg/2)
PARAMETER DISCHARGE FROM
RAW WASTEWATER TREATMENT (X}
pH 7.7t g1’
TSS - -
coD 734 405
TOC | 205 205
As <0.01 0.02
cd : <0.02 - <0.02
Cr <0.02 ' <0.02
Cu <05 <05
Hg 0.0004 0.0004
Mo . _ 05 , -~ 04
Ni .  <0.01 | <0.0
Pb 0.18 0.11
v <05 , <05
Zn <05 <05
Ra 69° 105°
T <0.1 <0.1
U 13.31 4.55

1‘\.I:-xlue in pH units

*Value in picocufisil.t
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attain zero discharge. This is expected to be accomplished
by increased use of recycling and by minor process
‘modifications.

Mill 9401l. This operation is located in New Mexico and
extracts uranium and vanadium Lkyproducts by alkaline
leaching. processes. (See Section III.) - The -mill has no
point discharge. The mill incorporates two recycle loops:
one involving recarbonization of 1leach, which leaves all
water characteristics relevant to dlscharges essentially
unchanged, and another loop that returns decant water from
tailings by means of an ion-exchange column. The IX process
recovers ..uranium  that  was' rejected to . tailings and

solubilized there; however, this lcog also does not improve

water quality. | ‘

As discussed in Section III, the alkaline-leach process used
at this mill involves a purification step that adds sodium
and sulfate ions to  the water. If water were recycled
indefinitely, these ions would increase in . the tailing
ponds. . Evaporation there would eventually permit
crystallization of sodium sulfate, and the formation of
crystals-in.other portions of the locp would prevent the use
of the recycle llquor, even for such operations as repulplng
of talllngs.

Certaln measures, which allow recycling of a significant
portion of the flow, . must be taken -to separate sodium
sulfate resulting from the purification process from the
other recyclable liquors.. A separate, lined evaporation
pond would- serve thlS functlon. ‘ R ’

Mlll s402. The mines and mill are located near each other
at thlS operatLOn ‘1n. New Mexico, and some water from the
mines is used.in the acid-leach process, while the remainder
is- dlscharged. The mill itself has no pc;nt discharge. !

Like most acidrleach Operatlons, the mlllﬂ.cannot practice
recycle from tailing decant liquor (without treatment by
reverse osmosis) because high concentrations of solutes
interfere with the process of concentrating values. The
effect of evaporation on the tailings that are pumped
through a sequence of four sequential ponds is illustrated
in Figure VII-19. The initial dror is due +to chemical
precipitation and is followed by a rise in concentration due
to a redissolution in acid concentrated by evapcoration of
water. If vertical seepage or discharge were to result from
this operation, neutralization of the acid waste liquors to

<
1
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" Figure VI1-19, CHEMICAL CHANGES IN A SEQUENCE OF TAILING
IMPOUNDMENTS AT MILL. 9402

jc & o SEEECET PR R PRT Y PEP TR ST PLET SYPEPTY FIVRPE R PRI IR .._..._......*..u...,.,..,.........‘...‘..;............... [ N T

NORMALIZED CONCENTRATION

INFLUENT POND-1 . POND-2 L POND-3. POND-5

" EFFLUENT EFFLUENT - " EFFLUENT EFFLUENT
"~ LOCATION ' ‘
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prevent discharge of innocuous salts and resolubilized heavy
metals would be necessary.

Lateral seepage from the first tailing pond is controlled by
pumping from a second seepage collecticn “"pond," at the toe
of the dam, to safer storage .in a third pond, which is at a
higher elevation than the first tailing pond. ' From there,
water may be pumped to one of two smaller ponds at even
higher elevation. This arrangement ' of ponds provides
protection against failure of any one dam, except for the
main tailing dam. Failure of the dams retaining the upper
ponds would dump their contents into the larger, lower
z<cnds, rather than into the environment. - '

Mill 9403. This mill is located in Utah. Mines supplying
this operation are completely separated from the mill and
were not visited. The mill uses alkaline leach and has
~extensive byproduct operations. 1Its discharge to a river is
expected to be reduced in volume by a factor 'of ten or
eliminated in late 1975. Complete recycle is technically
possible but would regquire expensive alterations to waste-
treatment facilities. .Land suitable for construction of a
pond large enough to remove waste liguor by evaporation . is
several kilometers away and is located at an elevation
several hundred meters higher. '

The present mill treats river water - (to reduce hardness),
raw wastewaters (to remove suspended and settleable solids),
and decant water from the tailing pond (to remove radium by
BaCl2 coprecipitation). The water-softening scheme is not
properly an effluent treatment, but it illustrates a large-
scale technique for reducing calcium and magnesium, by
reducing calcium carbonate ' content from approximately 500
mg/l to 35 mg/l. Table VII-u48 shows the effect of tailing-
pond and coprecipitation treatments on effluent
characteristics. : o

Mill 9404. This mill, located in New Mexico, i$ apprcg-
imately 100 km (60 miles) from the mine that furnishes ore,

The mill wuses acid leaching, and recycle is not practical.
- A tailing pond, 3 kilometers (2 miles) from the mill,
evaporates wastewater and concentrates the solutes. The
tailing area covers a somewhat porous stratum. For this-
reason, a deep well was drilled to a depth of 770 meters
(2,530 feet) into porous strata containing water unfit for
other use, and decant wastewater from the pond is
occasicnally injected into this well, following filtering to
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TABLE VI1-48. CHEMICAL COMPOSITIONS OF RAW AND TREATED
WASTEWATERS AND EFFLUENT WASTE LOADING
AT MILL 9403 (SETTLING AND BaCl, COPRECIPITATION)

‘ CONCENTRATION {mg/g) EFFLUENT WASTE LOAD
PARAMETER || wasTewatem| rriuens | kodav | tiday | S9oee o | ateoncontte
pH 9° g* - - - -
7SS 111,000 31 161 354 120 240
coD 278 71.4 370 814 270 540
TOC <1 20 100 220 74 148
As 14 28 15 33 10 20
cd. 0.04 <0.02 <01 0.22 - -

Cr <0.02 <0.02 <01 0.22 - -

Cu 1.1 . <0.5 <26 <6.7 - -

Hg 0.0016 | 0.0002 0.001 0.0022 0.0007 0.0014
Mo 0.25 3.3 17 37 12 24

Ni 0.52 <0.01 <0.05 | <0.11 - -

Pb 0.69 0.13 067 1.47 0.48 0.96
v <05 74 3s 84 30 60
Ra 11} a.09! 212° | - 15877 14.4%0"
Th - <0.1 <05 1.1 - -

U 3.9 25 13 29 10 21

- *Value in pH units

?Valuo in picocuries/ £

**Valye in microcuries/day

”Valug in microcuries/metric ton

&% &Value in microcuries/short ton
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remove suspended solids that might plug the well. There  is
nc point discharge at this mill.

Mill 9405. This mill is located in western Colorado within
a few miles of many small mines yielding wuranium and
vanadium ores. The mill uses acid leaching and produces
more vanadium than uranium, with wvanadium concentrated by
sclvent exchange.  Waste liquors from the vanadium process
are evaporated in ponds as are some liquid wastes  from
uranium refining. Effluents from yellow cake ‘(uranium)
precipitation and washing are combined with hillside runoff
and treated by barium chloride coprecipitation which reduces
Ra 22% concentrations from a level of about 40 picocuries
per liter (pCrl) to 1l to 3 pCr/1 wusing ©€.06 ¢to 0.089 <rar
BaCl2 per liter in the presence of 5000 mgs/1l1 of sulfate ion..

Metal Ores, Not Elsewhere Classified

This group contains ore mining and dressing operations which
vary congiderably in their size, methods of mining and bene--
ficiation, and 1locatijon. Relatively few operations are.
.represented in this diverse group, with primary production’
for antimony, Dberyllium, platinum, and rare-earth ores
represented by one mine and mill each. Tin and zirconium
ores are obtained as byproducts, while antimony is alseo
obtained as a byproduct of both silver mining and milling
and lead and zinc smelting. ' :

Antimony Ores

There currently exists only one operation (mine/mill 9901])
which is mining and milling ore primarily for 1its antimony
content. Mill 9901 discharges tailings from its flotation
circuit to a tailing pond and achieves zero discharge by
impoundment of tailings in this pond. The operators of this
mill also indicate that recycling of tailing-pond process
water would not be expected to fpose any problems, should
recycling become desirable at this mill. However, if this
water were to be recycled, additional settling treatment
would be necessary to reduce its slime content. Therefore,
the impoundment area would require either expansion or
redesign to facilitate a recycle system. F -

No effluents are currently being discharged to the surface
from mine 9901. However, this operation has been active for
only a few (three to five) years; as the mine 'is developed
more extensively, a discharge may result from the influx of
ground water. If discharged, the mine ‘wastewater —may
potentially contain suspended solids and solubilized metals,
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which will require treatment prior to final discharge of the
effluent. Treatment technologies potentially available for
application at this mine are chemical precipitation and
‘flocculation methods and use of settling basins, previously
discussed. : - '

Chemical precipitation of metal hydroxides by lime addition
will successfully remove most of the heavy metals (i.e.,
arsenic and zinc) present in this ore body. Lime will also
create- the alkaline conditions necessary for the successful
removal of antimony by sulfide precirpitation.

Bervllium dres

Only one operation 'in the beryllium mining ‘and milling
industry 1is known ¢t0© use water in a milling process. The
limited amount of beryl mined domestically is, for the most
part, concentrated by crude hand-ccbbing methods. However,
bertrandite, mined from an open pit, is processed at mill
9902 by a sulfuric acid 1leach process. This mill is

.. achieving zero discharge by impoundment of the mill tailings

in a tailing pond. Water 1is removed from the pond by
- natural  evaporation and possible percolation into the
. subsurface. No discharge exists from the open-pit mine at
this time. :

Platinum-Group Metals

The bulk of production of the platinum-group metals results
- from recovery as byproducts from coprer ore during refining
. operations. These metals are also being recovered by an
operation (minesmill 9904) which seasonally mines a placer
deposit in Alaska. This placer, located alongside a major
river, is mined by a dredge, floated on a impoundment con-
structed over  the deposit. The - heavy minerals are
concentrated by gravity-separation methods; therefore, waste
loading of the process water includes grimarily suspended
solids. ' These process wastes are discharged to the dredge
pond, where some settling of the solids occurs. The
suspended-sclid content of the pond water is further reduced
as it filters through a sand barrier prior ¢to final
~discharge. ’ o

The relatively unsophisticated methods described alkove are
typical of the Lest existing treatment at precious-metal
placer operations. As such, this treatment is designed to
reduce suspended-solid loadings of final discharges. Since
recycle is usually not practicable at a placer operation of
this type, use of +the treatment described is necessary.
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Therefore, efficient treatment can be maximized by
optimizing conditions for settling andr/or filtration of the
process wastes. Long-range control of solids should take
the location of the treatment facilities into consideration.
These facilities should, when possible, be located at a
distance from a stream, which would afford protection from
seasonally high waters. - '

Table VII-49 presenté the chemical composition and treated
waste load for mine/mill 9904. :

Rare-Earth Ores

Currently, only one operation mines a lode deposit for its
rare-earth mineral content. This ogperation (mine 99023)
mines bastnaesite from an open pit and concehtrates the ore
in a flotation c¢ircuit. The flotation c¢oncentrate is
further upgraded in a leach circuit Lbefore final processing
in a solvent-extraction plant. Presently, the flotation
tailings are discharged to a tailing pond, and the clarified
pond water is recycled back into the flotation circuit.
Process wastes from the 1leach circuit are separately
discharged t¢0o an evaporation pond. The efficiency of
tailing-pond treatment of the water to be recycled is
presented in Table VII-50. '

The rare-earth mineral monazite is recovered primarily as a
byproduct of titanium operations. Treatment technology
employed at these operations is discussed under Titanium in.
this section.

Segreqation of Waste Streams. Because minesmill 9903 is

located in an arid region, water is a scarce commodity at
this site. It 1is primarily for this reason that water is

recycled from the tailing pond kack to the flotation
circuit. The leach-circuit wastes are not combined with the
water to be recycled, as this waste contains very high
dissolved-solid concentrations, which would undoubtedly
cause interference in the flotation circuit. At this mill,
the waste streams have been segregated, then, to facilitate
recycle. '

Tin Ores

Tin is obtained as a byproduct of molybdenum mining and
milling at one location in the United States. No separate
discharges result from tin mining or processing.. ‘
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CHEMICAL COMPOSITION OF TREATED EFFLUENT AND

TABLE V1149,
WASTE LOAD FROM MINE/MILL 9904 (FLATINUM)
TREATED WASTE LOAD
PARAMETER CONCENTRATION (mg/2) per unit of ore milled
IN WASTEWATER kg/1000 metric tons | Ib/1000 short tons |
coD 7.6 0.1 0.22
TSS 30 0.43 0.86
Fe 0.17 0.002 0.004
Pb 0.01 0.0001 0.0002
Zn 0.03 0.0004 0.0008
Fluoride 0.95 0.01 0.02

* TABLE VI1-50. CHEMICAL COMPOSITIONS OF RAW WASTEWATER
' AND TREATED RECYCLE WATER AT MILL 9903
{NO DISCHARGE)

CONCENTRATION (mg/2)
PARAMETER TREATED
= RAW WASTEWATER RECYCLE WATER
pH | 9.02” 758"
TSs 360,000 17,300
TDS 14,476 9,576
~TOC. . 3,100 1,400
cr ' 0.35 0.03
Total Mn 0.5 a5
v <0.3 <0.3
Y - 0.014
- La - 1.32
- Ce - 275
P - 0.27
Nd - 051
Sm - a1
Eu - <0.001
Gd - | 0.006
- Th - < 0.001
Fluoride 365 55

*Value in pH units
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Titanium Ores’

Titanium ores mined and milled in the United States occur in
two modes: as a hard rock deposit and as placer or heavy-
sand deposits of--ilmenite, rutile, and leucoxene. The
methods of mining and beneficiation of both types of
deposits are described 1in detail in Section III. The
treatment and control technologies employed at exemplary
operations in this ore category are described below.

MlnE/Mlll 9905. In the U.S., one operation is presently
mining a 1lode deposit for titanium minerals (primarily,
ilmenite). At this operation, ore mined from an open-pit
mine 1s crushed and floated to concentrate the ilmerite.
Prior to flotation, magnetite associated wzth the 1ilmenite
- is magnetically separated from the ore.

Process wastes, largely from the flotation c1rcu1t are
discharged to a formerly used open—plt quarry, which serves
as a tailing pond. Clarified overflow from this pit is
recycled back into the mill - circuit. Tailing-pond
treatment-efficiency data are presented in Table VII-51. No
chemicals are added for treatment purposes, although the
process water has an alkaline pH.

Although this mill employs a recycle system, rain and runoff
which collect in the recycle system occasionally result in a
seasonal discharge. Diversion ditching is not presently
used at this mill. If diversion ditching or other systems
were installed to prevent excess water from collecting, a
seasonal discharge might not occur at mill 9905.

Water is currently discharged from open-pit mine 9905.
Prior +to final discharge, this water 1is retained for
settling for a short time in a small pond. Improved
treatment of this mine water could be attained by ‘increased
retention time in a pond, and ky treatment with lime or
other precipitating agent 'to ensure optimum metal and
fluoride removal. e

MinesMills 9906 and 9907. These operaticns recover titanium
minerals (ilmenite and rutile) and the zirconium mineral
zircon from sand placers. Similar operations alsc recover
- the rare-earth mineral mcnazite. I

As these placer deposits. are located 1n1and the typical
practice is to construct a pond over the- body ‘and to
mine the placer by dredging. The heavy-mineral sands are
upgraded by gravity methods in a flotation mill,  and the
heavy minerals in the bulk concentrate are separated and
concentrated by electrostatlc and magnetic methods in a dry
miltl.
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TABLE VII-61. CHEMICAL COMPOSITIONS OF RAW WASTEWATER
AND TREATED RECYCLE WATER AT MILL 9905

. CONCENTRATION (mg/g)
PARAMETER » TREATED
J RAW WASTEWATER RECYCLE WATER |
Conductivity 650" , 490"
Turbidity (JTU) 2.2 ‘ 056
TSS - 26,300 o 2
TDS 518 : 526
TOC L 9.0 ' 125
Qil and Grease 2.0 . 2.0
As <0.01 0.01
cd - <0.002 <0.002
e 058 o 0.02
Cu 0.43 <0.03
~ Total Fe . . 630 <0.02
Pb _ , . <005 . - <0.05
Totai Mn . 59 0.3
Mg 0.004 < 0.0002
NG : 1.19 <007
v . 20 <05
o ‘ 2.08 ' <0.2
Zn 7.6 <0.002
Nitrate R . 0.68 R 0.50

. ‘
.. Value in micromhos/cm
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Process wastes emanating from the wet mill are discharged to
the dredge pond. Bowever, as discussed in Section V, the
primary waste constituents of the dredge-pond effluents are
the colloidal organic materials, of high ¢oloring capacity,
present in the ore body. These materials are flocculated by
reducing the pH to 3.5 with sulfuric acid. The water then
flows through a large pond system, where the coagulated
sludge settles. The clarified overflow from this system is
neutralized with 1lime prior to. £final discharge to the
receiving stream. Both acid and lime are fed by
automatically controlled equipment. Reagents are added to
the waste stream in flumes designed to. create turbulent
rFixinc. The treatment efficiency of <this system |is
presented in Tables VII-52 and VII-53 for operations 9906
and 9907, respectively. Waste~lcad reduction data are
presented in Tables VII-S&4 and VII-5S. o

Potential Control Technology at Sand Placer Operations.
Water used 1in the wet mill at these placer mines is drawn
from the dredge pond; therefore, in this sense, process
water is recycled. However, some fresh water is required
for use as pump seals, as wash water in the finisher
spirals, or in "laminar flows" (gravity-separation devices},
and this water is drawn from a well. :

A degree of waste-load reduction could be achieved by
partial recycle of the treated dredge-pond effluent back to
the wet mill for use in the finisher spirals or laminar
flows. Treated water would be suitakle to replace the fresh
water now used Fin the wet mill. The . primary reason ‘why
this practice is not currently employed is that water can be
drawn from wells at less expense than required to recycle
treated water. , '

Zirconium Ores

No primary operations for zirconium ores exist in the United
States. 2Zirconium is oktained as a byproduct of heavy-
mineral sand placer operations for titanium. No separate
discharge or waste loading can be assigned to this metal.

SUMMARY OF MINE/MILL OPERATIONS  EMPLOYING EXEMPLARY
WASTEWATER TREATMENT DL

Tables VII-56 and VII-57 present a summary of information
pertaining to minesmill operations, in all metal-ore
categories, which employ exemplary wastewater-treatment
technology exclusive of zero discharge. These tables
reflect several data sources, including NPDES discharge

Py
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TABLE VI1-52, CHEMICAL COMPOSITIONS OF RAW AND TREATED
WASTEWATERS AT MILL. 9906 '

.Value in pH‘unliits

. TValue in micromhos/em
'.Valué in cobalt units
"?Surge pond, diluted
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CONCENTRATION (mg/2)}
PARAMETER RAW WASTEWATER TREATED EFFLUENT'T
pH - 17"
Conductivity | 1251 2801'.
~ Color 51,400 75
TDS 1,606 96
TSS 11,000 11
coD 1,337.6 14.4
TOC 972.0 68
| Oil and Grease 400 1.0
Al ' 69 238
As 0.05 0.01
o 0.03 <0.01
Cu - <0.03 <0.03
Total Fe 4.9 0.25
Total Mn 0.036 < 0.01
“Hg - - 0.0002
T <0.2 <0.2
Zn. 0.014 0.017




TABLE VII-53. CHEMICAL COMPOSITIONS OF RAW AND TREATED

WASTEWATERS AT MILL 9907

CONCENTRATION {mg/2)

PARAMETER RAW WASTEWATER . TREATED EFFLUENT
pH - 64’
Conductivity a0t 2657
Color 16,240 13"
TDS 370 172
TSS 209 4
coD 361.6 128
TOC 321.2 38
QOil and Grease 40 1.0
Al 15 1.0
As 0.03 0.01
o <0.01 < 0.01
Cu <0.03 <0.03
Totai Fe 0.93 0.12
Total Mn <0.01 0.04
Hg 0.0024 0.003
Ti 0.40 <0.2
Zn < 0.002 0.025

Value in pH units
1'Value in micromhos/cm
Value in cobalt units
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TABLEIVII-54. WASTEWATER COMPOSITION AND TREATED WASTE LOAD
WITH ACID FLOCCULATION AND SETTLING AT MILL 9906

T . o TREATED WASTE LOAD, |
PARAMETER || CONCENTRATION (mg/2):| - per unit concentrate produced
A "IN WASTEWATER | kg/1000 metric tons | 1b/1000 short tons

pH ot - -

TDS 96 L 4,130 8,260

TSS 11 _ 473 946

coD 14.4 620 1,240

TOC | 6.8 . 290 580

Qil and Grease .10 a3 86

Al o - 28 120 | 240

As 0.01 0.43 0.86

Cr N <0.01 <043 - < 0.86

Cu , <0.03 <1.3 <2.6

Total Fe . 0.25 11 22

Total Mn <o.01 <0.43 <0.86

Hg ©0.0002 0.009 .. .0.018

T . <02 <8.6 <17.2

Zn ‘ ' 0.017 . 0.73 1.46

bl ! ’ ' . -
- Yotal amount of ore milled unavailable

TValue in pH units
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TABLE VII-55. WASTEWATER COMPOSITION AND TREATED WASTE LOAD

WITH ACID FLOCCULATION AND SETTLING AT MILL 9907

TREATED WASTE LOAD

PARAMETER CONCENTRATION (mg/ L} per_unit concentrate produced *
i IN WASTEWATER kg/1000 metric tons | Ib/1000 short tons

pH 6.4T - -
TOS 172 7,050 14,100
TSS 4 162 328
CcoD 128 520 1,040
TOC 38 150 300
Oit and Grease 1.0 41 82
Al 1.0 41 82
As 0.01 0.41 0.82
Cr < 00N <0.41 <082
Cu < 0.03 <1.2 <24
Total Fe 0.12 49 98 .
Total Mn 0.04 1.6 3.2
Hg 0.0003 0.01 0.02
Ti <02 <0.82 <1.6
Zn 0.025 1 2 -

»
Total amount of ore milled unavailabie

TVall..u! in pH units
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permits, industry monitoring data, and results of analysis
of samples collected by the contractor during site wvisits.
Treated waste concentrations presented in the tables are
.numerical averages, based, in most instances, on the most
recent and most comprehensive monitoring dJdata  supplied by
members of the industry. Concentrations for those treated-
waste parameters not monitored at a cparticular operation
were derived from contractor sample analysis. In addition,
raw-waste concentrations were alsco derived--primarily, from
contractor sampling data. 1In all instances, metal parameter
concentrations are total metal values unless specifically
identified otherwise. For those mines and mills where nine
2r more Jata points were avajilable, standard deviations were
calculated as a measure ¢of central tendency. Most annual
production figures for the exemplary facilities are based on
actual 1973 production, although a few figures reflect more
recent production schedules. .

The - information summarized in these tables provided much of
the data base used for recommending the BPCTCA and BATEA
effluent 1limitations for those categories not achieving, or
recommended to achieve, zero discharge. These limitations
are identified in Sections IX and X of this document. :
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SECTION VIII

COST, ENERGY, AND NONWATER-QUALITY ASPECTS

INTRODUCTION

The costs of implementation of the best practicable control
technelogy currently available, the best available
technology . economically achievable and new source
performance standards for the ore mining and dressing
“industry, as required Ly Section 304 of the Federal Water
- Pollution Control Act Amendments. of 1972 (PL92-500), are

‘summarized in. this section; the costs of implementation of
any other Federal, State or 1local regulations are not
- considered. ‘

Included in this section are capital and annual operating
costs which will be incurred by representative operations in
.each of the industrial subcategories within the ore mining
- and dressing point source category. Alsc included in this

" section where applicable, are the cost of diversion ditching

required for control of runoff specifically for pollution:
control. These costs represent incremental costs to attain
specified effluent treatment levels. For example, 1if <the
prevailing current practice encompasses use of tailing
ponds, the capital and operating costs associated with such
ponds are not included. The costs of any additional
treatment facility or activity necessary to meet the pres-
cribed standards, however, are included.

Separate capital and annual costs for BPCTCA and BATEA, and
to achieve +the New Source Performance Standards are
tabulated for typical or representative plants in each
industrial subcategory. Again, these are always expressed
as 1incremental costs. These costs are then combined in a
summary table to show the total costs incurred to attain the
specified effluent levels. All costs are expressed in 1972
dollars. The Marshall and Stevens Equipment Cost Index for
mining and milling is used where cost adjustments are
required. ' -

A summary of the costing methodology employed is presented
in the section which follows. A detailed description of the
cost categories, factors, relationships, data sources, and
assumptions utilized in computation of the industry costs is
contained in Supplement B. The selected approcach entailed
the derivation and validation of costs for the various faci-
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lities, activities, and materials which, in combination,
form the specified treatment processes.

Where applicable and practical, the costs are developed as a
function of variables which are generally known for specific
facility operations. Supplement B is organized ¢to
facilitate the computation of treatment costs for other
specified plant operations. ‘

SUMMARY COF METHODS USED

Capital Costs

Capital Ccosts include all costs incurred for <the
construction, procurement, and installation of required
treatment fac111t1es and equlpment. ‘

The major fac111ty and equipment categor1es used to compute
capltal costs are: :

Impoundments
Settling Ponds/Lagoons
Tailing Ponds
Tailing-Pcond Distribution System

Treatment Processes/Facilities/Equipment

Clarifiers/Thickeners

Lime Neutralization and Precipitation
Bydrated-Lime System
Pebbled-Lime System

' Coagulation/Flocculation (including Ferric Sulfate
Treatment)

Sul fide-Precipitation Treatment

Ion Exchange

Aeration

Barium Chloride Coprec1p1tat10n

Ammonia Stripping

Recarbonations/Sulfur Dioxide Addition

Transpert Systems
Pipes
Pumps
land
Other Costs ‘
Contingency
. Contractor Fee

The cost of impoundment is computed as a function of the.
volume <c¢dOntained, ' total depth, and dike dimensions. Large
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variations in costs are encountered for the construction of
an impoundment of given size. A major factor is the local
topography. For example, very little dike construction may
be necessary where advantage is taken of an existing ground
depression. In other areas, dikes may  have to. ' be
constructed along the entire perimeter. In estimating
impoundment costs for typical plants, it has been assumed
that dikes must be constructed around the entire perimeter.
Detailed data are presented in Sugplement B, however, which
permit estimation of costs for specific lagoon and dike
designs. The impoundments have been sized to c¢ontain or
treat, as applicable, the estimated runoff from a 1 in 10-
year, 2u-hour storm and a 1 in 25—year, Zﬂ-hour storm.

_It is assumed that cyclones are used at talllng ponds to
separate solids from the waste streams. :

Thickener  and clarifier costs are based on vendor
quotations. Costs are determined as a function of capacity.

Treatment costs vary with the characteristics and magnitude
of the waste streams. Two types of lime neutralization/pre-
cipitation facilities are considered. One uses hydrated
lime, introduced as a slurry; the other, pebbled 1lime,
stored dry. The first is practical for operations
characterized by flows of 1less <than 18,925 cubic meters
(5,000,000 gallons) per day. The second is generally used
to treat waste streams of higher volume.

The major components of the hydrated~lime system are tanks,
a slurry mixer and feeder with associated instrumentation,
pumps, and a building to house the latter two components.
Lime storage consists of a 15- to 30-day supply. Treatment
facility costs are computed for application of 0.45 and 0.90
kg of lime per 3,785 liters (1 and 2 1b/1000 gal) of
effluent flow. ‘ : -

The pebbled-lime system consists of storage silo(s), lime
feeders and slakers, mixing tanks, and pumps. Storage silos
are designed to accommodate a 1l5-day sugply of lime. Lime
feeders and slakers with feed rates of 455 to 1,818 kg
- (1,000 to 4,000 1lb) per hour are used, together with mixing
tanks of sufficient size for 15-minute retention. Costs are
developed for treatment systems designed toc add 0.9 or 1.4
kg of lime per 3,785 1 (3.785 cubic meters) (equivalent *to 2
and 3 1b/1,000 gal) of wastewater. -

In some instances, slightly larger applications of lime than
previously noted are necessary where either hydrated- or
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pebbled-1lime . facilities are used. No changes in facilities
are made in these cases. Rather, it is assumed that the
lime storage facilities are resupplied more frequently. The
increased application o©f 1lime thus is reflected only in
increased operating costs. ' ‘ e

Many variations of coagulation and flocculation are
possible. One basic system is considered in this study. It
‘consists of a mixing tank(s), two holding tanks, and two
positive displacement pumps. The flocculant is mixed to
provide a 0.S5-percent solution. The mixture is . then
transferred to a holding tank, where the solution is diluted
to 0.1 percent. One of the holding tanks is used t¢ feel
the solution into the waste stream while a new batch of
. solution is made up in the other. The pumps are used to
- transfer the  solution from the mixing tank to the holding
tank and to meter the solution into the waste stream. :

Ferric sulfate <treatment is essentially similar to
coagulation/ flocculation. A three ppercent ‘solution is
mixed directly in two holding tanks and metered into  the
waste stream. Each tank holds a one-day supply of solution.
- The need for the mixing tank and one pump is eliminated.

Coagulationsflocculation and ferric sulfate systems are
tailored to individual plant  requirements, as shown in
Supplement B. An important aspect to be noted here is that
there. are tradeoffs between equipment sizes and the number
. of batches of solution mixed daily. L

"The cost of installing - a sodium sulfide treatment system
"generally is very 1low. In many instances, this system
consists of a 208-liter (55-gallcn) drum, from which the
sulfide solution trickles into the waste stream. The amount
needed depends on the characteristics of the waste stream;
generally, it is of the order of 1 to 2 mg/1 (1 to 2 ppm).

The cost of an ion-exchange unit is a function of the amount
of resin needed, which, in turn, depends on the daily flow,
- the characteristics of the 'wastewater, and the specific
standard to be achieved. The amcunt of resin required is
determined for each plant where this treatment is employed.
The ion-exchange unit c¢osts include purchase costs of the
main unit, and ancillary equipment, as well as installation

Two applications of aeration are considered in the study:
one for mixing, the other for ‘oxidation. The former is
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designed to raise the DO level in the wastewater. 1Its cost
is determined on the basis of the volume of water to be
agitated. The latter application consists of the chemical
- addition of oxygen, where the amount of oxygen required is a
function of chemical change to be achieved. The  cost in
this case 1is computed from the amount of oxygen which must
be added to the water.

Barium chloride coprecipitation treatment costs are based on
industry sources. The original data provided information
for operation rated at a 5,670 m? (1,500,000 galons) per
day. The cost of reagents are not included as part of the
capital cost. They are included however, under operating
cost. ‘ ’ = ' : :

The main components of a ammonia stripper are a plastic
mixing tankfcontaining caustic soda, a metering pump, and a
packed column. ' This treatment is used in only one instance.
The amount of wastewater treated is 530 m3 (140,000 gallons)

per day.

- Both recarbonation and sulfur dioxide addition utilize a

" holding tank sized for five minutes of retention. Carbon

. dioxide or sulfur dioxide is bubbled through the wastewater
while it is contained in the holding tank.

Piping and pump requirements depend on the average flow
.. rates, the characteristics of the waste stream, and the
- distance over which the waste stream must be transported.
- Pipe and pump sizes and costs for waste streams which
contain a significant amount of solids are based on a flow
rate of 1' m (3.3 ft) per second and on the use of slurry
pumps. Wastewater - which carries relatively little solid
material is assumed to be pumped at a rate of 2 m (6.6 ftY}
per second utilizing  water rpumps. The cost of a standby
pump is included in all cases. : )

All fac111t1es are assumed to.be located on rural land. The
cost used is $1 755 per hectare (3730/acre). -

: Contlngency and contractor fees are 1ncluded as: 13  percent
- Qf the capltal costs.. :

Annual Costs
The cost categories included are:

Annual: capital recovery
Facility repair and maintenance
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Equipment repair and maintenance
Operating personnel

Material

Energy (Power)

Taxes

Insurance

Annual capital recovery, as defined for this study, includes
the cost of both capital and the depreciation. The cost of
capital is computed at 8 percent. The assumed useful  lives
of facilities and equipment are 20 and 10 . years,
respectively.

Annual capital recovery costs are computed as follows.

CA =B ___(r) (L + rexp n
{(l + ryexp n) - 1

where
B = Initial cost
r = True annual interest rate
n = Useful life in years

Annual land cost is also included in the capital recovery
cost. This cost is computed as an opportunity cost at an
annual rate of 10 percent.

Facility repairs and maintenance are included as 3 percent
of initial capital cost, excluding ccntingency and fee. The
rate applied to equipment is S5 percent of initial installed
cost per year. This is an average cost applicable to mining
and milling equipment.

One exception to the above rates is. the: maintenance -and
repair of tailing ponds. Extensive effort is required for
periodically raising the distribution pipes, moving - the
cyclones, and reshaping the uprer rporticons of the dike(s).
The annual cost is estimated at 30 percent of the initial
cost of the distrikution system (Reference 74).

Operating perscnnel are assigned for specific tasks. which
must be performed at the treatment facilities. . A _cost of
$£9.00 per hour, which includes fringe benefits, overhead,
and supervision, is applied.

Material costs are a function of the type of treatment
process employed, the volume of the wastewater which must ke
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treated, its characteristics, and the effluent levels which
must be attained. Representative delivered material costs

ares

Pebbled Lime $ 30.80/metric ton $ 28.00/short ton
Hydrated Lime 38.50/metric ton 35.00/short ton
Sodium Sulfide 0.22/kg 0.10/1b
Flocculant 2.20/kg 1.00/1b
Alum 0.07/kg 0.03/1b
Ion-Exchange -
(IX) Resins 2,500/cubic meter 70.80/cubic foot
Ferric sulfate 49.50/metric ton 45.00/short ton

Barium Chloride 805.00/metric ton 730.00/short ton

Energy costs are based on the cost per horsepower-year, com-
puted as follows:

Cy = hp x 0.7457 x hr x Ckw
E X E
where

Cy = <Cost per year

hp = Total horsepower of motors

E = Efficiency factor

P = Power factor

hr = Annual operating hours

Ckw = Cost per kilowatt hour

Efficiency and power factors are each assumed to be 0.9; the
cost per kilowatt hour, $0.012.

The computed cost is increased by 10 percent to account for
miscellaneous energy usage.

Annual taxes are computed as 2.5 rpercent of land costs.
Insurance is estimated at 1 percent of capital cost.

The discussions which follow are presented by ore mining/
milling category and sukcategory. Subcategories in which no
operations currently have discharges are not discussed in

this section.

587



WASTE WATER-TREATMENT COSTS FOR IRON-OCRE CATEGORY

Iron—-0Ore Mines

‘There are 39 major iron-ore-producing mines currently in
operation. Ore production from these operations ranges from
65,300 to 40,634,000 metric tons (73,000 +to 44,800 short
tons) annually, with mine wastewater ranging from 0 to
80,000 cubic meters (0 to 21,000,000 gallons) per day.

A typical mine with an annual ore production of '8,&60,000
metric +tons (9,400,000 short tons) and a wastewater flow of
47,520 cubic meters (12,500,000 gallons) per day was ' chosen
to represent this sukcategory. L

Two levels of technology are considered. The total cost of
each level is shown in Table VIII-l. ' R

Waste Water Treatment Control

Level A: Coagulag;gn/?loceu1ation, Settling, and Discharge

'The mine wastewater is treated with 25 mgs/l of  alum and 1
mg/l of flocculant for suspended-solid removal. The treated
~effluent is then retained for two days in a settling pond
before discharge. The capital and operating costs and
assumptions for attaining this level are shown below.

~Capital-Cost Components and Assumptions for Level A:
Flocculation system -
1 mixing tank of 1900-1liter (500—gallon) capacity’
2 holding mix tanks of 9, SOO—llter (2, SOO-gallon)
capacity

Plplng - Flow 2 1 m (3.3 ft)/sec through 60-cm (Z—ft) x
" 250-meter (820-foot) Eipe

Pumps - 2 positive-displacement

Pond - 4-meter (l1l3-foot) dike height _
6-meter (20-foot) top width N o
143,000-cubic-meter (37,777,000-gal) capacity

Land - 4.2 hectares (10 acres)
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TABLE VIII-1, WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY: lron-Ure Mines
PLANT s1ze: 8,460,000 METRIC TONS (9,400,000 SHORT TONS) PER YEAR OF oTe mined

PLANT AGE: 7 YEARS PLANT LOCATION: Mesabi Range
a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS
- _ COSTS {$1000) TO ATTAIN LEVEL
COST CATEGORY -
N A 8 ¢ D E
| TOTAL INVESTED CAPITAL ‘ 192.5 384.6
ANNUAL CAPITAL RECOVERY 21.1 49.7
ANNUAL OPERATING AND MAINTENANCE 88 .6 241 .4
COSTS [EXCLUDING ENERGY AND POWER) . .
ANNUAL ENERGY AND POWER COSTS 1.3 15.9 ‘ , .
TOTAL ANNUAL COSTS 111.0 307.0 I ' "
= e . — —_————
COSTSI{SH/METRIC TON OF PRODUCT® 0.013 0.036 :

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/%) (ppm)

PARAMETER : . Raw't AFTER TREATMENT TO LEVEL

{UN-
TREATED)

TSS 30 20 20,
Dissolved Fe - 2.1 1.0 0

*ORE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.8507

'HISTORICAL DATA
LEVEL A: COAGULATION/FLOCCULATION, SETTLING, AND DISCHARGE

LEVEL B: LEVEL A PLUS LIME PRECIPITATION
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Operating-Cost Assumptions for Level A:

Coagulant - 415.8 metric tons (457.4 short tons)/year
| Flocculant - 16.67 metric tons (18.34 short tons)/year ;
Operating personnel - 5 mixess/day @ 1 hr/mix .

Power - 9.7 kW (13 hp)

Capital Investment:

Facilities
Lagoon . $ 122,000
Contingency and contractor's fee ‘ 15,860
Total facility cost . . $.137,860
" Land , . 1,350

Equipment
Flocculation/Coagulation unit™ ' 14,900
Piping 27,000
Equipment subtotal : 41,900
Contingency and contractor's fee ‘ 'S,HMS
Total @equipment cost 47,345
Total Capital Investment _ 192,555

Annual Cost:

Amortization
Facility | $ 14,040
Equipment 7.055.
Total Amortizatlon ‘ $ 21,095

Operation and Maintenance {OE&M)

Land 5 735 -
Operating personnel ° 15,750
Facility repair and maintenance . 3,660
Equipment repair and maintenance . 24095
Materials 64,260
Taxes ‘ - 185
Insurance ‘ R 1,925
Total OEM costs : ' $ 88,610
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Electricity ’ . 1,325

Total Annual Cost $ 111,030

Level B: Level A plus Lime Precipitation

In addition to level-A technology, the wastewater is treated
with 0.9 kg of pebbled 1lime per 3.785 cubic meters (2
1bs/1000 gallons) of wastewater before entering the settling
pond. The incremental cost for lime precipitation is shown
below.

The capital. and operating costs and assumptions ' for
attaining level B are shown below. ~

Carpital-Cost Components and Assumptions for level

Lime precipitation system

Operating-Cost Assugpt;pns for Level B:

Lime - 4,000 metric toné {4,410 short tons) /year
Operatlng personnel - 2 hr/shift, 6 hr/day
Power - 108 kW (145 hp) ‘

Capital Investment:

Eguiéﬁgnt

Lime precipitation unit $ 170,000
Contingency and contractor's fee - - 7. .-+ .22,100
-Total equipment cost . .$ 192,100
Total Capital Investment ‘ % 192,100

Annual Cost:

Amortization : ‘ $ 28,630

Operation and Maintenance (O&M)

Operating personnel $ 18,900
Equi pment repair and maintenance , 8,500
Materials : : 123,480
Insurance 1,920
Total OEM costs : : 152,800
Electricity | 14,570
‘Total Annual Cost ' $ 196,000
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Iron-o;g'Mills‘Emgloxinq Chemical and/or Physical Separation

There are 34 jiron-ore mills in this subcategory. The amount
of . ore milled ranges from 364,000 to 6,600,000 metric tons
(402,000 to 7,236,000 short tons) annually. The daily mill
wastewater -ranges  from 0 to 22,320 cubic meters (0 to
$,900,000 gallons). '

The representative mill operation emgloying a chemical
and/or physical process mills 5,000,000 metric tons
(5,550,000 short tons}) of ore annually. The wastewater flow
is 13,435 cubic meters (3,550,000 gallons) per day. ‘

Two levels of technology are considered . for. thié
subcategory. The total cost of each level is shown in Table

Waste Water Treatment Conrol

Level A: Flocculation, Settling, and Discharge

The wastewater 1is treated with 5 mgsl of flocculant and:
flows, by gravity, to a settling pond. The retention time.
is assumed to be two days before discharge.

The capital and operating costs and assumptions for
attaining this level are shown below. : K . .

Capltal Cost Assumptlons for Level A:

Pond - 3-meter (l0-foot) dlke height
6 -meter (20-£foot) top width
40,300-cubic-meter (10,646,000-gal) capac1ty

Flocculat;on system -

: 1l mixing tank @ 1,900-1liter (500-gallon) capaC1ty
2 holding tanks @ 9,500-liter (2,500~-gallon) capacity
2 posxtlve—dlsplacement pumps

Piping - Flow @ 1 meter (3.3 feet)/sec through 32-cm
(1-ft) x 1l00-meter (328 foot) plpe

Land - 1 6 hectares (4 acres)
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TABLE VIII-2, WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

, SUBCATEGORY: Iron-0Ore Mills Employing Chemical/Physical Separation

PLANT SIZE: 5,000,000 METRIC TONS {5,500 , 000 SHORT TONS) PER YEAROF_oOTe milled

' PLANT AGE: 17 __YEARS PLANT LOCATION: Michigan

s. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

- o ' COSTS {$1000] TO ATTAIN LEVEL
COST CATEGORY

} , ' A B c 0 E

TOTAL INVESTED CAPITAL 65.0 181.0

ANNUAL CAPITAL RECOVERY 7.5 24 .8
1 ANNUAL OPERATING AND MAINTENANCE 80.1 139.3
| COSTS (EXCLUDING ENERGY AND POWER) . .

"ANNUAL ENERGY AND POWER COSTS 1.3 13.3

TOTAL ANNUAL COSTS | 88.9 | 177.4
COSTS(S)/METRIC TON OF PRODUCT® 0.018 0.035

'b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION Img/ ) (ppm)

. PARAMETER - nAW AFTER TREATMENT TO LEVEL
TREATED)| A B c D £

TSS - 200,000| 20 { 20

Dissolved Fe ' 1.5 1.0 0.5

‘oRE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT {ORE MILLED), MULTIPLY COSTS SHOWN B8Y 0.907

LEVEL A: FLOCCULATION, SETTLING, A_ND.DISCHARGE
LEVEL B: LEVEL A PLUS LIME PRECIPITATION
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Operating-Cost Assumptions for Level A:

Flocculant - 23.45 metric tons (25.8 short tons)/year
Operating personnel - 8 mixes/day @ 1 hour/mix
" Power = 9.7 kW (13 hp)

Capital Investment:

Facilities
Lagoon | $ 34,100
Contingency and contractor's fee : o435
Total facility cost $§ 38,535
Land ' ' : 2,800
Equipment
Flocculation unit ' 14,900
Piping 6,100
Equipment subtotal ' 21,000
Contingency and contractor's fee 2,730
Total egquipment cost 23,730
Total Capital Investment $ 65,065

Annual Cost:

" Amortization
Facility $ 3,925
Equipment 3,535
Total amortization 3 7,460

Operation and Maintenance (O&M)

Land 280
Operating personnel 25,200
Facility repair and maintenance 1,025
Equipment repair and maintenance 1,050
Materials 51,805
‘Taxes . 70
Insurance 650
Total OEM costs , 80,080
Electricity 1,325

;Total Annual Cost $ 88,865
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Level B: Level A plus Lime Precipitaticn

In addition to level-A technology, the wastewater is treated
with 0.9 kg of hydrated 1lime per 3.785 cubic meters (2
1b /1000 gal) of wastewater before entering the settling
pond. ‘ '

The capital and operating costs and assumptions for
attaining this 1level and this size of operation are shown
below.

Capital-Cost Components and Assumptions for Level B:

Lime precipitation system

Operating-Cost Assumptions for Level B:

Lime - 1,127 metric tons (1,240 short tons)/year
Operating personnel - 1 hr/shift, 3 hr/day
Power - 81 kW (108 hp)

Capital Investment:

Equipment
Lime precipitation unit | $ 102,650
Contingency and contractor's fee 13,345
Total equipment cost $ 115,995
Total Capital Investment $ 115,995

Annual Cost:

Amortiiation
Equi pment | | $ 17,285

Total amortization $ 17,285

Operation and Maintenance (OEM)

Opérating personnel 9,450
Equipment repair and maintenance 5,135
Materials 43,490
Insurance 1.,15¢C
Total O&M .costs 59,235
Electricity 12,000
Total Annual Cost ' $ 88,520
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WASTE WATER-TREATMENT COSTS FOR COPPER-ORE CATEGORY

copper Mines

There are 55 major copper-producing mines currently in
operation. Ore production ranges from 130,320 to 34,500,000
metric tons (143,600 to 38,000,000 short tons) annually.
Mine wastewater ranges from 0 to 30,522 cubic meters (0 to
8,064,000 gallons) per day. :

A representative copper mine produces 16,550,000 metric tons
©. (18,250,000 short ¢tons) a year and has an average daily
- wastewater flow of 2,725 cubic meters (720,000 gallons).

One level of techhology is considered. The tdtal &ost “for
" this level is shown in Table VIII-3. ' :

A\

. Waste Water Treatment Control

Level A _: ILime Precipitation, Settling, Recarbonation, and
Discharge '

The mine drainage is treated with 0.9 kg of hydrated 1lime
per 3.785 cubic meters (2 1b/1000 gal) to precipitate
"dissolved metals.  The treated effluent is then retained in
a settling pond for two days. Recarkonation is required for
PH adjustment before discharge.

The capital and operating cost ccmponents and assumptions
for attaining this level are shown below.

3‘Capita1-Cost Components and Assumgtions for Level A:

Pond - 3-meter (1l0-foot) dike height
3-meter (1l0-foot) top width
8,500-cubic meter (2,245,000-gal) capacity

Lime precipitation system

Recarbonation system - o '
1 heolding tank, 5-minute retention,. $,500-liter

(2,510-gallon) capacity
1 ejector

Piping - Flow 2 2 meters (6.6 feet)/sec through l4-cm

596



"TABLE Vili-3. WATER EFFLUENT TREATMENT COSTS AND RESULTING 7
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY:

Copper Mines

PLANT §IZE: 16,550,000 METRIC TONS (18,250, 00084HORT TONS) PER YEAR OF OTe mined

PLANT AGE: 19 vEaRs

s. COSTS OF TREATMENT TG ATTAIN SPECIFIED LEVELS

"PLANT LOCATION: Montana

COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY
. A 8 [+ -] l E
e

TOTAL MHVESTED CAPITAL 108.1 t

ANNUAL CAPITAL RECOVERY 15.3 1

ANNUAL OPERATING AND MAINTENANCE | 24 .0 t

COSTS (EXCLUDING ENERGY AND POWER] |, i

ANNUAL ENERGY AND POWER COSTS 5.0 t ‘ .

TOTAL ANNUAL COSTS 44 .3 t ‘
COSTSISI/METRIC TON OF PRODUCT® 0.003 t

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/2} (ppm!}

AFTER TREATMENT TO LEVEL

PARAMETER Raw
{UN.
TREATEDI A B c ’ D E
TSS 40 20 20 :
Pb o 0.25 |o0.2 0.1
g - 0.002 | 0.001 | 0.001
in 31.3 0.5 0.5
Cu 5.30 0.05 0.05 .

.OHE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0807

LEVEL A: LIME PRECIPITATION, SETTLING, RECARBONATION, AND DISCHARGE

LEVEL B. LEVEL A + OPERATING EXPERIENCE AND CLOSER CONTROL OF OPERATING
CONDITIONS IN TREATMENT SYSTEM. o

' no ADDITIONAL COSTS INCURRED.
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(5. S-ln.) x looo-meter (3,280-foot) pipe
Land - 0.54 hectare (1l.33 acres)

Operatlnq—Cost Assumptlons for Level A:

Lime - 228.6 metrlc tons (251.5 short tons)/year
Operatlng personnel -1 hr/shlft, 3 hr/day
Power - 37 kW (50 hp)

C02 - can be reclaimed from mllllng operatlons' thus,
no additional cost

Capital Investment:

Facilities
Lagoon | -~ $ 12,000
Contingency and contractor S fee 1,560
Total facility cost ‘ -~ § 13,560
Land | | 975
Equipment
Lime precipitation unit ‘ 45,000
Recarbonatlon A : , 3,800
Piping : 34,000
Equipment subtotal . 82,800
Contingency and contractor's fee ' 10,765
Total equipment cost _ ‘93,565
Total _Capital Investment . $ 108,100 .

Annual Cost:

Amortization
Facility _ . : $ 1,380
Equipment ’ S ‘ 13,945,

Total amortization . ‘ $ -15,325

Operation and Meintenance‘(OSM)

Land 3 100

Operating perscnnel ‘9,450
Facility repair and maintenance 360

598



Equipment repair and malntenance ‘4,140

Materials ‘ - 8,820
Taxes _ 25
Insurance L : 1,080
Total OEM costs : : $ 23,975
Electricity - ~ _5,000
Total Annual Cost - $ 44,300

Copper Mills Using Froth Flotation

There are five mills in this subcategory. Ore production
ranges- from 1,211,000 to 17,714,000 metric tons (1,336,000
to 19,530,000 short tons) each year. The daily wastewater
flow ranges from 21,760 to 95,000 cubic meters (5,750,000 to
25,000,000 gallons).

A typical operdtion +that annually mills 8,000,000 metric
tons (8,840,000 short tons) with a daily wastewater flow of
95,000 cubic meters (25,000,000 gallons) was chosen to
represent this suhcategory.

Two levels of technology are 60nsidered for this
subcategory. The total cost of each level is shown in Table
VIII-4. ' ‘

waste Water Treatment contrcl

Level A: Lime Precipitation, Polyelectrolyte Addition,
Settllng, and Discharge

Approximately 70 percent of the rill effluent is treated
with 1.36 kg of pebbled lime per 3.785 cubic meters (3
1b/1000 gal) of wastewater to precipitate heavy metals from
acid solution. This 1is later mixed with the remaining
effluent. In addition, polyelectrolytes are added during
upset conditions {spring and summe r) to increase
flocculation. The effluent is retained for two days in a
- settling pond before discharge. The capital and operating
cost components and assumptlons for attaining th;s level are
shown below.
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- TABLE VIIl-4. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

SUBCATEGORY: Copper Mills USinyg Froth Flotation

7 .
PLANT size:_ 8,000,000 METRIC TONS ( 8,840,000 sHoRT ToNS) PER YEAR OF_OTe milled

PLANT AGE: 20  YEARS PLANT LOCATION: North-Central U.S.

8. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY
A 8 c D E

TOTAL INVESTED CAPITAL _ §23.7 1,521.0 7
ANNUAL CAPITAL RECOVERY 64.8 286.3
ANNUAL OPERATING AND MAINTENANCE | 347 2 104.2
COSTS (EXCLUDING ENERGY AND POWER) - )
ANNUAL ENERGY AND POWER COSTS 21.5 0.0

TOTAL ANNUAL COSTS , 428.5 480.5
COSTSIS}/METRIC TON OF PRODUCT" 0.054 0.06

b. RESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION {mg/ 1) (ppm)
PARAMETER ?AW AFTER TREATMENT TO LEVEL
UN-
TREATED!) A B c D E

TSS 167,000t 20 0

Cyanide 0.02 0.015 0

Pb** 0.25 0.2 0

in** 0.58 0.2 0

Cd*** 0.06 0.05 0

Cu®” - 2.26 0.05 0

Hg ' 0.0071| 0.001 0

.OHE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT {ORE MILLED}, MULTiPLY COSTS SHOWN BY 0.907

LEVEL A: LIME PRECIPITATION, POLYELECTROLYTE ADDITION, SETTLING, AND DlSCHARGE :
LEVEL B: TOTAL RECYCLE (ZERO DISCHARGE)
*® AVERAGE OF TWO TYPICAL FACILITIES FOR THESE PARAMETERS

***HYPOTHETICAL
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Capital-Cost Components and Assumptions for level A:

Pond - 4-meter (1l3-foot) dike height
6-meter (20-foot) top width ‘ -
300,000-cubic-meter (79,252,000-gal) capacity
Lime precipitatiou system

Polyelectrolyte feed system - data supplied from
' industry surveyse.

Piping - Flow 2 2 meters (6.6 feet)/sec thfough‘Bﬂ-cm
(33-in.) x 100-meter (328-foot) pipe .

Land - 11 hectares (27 acres)

Operating-Cost Assumptions for Level A:

Lime - 8,100 metric tons (8,910 short tonms) /year

Polyelectrolyte = 45.35 metric tOns (50 short tons)/year
@ $900/metric ton

Operating personnel - 8 hr/day

Power - 160 kW (215 hp)

. Capital Investment:

Facilities

Lagoon ' $‘194,000
Contingency and contractor's fee | 25,220
Total facility cost - $ 219,220
Land | 19,250
Equipment
' Lime precipitation unit | $ 230,000
Polyelectrolyte feed system o 9,000
‘Piping : . . 13,400
Equipment subtotal 252,400
- Contingency and contractor's fee ‘ 32,810
Total eguipment cost - §F 285,210
Total Capital Investment | $ 523,680

Annual Cost:’

Amortization
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Facility ‘ s 22,330

Equi pment 42,505
© Total amortization $ 64,835

Operation and Maintenance (O&M)

Land ‘ . : 1,925
Operating personnel ‘ ‘ 25,200
Facility repair and maintenance 5,820
Equipment repair and maintenance : 12,620
Materials - S 290,900
Taxes , : 480
Insurance 5,235
Total OEM costs _ 342,180
Electricity 21,500
Total Annual Cost - $ 428,515

Level B: Total Recxcle'(Zerd Discharge)

Total recycle includes additional pumps and piping for
recirculating the impounded water from the tailing pond.
The capital and operating costs and assumptions for
attaining this level are shown below.

Capital-Cost Components and Assumptlons for Level B:

Piping - Flow @ 2 meters (6.6 feet)/sec through 8i4-cm
(33-in.) x 10,000-meter (32,800-foct) pipe

Pumps -9 75-kW (100-hp) plus 9 standbys

operating-Cost Assumgtions for Level B:

Power - 675 kW (900 hp)

Capital Investment:

Equipment
Piping B | | $1,340,000
Pumps : 360,000
Equipment subtotal 1,700,000
Contingency and contractorts fee 221,000
Total equipment cost . $§ 1,921,000
Total Capital Investment $1,921,000

Annual Cost:
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aAmortization

Equipment | $ 286,290
Total amortization $ _286,290

Operation and Maintenance (O&M)

Equipment repair and maintenance : 85,000
Insurance 16,21C
Total OEM costs 104,210
Electricity | 90,000
Total Annual Cost $480,500

WASTE WATER-TREATMENT COSTS FCOR LEAL- ANL ZINC-ORE CATEGORY

LeadsZinc Mines With No Solubility Potential

There are 12 mines in this subcategory. Ore production
ranges frem 143,300 to 2,280,000 metric tons (158,000 +to
. 2,514,200 short tons) annually. Mine wastewater flow ranges
from 6,810 to 49,200 cubic meters (1,800,000 to 13,000,000
gallons) per day.

A hypothetical mine was selected as the representative for
this sulkcategory. It is assumed tC have a wastewater flow
of 18,925 cubic meters (5,000,000 gallons) a day and an
annual ore production of 630,000 metric¢ tons (700,000 short
tons).

One level of technology is considered. The total cost of
achieving this level is shown in Table VIII-5.

HWaste Water Treatment Control

Level A: Sedimentation Lagoon, Secondary Settling, and
Discharge .

Since there is no solubilization potential for héavy metals,
- no precirpitation is necessary. However, suspended-solid
concentrations present a problem. The recommended
technology includes use of two settling ponds: one large
pend. 'with a 1l0-day retention and a smaller polishing pond
with a 2-day retention. : -
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TABLE VIlI-6. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-
LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY:

Lead/Zinc Mines (Mines Exhibiting Low Solubility Potential)

PLANT SIZE 6 30 000

MeTRIC Tons (/00,000  sHORT TONS} PER YEAR OF OTe mined .

PLANT AGE:N/A vEARsS PLANT LOCATION: N/A

8. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

. COSTS {$1000) TO ATTAIN LEVEL
COST CATEGORY '
‘ A |- B - € 0 [ E

TOTAL INVESTED CAPITAL : 413.6 t
ANNUAL CAPITAL RECOVERY 46.7 t
ANNUAL OPERATING AND MAINTENANCE | ]9 & t
COSTS (EXCLUDING ENERGY AND POWER) )
ANNUAL ENERGY AND POWER COSTS . 8.2 '

TOTAL ANNUAL COSTS . ] 7404 t
COSTS($)/METRIC TON OF PRODUCT® 0.12 Tt

b. RESULTING WASTE-LOAD CHARACTEBISTICS

_ CONCENTRATION (mg/2) {ppm)
PARAMETER ?A:l AFTER TREATMENT TO LEVEL

UN- -

, TREATED)| A 8 c o

_

TSS 138 20 20

Cu 0.05 .05 0.05

Pb 4.9 0.2 0.1

Zn 0.7 0.5 0.5

Hg 0.002 {0.001 0.001 |-

'ORE MINED. TO OBTAIN COSTS/SHORT TON OF PRCDUCT, MULTIPLY COSTS SHOWN BY 0807

LEVEL A: SEDIMENTATION LAGODON, SECONDARY SETTLING, AND DISCHARGE
LEVEL B: LEVEL A + OPERATING EXPERIENCE AND CLOSER CONTROL

OF OPERATING CONDITIONS IN TREATMENT SYSTEM
T NO ADDITIONAL COSTS INCURRED
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Capital and operating cost components and assumptions for
attaining this level are shown below.

Capital-Cost Components and Assumpticns for Level A:

Pond A - 4-meter (l3-foot) dike height
: 6-meter (20-foot) tog. width
250,000~cubic-meter (66,043,000-gallon) capacity

Pond B - 3-meter {(1l0-foot) dike height
3-meter (l0-foot) top width
- 50,000~cubic-meter (13,209,000-gal) capacity

Piping - from mine to pond A, 1000 meters (3,280 feet);
"from pond A to pond B, 500 meters (1,640 feet).
Flow @ 2 meters (6.6 feet)/sec through
37.5-cm (l4.8-in.) pipe.

Pumps - from mine to pond A2 - 1 plus standby,
13,140 1(3,469 gal)/minute each

Operating-Cost Assumptions for Level A:

Power - 60 kW (80 hp)

. Capital Investment:

Lagoon (s) $ 225,800

Contingency and contractor's fee : 29,355
Total facility cost . ‘ $ 255,155
Land - S 19,425
Equipment | |
Piping . 105,000
Pumps 18,000
Equipment subtotal 123,000
Contingency and contractor's fee 15,990
Total equipment cost 138,990
Total Capital Investment s u13;57o

Annual Cost:

Amortization
Facility - $§ 25,990
Equipment , 20,715
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Total amortization $ 46,705

Operation and Maintenance (0O&M)

Land | .. 1,945
Facility repair and maintenance 6,775
Equipment repair and maintenance 6,150
Taxes 485 -
Insurance E 4,135
Total OEM costs 19,390

Electricity S ' 8,16, o
Total Annual Cost _ | . 7“,360

Lead/Zinc Mines With Solubjility Potential

There are 16 known mines in this subcategory. Annual ore
production ranges from 143,300 ¢to 669,240 metric tons
(158,000 +¢o 737,860 short tons). Mine wastewater flow
ranges from 950 ¢to 131,050 cubic meters. (251,000 -to
34,623,500 gallons) per day. '

. A hypothetical mine was selected as representative for this
- subcategory. It is assumed to have a wastewater flow of
18,925 cubic meters (5,000,000 gal) per day and an annual
ore production of 630,000 metric tons (700, OOQ short tons).

Two levels of technology are considered. The total cost of
achieving these levels is shown in Table VIII-6.

Waste Water Treatment contr rol

Level A: Lime Precipitation, Settling, and Didscharge

Acid mine wastewater has the potential for solubilization of
undesired metals. The technology wutilized. for this
occurrence is lime precipitation and settling. Since ' the
mine drainage is acid, a concentration of 1.36 kg of pebbled
lime per 3.785 cubic meters (3 1lbk/1000 gal) of wastewater is
required ¢to raise pH sufficiently high for precipitating
metals. The treated water is then retained for a minimum of
10 days before discharge. Pumps are not 1listed as a
separate " item, since they are integral parts of the lime
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TABLE VII-6. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-

LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY: Lead/ZinC-Mines (Ex.hlbltlng ngh Metals SOIUbllit)’)

pLanT s1ze: 630,000

- PLANT AGE: N/A vEARS

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

PLANT LOCATION: N/A

METRIC TONS( 700,000 SHORT TONS) PER YEAR OFQTe mined

COSTS ($1000) TO ATTAIN LEVEL

COST CATEGORY
A B c D E.

TOTAL INVESTED CAPITAL 407.3 671.5

ANNUAL CAPITAL RECOVERY 49.1 88.5

ANNUAL OPERATING AND MAINTENANCE 115 5 129

COSTS (EXCLUGING ENERGY AND POWER) . .8

ANNUAL ENERGY AND POWER COSTS 10.9 11.9

TOTAL ANNUAL COSTS 175.5 230.2

=: ——

COSTS(SI/METRIC TON OF PRODUCT® 0.28 0.37

b. RESULTING WASTE-LOAD CHARACTERISTICS

: CONCENTRATION (mg/L) (ppm)

PARAMETER . RAW _ AFTER TREATMENT TO LEVEL
- ' rREATED)| A l 8 c 0 ] E |
TSS 58 20 o0
Cu 0.06 0.05 0.05
Pb 0.3 0.2 0.1
Zn ™ 38.0 0.5 0.5
Hg 0.005 0.001 0.001

ORE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCY, MULTIPLY COSTS SHOWN BY 0.907
LEVEL A: LIME PRECIPITATION, SETTLING, AND DISCHARGE

LEVEL B8:
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LEVEL A + OPERATING EXPERIENCE AND CLOSER CONTROL
OF OPERATING CONDITIONS IN TREATMENT SYSTEM
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precipitation unit. Capital and operating cost . components
and assumptions for attaining this level are shown below.

Pond - 4-meter (l3-foot) dike height é-meter (20-foot)
top width 250,000-cubic-meter (66,043,000-gal)
capacity

‘Land - 9 hectares (22 aéres)

Lime precipitation system

Piping =~ Flow 3 2 meters (6.6 feet)/sec through 37.5-c¢m
(14.8-in.) x 1000-meter (3,280-foot) fpipe

Operating-Cost Assumptions for Level A:

Lime - 2,380 metric tons (2,625 short tons) /year
Operating personnel - 2 hrs/shift, 6 hrs/day
Power - 80 kW (107 hp)

Capital Inve stment

Facilities
Lagoon . $ 174,000
Contingency and contractor's fee 22,620
Total facility cost £ 196,620
Land ‘ - 15,750 |
Egqui pment
Lime precipitation unit 102,500
Piping ‘ ' ‘ 70,000
Equipment subtotal 172,500
Contingency and contractort!s fee 22,425
Total equipment cost 194,925
Total Capital Investment | $ 407,295
Annual Cost:
Amortization
Facility " $ 20,025
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Equipment’ " ' - . 29,050
Total amortization ' . $ 49,075

Operation and Maintenance (O&M)

Land - : ' ‘ o '3 1,575
Operating personnel N ' 18,900
Facility repair and maintenance ‘ 5,220
Equipment repair and maintenance 8,625
Materials , 73,500
Taxes ' : 3,625
Insurance - ’ ‘ - _4,070
Total O6M costs S $ 115,515
- Electricity ' 10,800
Total Annual Cost ‘ s ' - $ 175,490

Level B: ' High-Density Sludge Process

In addition to lime and settling as desdribed for level A, a
high-density sludge process has been suggested for enhanced
- removal of dissolved metals.

This process has been costed as a separate item. The incCre-
mental cost for implementing this system is shown below.
The total cost for this system must be added +to level=-A
costs, since lagoons and lime precipitation are necessary
for the operation of this technclogy. Cap1ta1 and operating
cost components and assumptions for attalnlng this level are

N shown below.

Capital- Cost Components and Assumptions for Level B:

Clarifier - 8-hr retention, 6,350-cubic-meter (1,680,000-gal)
capacity. _
Underflow from clarifier is 10% of inflow, and
50% of underflow is discharged to settling pond
with overflow; thus, 5% of underflow is recir-
culated through'lime preéipitation,unit.

51urry Pump - 660 liters (174 gal)/mlnute

Pxpe - Flow 2 1 meter (3.3 ft)/sec through 12.5-cm
(4.9-in.) x 50-meter (l64-foot) pipe from clarifier
to precipitation unit. ‘

Operating-Cost Assumptions for Level B:
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Power - 7.5 kW (10 hp)

Capital Investment:

Equipment
Clarifier $ 226,800
Piping 1,500
Pumps , 5,500
Equipment subtotal 233,800
Contingency and contractor's fee 30,395
Total eguipment cost . $ 264,195

Arnz=3l Cost:

Amortization
Equipment ; : 39,375
Total amortization 39,375

Operation and Maintenance (O&M)

Equipment repair and maintenance . 11,690
Insurance 2,640
Total C&EM costs . 14,330
Electricity 1,000
Total Annual Cost 3 5a,705

Lead/Zinc Mills

There are 21 known major leads/zinc mills in operation. The
amount of ore milled by these operations ranges from 195,840
to 2,520,000 metric tons (215,920 to 2,778,390 short tons)
annually. The daily mill wastewater flow ranges from 0 <o
15,120 cubic meters (0 to 4,000,000 gallons). »

A hypothetical mill was selected as representative for this
subcategory. It 1is assumed t0 have an annual milling
capacity of 630,000 metric tons (700,000 shor tons), with a
daily wastewater flow rate of 5,678 cubic meters (1,500,000
gallons).
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Two alternative levels of technology are considered for this
subcategory. The total cost of each level is shown in Table
VIII-7.

Waste Water Treatment/Control

The best practiced technology consists of use of a tailing
pond, followed by a secondary settling pond. A minimum 10-
day retention time in the tailing pond and a 2-day retention
time in the secondary settling pond are recommended. The
tailing distribution system consists of piping, around the
perimeter of the tailing pond, and cyclones, located at 100-
meter (328-foot) intervals along one length of the tailing
dam. : :

Capital and operating cost components and assumptions for
attaining level A are shown bhelow. ‘

Capital-Cost Components and Assumptions for Level A:

Talllng pond - 3-meter (10-foot) dike height
3-meter (l0-foot) top width
4,245-meter (13,925-ft) perimeter

"Settllng Pond - 3-meter (1l0-foot) dike height
3-meter (l0-foot) top width

15,000=-cubic-meter (3,963,000-gal) capacity

Land - 101 hectares (250 acres)
Distribution system - 4,245 meters (13,924 feet) of
(7.9-in.) pipe
12 cyclones @& $1,800 each

Piping - Flow at 1 meter/sec through 30-cm (1-ft) pipe:

"from mill to tailing pond, 1000 meters (3,280 ft);

from tailing pond to lagoon, 500 meters (1,640 ft)

Slurry pumps - 1 plus standby, 3,900 1 (1,042-gal)/minute

Operating-Cost Assumptions for Level A:

Tailing-pond distribution system maintenance 2 30% of
distrikution cost

Power - 18.6 kW (25 hp)
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TABLE VIN-7. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-
LOAD CHARACTERISTICS FOR TYPICAL MILL

SUBCATEGORY: Lead/Zinc Mills

PLANTs1ZE: 630,000 METRIC TONS ( 700,000  sHORT TONS) PER YEAR OF OT€ milled

PLANT AGE: V/A YEARS PLANT LOCATION:  N/A

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO AYTAIN LEVEL
COST CATEGORY ‘
A B c . D E
TOTAL INVESTED CAPITAL 1,117.0¢11,199.0
| ANNUAL CAPITAL RECOVERY Lo 116.6 128.8
| ANNUAL OPERATING AND MAINTENANCE | 15, 179 1
'| COSTS (EXCLUDING ENERGY AND POWER)| - - =7
ANNUAL ENERGY AND POWER COSTS 2.5 6.5
TOTAL ANNUAL COSTS 24%.8 264 .4
COSTS(SI/METRIC TON OF PRODUCT* '0.38 0.42

" b. RESULTING WASTE-LOAD CHARACTERISTICS

. CONCENTRATION (mg/ £} (ppm)
. PARAMETER i"l?w AFTER TREATMENT TO LEVEL
. . N-
TREATED! A . B . c o] E
F —— - —
TSS 350,000 | 20 0
Cyanide 0.03 0.01 0
Cd™~ 0.055 0.05 0
Cu 0.36 0.05 | ..0
Hg L. | o.ors | 0.001 | o
Pb 1.9~ 0.2 )
Zn 0.46 0.2 0

"ORE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT IORE MILLED), MULTIPLY COSTS SHOWN BY 0.807
. LEVEL A: TAILING POND,‘§ECONDARY SETTLING. AND DISCHARGE '

- 'LEVEL B: TOTAL RECYCLE (ZERQ DISCHARGE)

 *sHYPOTHETICAL.
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Cagital‘Investment:

Facilities

Tailing pond

Lagoon

Facility subtotal

contingency and contractor's fee
Total facility cost

Land

Equipment

- Distribution system
Piping
Pumps
Equipment subtotal
Contingency and c¢ontractor's fee
Total equipment cost

Total Capital Investment
Annual Cost:

Amortization

Facility
Equipment
Total amortization

_R.Operation and Maintenance (O&M)

" Land
Facility repair and maintenance
Equipment repair and maintenance

Tailing pond and distribution maintenance

Taxes ‘
Insurance.
Total OEM costs

Electricity

Total Annual Cost

Level B: Total Recycle (Zero Discharge)

Total recycle can Lbe attained only after impoundment systems

$ 420,255
19,9140
440,195
57,225
797,420

176,750

284,790
93,000
14,000

391,790
50,935

$ 1,116,895

$ 50,665
65,980
$ 116,645

$ 17,675
€00
5,350
85,435
4,420
11,170
$ 124,650

_2,500

$ 243,795

as described for level A have been constructed. Thus,

costs cited for level B are the incremental costs for imple-
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menting total recycle. The equipment includes decant . pumps
and piping. Costs for 1mplement1ng total recycle are shown
in Table VIII-T7.

Capital-Cost components and Assumptlons for Level B

Decant Pumps - water pumps - 3,900 1 (1,042 gal)/mlnute,
1 plus standby -

Piping - Flow @ 2 meters (3. 3 feet) /sec through 21-cm
(8. 3-in.) pipe, 1,500 meters (4,920 feet) long

Operating-Cost Assumptlons for Level B:

Power - 30 kW (40 hp)

Capltal Investment:

Equipment
Piping ' '$ 64,500
Pumps : 8,000
Equipment subtotal 72,500
Contingency and contractor's fee 9,425
Total equipment cost $_ 81,925

Annual Cost:

Amortization
Equipment : 12,210
Total amortization S 12,210

Operation and Maintenance (OEM)

Equipment repair and maintenance : 3,625
Insurance . : 820
Total OBM costs - _ . u,uasv
Electricitz' ' | ELQQQ
Total Annual Cost | | s © 20,655

WASTE WATER TREATMENT COSTS FOR GOLLC ORE CATEGORY

Gold Mines (Alone)
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Thrée known mines operating alone without discharge to mill
treatment facilities exist in this subcategory, only two of
which are discharging. The range of ore mined is 163,000 to
478,000 metric +tons (180,000 to 527,000 short tons)
annually. The average daily discharge for these operations
is 3,785 cubic meters (1,000,000 gallons).

A hypothetical mine with an annual ore rroduction of 320,000
metric tons (353,000 short tons) and with a discharge of
3,785 cubic meters (1,000,000 gallons) per day was chosen to
represent this subcategory. :

Two levels of technology are conSide;ed. The incremental
costs for the representative gold mine to attain levels A
. and B are shown in Table VIII-S8. -

waste Water Treatment/Control

Level A: Sedimentation (Settling Pond)

Level A <consists of a sedimentation pond with a one-day
retention. It is assumed that mine dewatering pumps already
have been installed.

' The capital and operating costs and assumptlons for attain-
ing this level are shown below.

Cap;ggl-Cost Components and Assumgtiéns for Level A:

Sedimentation pond - dike height of I m (10 f¢t)
' ' top width of 3 m (10 f¢)
capacity of 5,700 cubic meters
(1,506,000 gal)

Piping - Flow @ 2 meters/sec (6.6 feet) through pipe
. measuring 17 em (6.7 in.) x 1000 meters
(3,300 feet)

Capital Investment:

Facilities
‘Lagoon . $.9,000
contingency and contractor's fee oo 1,170
Total facility cost : $ 10,170
Land : \ 700
Equipment -

615 .



TABLE V-8 WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-

LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY:

Gold Mines (Alone)

PLANT S1ze: 520,000

PLANT AGE:N/A vEaRS

e. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

METRIC TONS { 353,000

PLANT LOCATION: \!/ A

SHORT TONS] PER YEAR OF_OTe mined

. COSTS ($1000) TO ATTAIN LEVEL

-

COST CATEGORY
-~ ‘A B c D _E

TOTAL INVESTED CAPITAL 53.8 121.2 1
ANNUAL CAPITAL RECOVERY 7.4 17.3 t
ANNUAL OPERATING AND MAINTENANCE 2.3 5 t
COSTS (EXCLUDING ENERGY AND POWER) | - 28.1
ANNUAL ENERGY AND POWER COSTS - 4.4 t

TOTAL ANNUAL COSTS 9.7 49.8 t
COSTS(S)/METRIC TON OF PRODUCT® 0.03 0.16 '

b. RESULTING WASTE-LOAD CHARACTERISTICS .

'CONCENTRATION (mg/2) (ppm}

' PARAMETER RAW AFTER TREATMENT TO LEVEL
, ra‘éﬁ#em A 8 c o E
TSS | 25 20 20 20
Cu 0.06 0.06 0.05 0.05
_ Hg. , 0.002 | 0.002 | 0.001 | 0.001
In e e 0.5 0.5
Pb | 0.3 0.25 | 0.2 0.1

OHE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.907

LEVEL A:
LEVEL B:

LEVEL C:

SEDIMENTATION {SETTLING POND) :
SEDIMENTATION, LIME PRECIFITATION, SECONDARV SETTLING AND DISCHARGE

LEVEL B + OPERATING EXPERIENCE AND CLOSER CONTROL

OF OPERATING CONDITIONS IN TREATMENT SYSTEM

t NO ADDITIONAL COST INCURRED
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-‘Plplng S | '38,000

Contingency and contractor's fee 4,940
Total equipment cost 42,940

Total Capital Investment = = . $_53,810

Annual Cost:

Amortization

Facility , % 1,035
Equi pment - - 6,400
Total amortization | B 7,435

-

_Operation and Maintenance (OfM).

- Land: ' ' 170

Facility repair and maintenance - 270
"Equipment repair and maintenance 1,900
Taxes: : ‘ , 20
Insurance . ‘ 55
Total O&M costs ‘ ‘ 2,315

Total Annual Cost $ . 9,750

. Level B: Sedimentation, Lime Precipitation, Secondary Settiing,
and Discharge

- Level-B technology wutilizes a sedimentation pond with a
retention time of one day and a smaller settling pond with a
6-hour retention period. The mine water has a pH of 6;
thus, addition of 0.9 kg of hydrated lime per 3.785 cubic
meters (2 1lbr/1,000 gal) of water would raise the pH
sufficiently for precipitation of metals.

The capital and 'operating costs and assumptions for
attaining this level are shown below. ' -

Capital-Cost Components and Assumptions for Level B:

Sedimentation pond - dike height of 3 m (10 ft)
top width of 3 m (10 f¢t).
capacity of 5,700 cubic meters
(1,506,000 gal)

Settllng pOnd - dike helght cf 4 m (13 ft)
' top: w1dth of 3 m (10 ft)
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capacity of 1,425 cubic meters (376,000 gal)
Land - 0.5 hectare (l.24 acres)
Lime precipitation system

Piping - Flow 2 2 meters (6.6 feet)/sec through pipe measuring
17 em (6.7 in.) x 1,100 meters (3,600 feet)

Operating-Cost Assumptions for Level B:

Lime - 317 metric tons (350 short tons)/year
Operating Personnel - 1 hrs/shift, 3 hrs/day -

Power - 30 kW (40 hp)

Capital Investment:

Facilities
Lagoon (s) : ~ $ 12,275
Facility subtotal - 12,275
Contingency and contractor's fee ‘ 1,595
Total fac111ty cost : : 3 13,870
Land | 875
Equipment
Lime prec1p1tat10n unit 54,400
Piping 41,800
Equipment subtotal 94,200
Contingency and contractor's fee 12,245
Total equipment cost , ‘ 106,445
Total Capital Investment _ . - $ 121,190

Annual Cost:

Amortization

Facility ' : | : t§ 1,415
Equipment : - 15,865

Total amortization . - 3 17,280

Operations and Maintenance (O&M)

Land 90
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Operating personnel 9,450

Facility repair and maintenance 370
Equipment repair and maintenance 4,710
-Materials 12,250
Taxes 20
Insurance 1,210
Total O&M Costs $ 28,100
Electricity ‘ 4,400
Total Annual Cost , B 49,780

1d Mills or Mines/Mills (Cyanidation Process)

In 1974 there were three known mills practicing cyanidation,
. with one of these operations employing both flotation '~ and
cyanidation. During late 1975 and 1976, a number (3-6) of
additional operations began full scale production. These
operations are predominately located in Nevada and attain
-zero discharge Lty virtue of impoundment and recycle. The
~range of ore milled in this sukcategory is 476,000 to
-~ 1,400,000 metric tons (527,000 to 1,550,000 short tons) per
year. The wastewater flow ranges from 490 to 29,900 cubic
meters (130,000 to 7,900,000 gallons) per day.

The representative mill has an annual production' of
1,400,000 metric tons (1,550,000 short tons) and a daily
.wastewater flow of 29,900 cubic meters (7,900,000 gallons).

‘TwO levels of technology are considered. The incremental
costs of achieving these levels are shown in Table VIII-9.

Wastewater Treatment/Control

Level A: Recycle

Recycle for this sukcategory entails use of an impoundment
system, thickeners, piping and pumpse. The mine water is
collected in the mill reservoir and used as makeup water in
the mill cyanide leaching processes, Approximately 3,800
cubic meters (1,000,000 gallons) of wastewater are dischared
daily (volume aprroximately equivalent to net mine water
flow). The treatment of this flow 1is considered in
Treatment Level B.

The capital and operating costs and major assumptxons for
attaining Level A are shown below. ,
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TABLE F111.9 WATER EFFLUENT TREATMENT COSTS AND RESULTING
: WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL -

SUBCATEGORY: Gold Mills or Mine/Mills (Cyanidation Process)

PLANT 128 1,400,000  meTRic Tons (1,550, 000 sHoRT TONS) PER YEAR OF OTe Milled

PLANT AGE:1 00 vEARs PLANT LOCATION: South Dakota

a. COS5TS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS (51000} TO ATTAIN LEVEL -
COST CATEGORY
A B c o E
TOTAL INVESTED CAPITAL ' 8,017 | 8,300
ANNUAL CAPITAL RECOVERY - 849.1 892.6
ANNUAL OPERATING AND MAINTENANCE 723.2 776.8] .
COSTS (EXCLUDING ENERGY AND POWER)| - : : N
ANNUAL ENERGY AND POWER COSTS 85.7 90.7
TOTAL ANNUAL COSTS 1,658.0 }1,760.1
COSTS/METRIC TON OF PRODUCT® ‘§1.18 $1.26
b. RESULTING WASTE-LOAD CHARACTERISTICS'
CONCENTRATION (mg/l] (ppm}
PARAMETER ?AW AFTER TREATMENT TO LEVEL
UN-
TREATED) A gt c . o E

TSS 500,000 0 0

Cyanide ‘ 1.0 0 0

Cu 2.9 0 0

Hg = 0.006 0 0

Zn 0,34 0 0

.TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN 8Y 0.907

LEVEL A: RECYCLE
LEVEL B: RECYCLE (WiTH OZONATION)

TCOMBINED WASTEWATER DISCHARGE EQUIVALENT TO MINEWATER FLOW IS EXPECTED'TO EMPLOY
OZONATION PLUS CARBON ABSORPTION AND YIELD THE FOLLOWING WATER QUALITY LEVELS
TS5 < 10 mg/l; CN < .0.02 mg/[; Cu < 0.056 mg/i; Hg < 0.0001 mg/l; 2n < 0.3 mg/l
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Capital-Cost Components and Agsumptions for Level A:
Tailings pond dike - dike height of 75 m (250 ft)
: - top width of 10 m (30 ft)
- dike length 120 m (395 £f¢t)
Diversion ditching - 7,400 m (24, 270 ft)
Land - 221 ha (547 acres)
Piping - 9,600 m (31,490 ft) of 60 cm (24 inch) pipe

Pumps - 8 - 100 hp slurry pumps and 2 - 20 hp water pumps

Operating-Cost Assumptions for Level A:

- Power - 626 kW (840 hp)

personhel - 116 manhours/day

Capital Investment:

. Facilities

Tailings pond dike .  $4,920,000
Diversion ditching ' 511,000
Facility subtotal ’ 5,431,000
Contingency and contractort's fee ’ .__706,000
Total facility cost - $6,137,000
Land - . 383,000
Eguigment
Piping _ $1,056,000
Pumps 269,000
Equipment subtotal 1,325,000
Contingency and contractor's fee ' 172,000
Total equipment cost $1,497,000
Total Capital Investmént $8,017,000

Annual Cost:

Amortization
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Facilities % 626,000
Equ:.gnent 223,100
Total amortization $ 8“9,100

Operation and Maintenance (O&M)

Land - ‘ $ 38,300
Operating personnel - 365,900
Facility repair and malntenance 162,900
.Equipment repair and maintenance 66,300
Taxes , . ‘ 9,600
Insurance 80,200
Total O&M Costs ‘ ' ' $§ 723,200
Electricity » 85,700
| Total Annual Cost ’ | $1,658,000

Level B: Recycle with Ozonation of Mill Water Discharge

Level B is the same as Level A with the addition of an-

‘ozonation system to reduce the cyanide concentraticn in the
mill water discharge. :

Eltal-COSt Components and Assumptions for Level B

Ozone regquirement - ie kg (40 1lb) per day
Piping - 200 m (650 £t) of 20 cm (8 inch) pipe
Pump - 1 - 20 hp water pump

Annual Cost Assump;;ons for lLevel B:

Power - 36.5 kW (49 hp)

Personnel - 12 manhours/day

Capital Investment:

Equipment
Ozonation system $ 243,000
Piping 9,000
Pump : : . 6,000
Equipment subtotal : 258,000
contingency and contractor's fee. : 34,000
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Total Capital Investment g '292,000

Annual Cost:

Amortization o $ 43,500

Qperation and Maintenance

Operating personnel 37,800

Equipment repair and maintenance : 12,900

© Insurance 2,900

Total OEM costs ' _ 53,600
Electricity ;

Total Annual Cost $ 102,100

Gold Mills (Amalgamation Process)

" One known mill utilizes the process of amalgamation. It
" mills 163,000 metric tons (180,000 short tons) yearly and
..discharges 2,271 cubic meters {606,000 gallons) of
. wastewater daily. Three levels of technology are
considered. The total costs of achieving these levels are
. Shown in Table VIII-1O.

g

. Waste Water Treatment Control

Level A: lime Precipitation, and Discharge

The typical mill in this subcategory has adequate
impoundment systems for sedimentation purposes. To achieve
level A, lime precipitation would be necessary. The
addition of 0.9 kg of hydrated lime per 3.785 cubic meters
{2 1b/100C gal.) is recommended for achieving level A.

The capital and operating costs assumptions for attaining
this level are given below.

Capital-Cost Components and Assumptions for level A

Lime precipitation system - hydrated 1lime, stored as a
slurry.

Operating-Cost Assumptions for Level A

- Lime ~ 190 metric tons (210 short tons)/year
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TABLE VIII-10. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

SUBCATEGORY: Gold Mills (Amalgamation Process)

PLANT SIZE: 163,000 meTRiCc Tons (_180,000 SHORT TONSIPER YEAROF_OTe milled
PLANT AGE: 45 YEARS PLANT LocaTion: Colorado ]

s. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

' . COSTS (51000} TO ATTAIN LEVEL
COST CATEGORY ’
a 8 c D r 3
TOTAL INVESTED CAPITAL 45.2 45.3 213.5 7 al.5
ANNUAL CAPITAL RECOVERY 6.7 6.7 31.8 | 6.2
ANNUAL OPERATING AND MAINTENANCE 16.3 22.7 12.8 1.9
COSTS (EXCLUDING ENERGY AND POWER) o
ANNUAL ENERGY AND POWER COSTS 2.0 2.0 - 1.5
TOTAL ANNUAL COSTS 28.0 31.4 44.6 " 9.6
COSTS/METRIC TON OF PRODUCT* 0,17 0.19 { 0.27 .0.06
b. RESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION {img/2) (ppm)
PARAMETER ?Aw AFTER TREATMENT TO LEVEL |
UM
TREATED) A 8 c o E
————————
TSS 250,000 20 20 20 0
Cu 0.6 0.05 0.05 0.05 0
Hg. 0.002 0.0004 0.0001| <0.0001 0
Zn - .- | 1.3 0.2. 0.2 0.2 . 0

‘ORE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLEDI]. MULTIPLY. COSTS SHOWN BY 0.907

-LEVEL A: LIME PRECIPITATION AND DISCHARGE

LEVEL 8: LEVEL A PLUS SULFIDE PRECIPITATION

LEVEL C: PROCESS CHANGE FROM AMALGAMATION TO CYANIDATION
LEVEL D: TOTAL RECYCLE {ZERO DISCHARGE}
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Operating personnel 1 hr/shift, 3 hrsday
Power - 20 HP

“capital Investment

Eguipment
Limeé precipitation system . ~$ 40,000
© Contingency and contractor's fee 5,200
. Total Equipment Cost. o $ 45,200
“Total Capital Investment $ 45,200

Annual Cost:

Amortization o 't 6,720

‘Operation and Maintenance (O&M)

Operating Personnel $ 9,450

Equipment repair & maintenance 2,000
Materials oo ‘ 7,350
Insurance 450.
Total OEM Costs s , ' 19,250
 Electricity , - . ' | 2,000
Total Annual Cost '~ "~ '° " ° - § 27,970

iLevel'gi’ Level A, Sulfide Precipitation and Discharge -

Level B requiresvthe addition of 1.5 mg/1l of sodium sulfide
to the wastewater stream. Costs for sulfide precipitation
are shown below. Total Level B costs are shown in Table

Capital-Cost Components and Assumpticns for Level B
Sodium sulfide distribution system

Operating-Cost Assumptions for Level B

sodium sulfide 1,192 kg (2,627 1b) /year

Operating personnel 1 hr/day

Capital Investment:
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Equipment

Sulfide precipitation unit $ 100

Contingency and contractor's fee 15

Total Equipment Cost $ 115
‘Amortization 3 15
Operation and Maintenance (O&M)

., Operation personnel 3 3,150
Equipment repair & maintenance _ -5
Materials 210
Total OEM Costs 3 3,365 \

Total Annual Cost $ 3,380

Level C:  Process Change from Amalgamation to Cyanidation

An alternative to precipitation for this subcategory would
be to <change the milling process from amalgamation to
cyanidation. The costs incurred for this process change are
difficult to obtain and estimate. However, data were
provided for a similar change for an operation whose mill-
circuit volume is 10 times greater than the one in this
subcategory. To estimate the ¢Cost for the process change,

an application of the six-tenths-factor rule was used. ‘

Note that a mill with a water flow of 22,710 cubic meters
(6,000,000 gal)s/day incurred 'a carital investment cost of
$850,000 for the process change. Applying the six-tenths-
factor rule to an operation whose water flow is 2,271 cubic
meters (600,000 gal)/day resulted in a capital investment
cost of $213,510. No assumptions were made as the the
amounts of materials, operating labor, and power that would
be required, as these data are not available. Equipment
repair and maintenance were assumed to total 5 percent of
capital investment. Amortization was assumed over a l0-year
period. The costs are shown in Table VIII-1lO0.

The capital and operating costs for attaining this level are
shown below.

Capital Investment:

Equipment
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Process change $ 213,510

Annual Cost:

Amortization . $ 31,820

Operation and Maintenance (O&M)

Equipment repair and maintenance $ 10,675
Insurance 2,135
Total OE&EM costs : 12,810
Total Annual Cost $ 44,630

Level D: Total Recycle (Zero Discharge)

To achieve total recycle, additional pumps and piping would
be necessary to recirculate the wastewater. The capital and
operating cost components and assumptions for attaining this
level are shown below.

. Capital-Cost Components and Assumptions for Level C:

"Piping - Flow @ 2 meters (6.6 feet)/second through pipe
measuring 13 cm (5.1 in.) x 1000 meters (3,300 feet)

Pumps - water pumps with capacity of 15.77 cubic meters
(4,166 gal)/minute

. Operating-Cost Assumptions for Level C:

Power - 11.2 kW (15 hp)

Capital Investment:

Equipment

" Piping . . R s 32,000
Pumps : - . _h,700
Equipment subtotal 36,700
contingency and contractor's fee 4,770
Total Capital Investment $ 41,470

Annual Cost:

Amortization L 3 6,170
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Operation and Maintenance (O&M)

- Equipment repair and maintenance - 8% 1,835
Insurance - | | | 40
- Total O&M costs : 1,875
IElecfficity ' : 1,500
| Total Annual Cost $5‘ 9,545

Gecld Mills (Flotation)

The one mill which exists in this sukcategory processes
50,000 metric tons (55,000 short tons) of ore annually.. The
flow from the mill is 490 cubic meters (130,000:'gallons) per
day. A discharge from the tailing pond occurs for only.two
months of the year and amounts to 545 cubic meters (144,000
gallons) per day. - . :

Two alternative treatment levels are. considered.  The costs
of achieving these levels are shown in Table VIII-1l.

Waste Water Treatment Control

Level A: Diversion Ditching, Lime Precipitation, and
Alkaline Chlorination . o

Adequate impoundment systems exist for the mill in this suk-
category. Lime  precipitation is recommended for the
precipitation of metals. The recommended dosage is 0.9 kg
of hydrated 1lime per 3.785 cubic meters (2 1lbs/1000 gal) of
wastewater. Control is also needed +to divert seasonal
runoff that results in tailing-pond overflow.

Cyanide is wused in the flotation process. Should an
.~ accidental discharge occur, chlorination of the cyanide
solution would ke necessary. The amount of chlorine needed
would depend upon the amount of cyanide in the wastewater.
Since discharge of cyanide is not a typical occurence, noc
estimate of the amount of chlcrine has been made. . .

. : ‘ : . C
The capital and operating costs ' and assumptions . for
attaining this level are shown below.

Capital-Cost Components and Assumptions for Level A:

Diversion ditching - total of 1000 meters (3,280 feet)
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TABLE VIH-11. WATER EFFLUENT TREATMENT COSTS AND RESULTING

SUBCATEGORY:
PLANT SIZE: 50,000

PLANT AGE: 39 YEARS

Gold Mills (Flotation)

WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

PLANT LOCATION:

Washington

METRIC TONS ( V35,000 SHORT TONSIPER YEAROF_OTe milled

8. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO ATTAIN LEVEL

COST CATEGORY ,
8 c D . E
TOTAL INVESTED CAPITAL 20.3 31.2 -
ANNUAL CAPITAL RECOVERY 3.5 4.5
ANNUAL OPERATING AND MAINTENANCE 12,1 12.6
COSTS (EXCLUDING ENERGY AND POWER) !
ANNUAL ENERGY AND POWER COSTS 1.0 1.0
‘. TOTAL ANNUAL COSTS 16.6° | 18.1
COSTS/METRIC TON OF PRODUCT® . 0.33 0.36°

b. RESULTING WASTE-LOAD CHARACTERISTICS"

CONCENTRATION (mg/ L) (Ppmi
PARAMETER (RUAP? . »AFTER TREATMENT TO LEVEL

‘TREATED] A B c D : E
TSS 240,000 20 © 0 R I
Cyanide ~— 109 0.01 .0
Hg ' 0.005 | 0.001 0
Cu 10.8 | 0.05 0
Zn 79 0.2 0
cd ' 0 0.10 | 0.05 0
Py’ 0.40 | 0.2 0

*ORE MILLED. TO OBTAIN COSTS/SMORT TON OF PRODUCT (ORE MILLED), MULTIPLY COSTS SHOWN BY 0.907

! HYPOTHETICAL - BASED ON OPERATIONS VISITED IN SUBCATEGORY
DIVERSION DITCHING, LIME PRECIPITATION, AND ALKALINE CHLORINATION
LEVEL A PLUS SETTLING POND ~ NO DISCHARGE ’ :

LEVEL A:
LEVEL 8:
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Alkaline chlorinator - V-notch type: data supplied from
surveyed operation

Lime precipitation - l15-day supply of lime slurry.
Mix tank with capacity of 7.4 cubic
meters (1,955 gal) for slurry storage.
Mix tank with capacity of 5.2-cubic
meters (1,374 gal) for 1l5~minute
retention. —

Slurry pump - 0.34 cubic meter (90 gal) /minute

Operating-Cost Assumptions for Level A:

‘Lime - 41 metric tons (46 short tons)/year
,Operating,personnel-- 3 hr/day
Power - 7.5 kW (10 hp)

Capital Investment:

Facilities
Diversion ditching 1,650
Contingency and contractor's fee 215
Total facility cost - $ 1,875
Equipment
Lime precipitation unit : ' ‘ 6,400
Aklaline chlorinator : , 5,660
Pumps - : 4,200
Equipment subtotal . 16,260
Contingency and contractor's fee ' 2,115
Total equipment cost = ‘ 18,375
~Total Capital Investment ' - $ 20,250

Annual Cost:

Amortization |
Facility 190
Equipment 3,505
Total amortization % 3,505_

Qperation and Maintenance (O&M)
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Operating personnel 9,450

Facility repair and maintenance 50
Equipment repair and maintenance 815
Materials | ' 1,610

. Insurance . | 200
Total OEM costs 12,125
Electricity - 1,000
Total Annual Cost o $ 16,630

Level B: Level A plus Settling Pond - No Discharge -

To avoid discharge o¢f the seasonal runoff, an additional
settling pond will be necessary. The runoff would be
collected in the settling pond and stored for use as mill
process water. A five-day retention time is assumed.

The capital and operating costs and assumptions for
attaining this level are shown below. ‘

Capital-Cost Components and Assumptions for level B:

Pond - dike height of 3 m (10 ft)

top width of 3 m (10 £ft)

capacity of 5,700 cukic meters (1, 506 000 gal)
Land - 0.4 hectare (1 acre)

Capital Investment:

Facilities
Lagoon ' ‘ ' $ 9,000
Contingency and contractor's fee 1,170
Total facility cost ] $ 10,170
Total Capital Investment | $ 10,870

Annual cost:

Amortlzatlon ‘ | S 1,035

OEeratlon and Maintenance (O&M)

Land . 3 70
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Facility repair and maintenance 270

- Taxes ‘ 20
Insurance 110
Total O&EM costs 470
Total Annual Cost 3 1,505

Gold Mine/Mills Employing Gravity Separation

There are approximately 200 known placer operations at
present. The Bureau of Mines estimated that, at the 68
operations known in 1972, the amount of material washed
tcralel 658,485 cubic meters (913,000 cukic yards) per year
{Reference 2). Assuming that the material moved on the
average by the industry is proporticnal from year to year, a
conservative estimate of 2,054,000 cubic meters (2,690,000
cubic yards) can be obtained. The wastewater flow is 11,355
to 15,140 cubic meters (3,000,000 to 4,000,000 gallons) per
day. The placer mining industry, for the most part, is:
located in Alaska. The mining season there lasts for
approximately 100 to 120 days, depending upon location. It
has been reported by some members of the industry that, in
surface-stripping operations, 765 cukic meters (1,000 cubic
vards) of material can be moved in an eight-hour day. Both
the length of the mining season and the amount of material
moved can be significantly modified due to "down time"
caused by mechanical failure or poor weather.

A hypothetical operation based on an arithmetric average of -
68 operations from Reference 2, was selected as
representative for this subcategory. The annual material
handled for the representative operation is 10,270 cubic
meters (13,425 cubic yards). Assuming a specific gravity of
2.65 for this material, the total weight handled is 27,215
metric tons (30,000 . short tons) each year. This estimate
does not include overburden but rather ore washed. The
assumed daily water flow is 13,247 cubic meters (3,500,000
gallons) . T r .

Four alternative levels of technology are considered.

The capital and operating costs of achieving these levels
are shown in Table VIII-1l2Z.

Waste Water Treatment/Control

Level A:  Settling Pond
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TABLE VII11-12. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL
MINE/MILL

SUBCATEGORY: Gold Mine/Mills Emplbying Gravity Separation

PLANT s1ZE: 27,215 METRiC TONs ( 30,000  SHORT TONS) PER YEAR OF oTe milled
PLANT AGE:N/A YEARS PLANT LOCATION: N/A

s. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY :
o _A 8 ¢ D 3
TOTAL INVESTED CAPITAL 12,9 34,4 47.3 57.5
ANNUAL CAPITAL RECOVERY ' 1.2 5.1 6.3 7.8
ANNUAL OPERATING AND MAINTENANCE
COSTS {EXCLUDING ENERGY AND POWER)| 0.6 9.5 10.1 40.5
'ANNUAL ENERGY AND POWER COSTS -- 4.0 4.0 4.1
TOTAL ANNUAL COSTS 1.8 18.6 20.4 52.4
F;bsrs (S//METRIC TON OF PRODUCT* . |  0.066 0.68 0.75 1.93
b. RESULTING WASTE-LOAD CHARACTERISTICS
_ : CONCENTRATION (mi/1]
, PARAMETER RAW 'AFTER TREATMENT TO LEVEL ‘
‘ TREATED)| A B . c o’ . E
" Settleable Solids 3-200 | 0.5 | 0.5 | <0.5 |<0.5 |

"ORE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLED), MULTIPLY COSTS SHOWN 8Y 2.907

‘LEVEL A: SETTLING POND
LEVEL B: DISTRIBUTION SYSTEM
LEVEL C: SETTLING POND AND DISTRIBUTION SYSTEM
"~ LEVEL D: SETTLING POND, DISTRIBUTION SYSTEM, AND FLOCCULATION . - ' ’ o
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The recommended treatment system for level A consists of a
settling pond for removal of suspended solids. The capital
and operating costs and assumptions for attaining this level
are shown below.

Capital-Cost Components and Assumptions for Level A:

Settllng pond = dike height of 3 m (10 ft)

top width of 3 m (10 £ft)

capacity of 7,380 cubic meters (1,950,000 gal)
Land - 0.4 hectare (1l acre)

Capital Tnvestment:

Facilities
lagoon $ 10,800
Contingency and contractor's fee B 1,405
Total facility cost _ , $ 12,205
Land - | 700
Total Capital Investment $ 12,905

Annual Cost:

Amortization $ 1,245

Operation and Maintenance‘

Land , .70
Facility repair and maintenance : 325
Taxes . , - 20
Insurance 130
Total O&M costs ' 545
Total Annual Cost 3 1,790

Level B: Distribution System

An altermative to 1level~-A treatment would be to construct
and utilize a process-water distribution system. The
purpose would be to deliver dredge wastewater to all mine
workings for filtration. The capital and operating costs
apd assumptions for attaining this level are shown below.

# ' . ' :
~Capital-Cost Components and Assumptions for Level B:

(
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Plplng - Flow &# 1 m (3.3 ft)/sec through pipe measuring
' us cm (17.7 1n ) x 100 meters (330 feet)

Pumps - slurry type (plus one standby)

Operating-Cost Assumptions for Level B:

Power - 30 kW (40 hp)

Distribution system maintenance @ 30% of system
capital cost

Capital Invesiment:

Equipment
Piping 3 8,400
Pumps 22,000
Equipment subtotal 30,400
Contingency and contractor's fee 3,950
Total Capital Investment g 34,350

Annual Cost:

Amortization 5 5,120

Operation and Maintenance (OEM)

Distribution system maintenance $ 9,120
Insurance 345
Total O&EM costs 9,465
Electricity 4,060
Total Annual Cost : $ 18,585

Level C: Settling Pond and Distribution System

Level C 1s the sum ©0f levels A and B. Total invested
capxtal and *annual 0perat1ng costs for this level are shown
in Table VIII-l2.

Level D: 'Settling Pond, Distribution System, and
Flocculation

635 .



i

Level D is the same as level C plus the addition of . a
flocculant for further suspended-solid removal. It 1is .
assumed that 2 mgsl of  flocculant is added. A :simple

flocculant feed system is all that is  needed. . The
incremental capital and operating cc¢sts and assumptions for
this system are shown below. The total system cost is shown
in Table VIII-1l2. : - S

Capital-Cost Components and Assumptions for Level D:

Flocculant feed system

Operating-Cost Assumptions for Level D:

;Operating personnel - 3 hr/day

B T

Flocculant - 9,267 kg (20,430 1bj/year
Power - 0.75 kW (1 hp)

Capital Investment-

Equipment
Flocculant feed system ‘ | . $. 9,000
Contingency. and contractor's fee ‘ _ 1,170
Total Capital Investment . § 10,170

Annual Cost:

Amortization . . . . $.- 1,515 .

Operation and Maintenance'(O&M)

Operating personnel | : - 5,450
Equipment repair and malntenance : , 450
Materials ‘ 20,430
Insurance : L , 100
Total O&M costs . . . % 30,430
Electricity L | 100
Total Annual Cost | ~$ 32,045

WASTE WATER-TREATMENT COSTS FOR SILVER-ORE CATEGORY

Silver-Qre Mines
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There are five known major silver mines in operation.  The
range of ore mined is 75,280 to 1,428,000 metric tons
{83,000 te 1,574,000 short tons) annually. . The mine
wastewater ranges from 246 to 4,920 cublc meters (65,000 to
l 300, 000 gallons) dally.

Three of these mines are associated with mills. The
remaining two are mines alone.

A hypothetical mine, based on an arithmetic average of the
five known mines, was selected as representative for this
subcategory. The annual ore mined is 181,400 metric tons
(200,000 short tons). The average daily discharge amounts
toc 1,700 cubic meters (450,000 gallons). Three 1levels of
technology are considered. The total costs of achieving
these levels are shown in Table VIII-13.

Waste Water Treatment/Control

Level A:  Sedimentation {(Settling Pond)

It is assumed that a typical silver mining operation has
little or no effluent treatment or control. Level-A
technology requires the construction of a settling pond with
.a 1l0-day retention capacity and adequate piping. No costs
are shown for pumps, since mine dewatering facilities are
already installed.

The ”capital and operating costs and assumptions for
attaining this level are shown below. .

Capital-Cost Components and Assumptions for Level A:

Settling pond - dike height of 3 m (10 ft)
top width of 3 m (10 ft)
capacity- of 25, 500 cublc meters (6,736,000
gallons)

land - 1.3 hectares (3.2 acres)

Piping - Flow 2 2 m (6.6 ft)/sec through pipe measuring
12 cm (4.8 in.) x 1000 meters (3,280 feet)

Capital Investment:

Facilities

Lagoon - $ 26,000
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TABLE VIH-13. WATER EFFLUENT TREATMENT COSTS AND RESULTlNG WASTE-
LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY:

"Silver-Ore Mines

pLaNT size; 181,400

PLANT aGE:Y/ A yeans

a. COSTS OF TREATMENT TQ ATTAIN SPECIFIED LEVELS

METRIC ToONs (200,000

PLANT LOCATION: N/A

SHORT TONSI PER YEAR OF _ Oore mined

COST CATEGORY

COSTS ($1000) TO ATTAIN LEVEL

A B - D
TOTAL INVESTED CAPITAL 65.6 114.6 114.7 t
ANNUAL CAPITAL RECOVERY 8.0 15.0 15.0 t -
ANNUAL OPERATING AND MAINTENANCE
COSTS (EXCLUDING ENERGY AND POWER)| 3.0 20.5 23.4 '
ANNUAL ENERGY AND POWER COSTS — 2.0 2.0 t
TOTAL ANNUAL COSTS 11.0 37.5 40.4 '
COSTSIS)/METRIC TON OF PRODUCT® 0.06 0.21 0.22 t

b, RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION {mg/) (ppm)

PARAMETER t(uw ] .. . AFTERTREATMENT TO LEVEL; , & .
AW . TREATME VEL;
TREATED) A 8 c D -
F
TSS 25 20 20 20 20
Cu 0.1 0.09 { 0.05 | o0.05 | 0.05 |
Pb 0.2 0.1% 0.2 0.2 0.1
Zn 0.7 0.6 0.5 0.5 0.5
Hg 0.004 0.003 0.001 0.001

0.002

‘ORE MINED. TO O8TAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.907 .

LEVEL A:
LEVEL 8:
LEVEL C:
LEVEL D:

! NO ADDITIONAL COST INCURRED

SEDIMENTATION (SETTLING POND)
SEDIMENTATION, LIME PRECIPITATION, AND SECONDARY SETTLING.
LEVEL B PLUS SULFIDE PRECIPITATION ’

LEVEL C PLUS OPERATING EXPERIENCE AND CLOSER CONTROL
OF OPERATING CONDITIONS OF TREATMENT SYSTEM
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Contingency - ‘ 3,380

Total facility cost $ 29,380
- Land 2,275
- Equipment

Piping | 30,000

Contingency and contractor's fee 3,900

Total equipment cost 33,900

Total Capital Investment . $ 65,555

'Annuai Cost:

- Amortization
Facility : ‘ s 2,990
Equipment 5,050

Total amortization $ 8,040

" Operation and Maintenance (O&M)

Land . ‘ 20
Facility repair and maintenance 780
Equipment repair and maintenance 1,509
Taxes , ' 55
Insurance, ‘ 655
Total OEM costs 3,010
.Total Annual Cost - ‘ $ 11,059

Level B: Sedimentation, Lime Precipitation, and Secondary
Settling

The incremental cost to achieve level B is the c¢ost for a
lime  precipitation system, additicnal piping, and a
secondary settling pond. The costs associated with
sedimentation are shown under level A. -

The recommended treatment consists of the addition of 0.9 kg
of hydrated lime per 3.785 cubic meters (2 1b/1000 gallons)
of mine wastewater. The mine wastewater is then retained
for one day in a settling pond before discharge. The
incremental capital and operating cc¢sts and assumptions for
attaining level B are shown below. The total system cost is
shown in Table VIII-1l3.
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Lime precipitation system

Piping - Flow @ 2 m (6.6 ft)/sec through pipé measuring
12 em (4.7 in.) x 100 meters (328 feet)

Settling pond - dike height of 3 m (10 ft)

top width of I m (10 ft)

capac1ty of 2,550 cubic meters (674 000 gal)
Land - 0.2]1 hectare (0.5 acre)

Orerating-Cost Assumptions for Level B:

Lime - 142 metric tons (157.5 short tons)/year
Power - 1l4.9 kW (20 hp)

Operating personnel - 3 hr/day

Capital Investment:

Facilities
Lagoon $ 5,100
Contingency and contractor's fee - o 665
Total facility cost o $ 5,765
Land * - | 365
Egulgment - ‘
Lime prec1p1tat10n system . 5 35,600
Piping . 3,000
Equipment subtotal 38,000
Ccontingency and contractor's fee 4,940
Total equipment cost $ 42,940
Total Capital Investment $ 49,070

Annual Cost:

Amortization
Facility $ 585
Equi pment : : 6,400
Total amortization £ 6,985

Operation and Maintenance (O&M)
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. Capital-Cost Components and Assumptions for Level

Land - ' | o ' 35

Operating personnel 9,450
Facility repair and maintenance : - - 155
Equipment repair and maintenance 1,900

- Materials ‘ : 5,510
Taxes C ' ' ’ g 10
Insurance C o . 490
Total O&EM costs - ' 17,550
Electricity ‘ . _2,000
‘Total Annual Cost ' L '$ 26,535

‘Level C: Level B plus Sulfide Precipitation

Level-C technology includes the addition of sodium sulfide
rlus level-B technology.

Further removal of metals is attained by the addition of 2
mg/l of sodium sulfide. The incremental ' capital and
operating costs and assumptions for sulfide precipitation
are shown below. The total cost to achieve level C is shown
in Table VIII-13.

Sulfide precipitation system

. Operating-Cost Assumptions for Level c:

sodium sulfide - 1,191 kg (2,625 1lb)/year

Opérating personnel - 1 hrs/day

Cagpital Investment:

Equipment

sulfide precipitation system ©$ 100
Contingency and contractor!s fee 15
Total Capital Investment 8 115

Annuéi Ccost:

‘Amortization | | . , 15

Qperation and Maintenance (0O&M)
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Operating personnel ' $_3,lSd

Equipment repair and maintenance : ' 5
Materials 265
Total O&EM costs $ 3,420
Total Annual Cost $ 3,425

Silver Mills Employing Cyanidation, Amagamation, Gravity
Separation, and Byproduct Recovery

Five subcategories based on milling process have been
identified for the silver milling industry. The
subcategories are essentially identical to those of the gold
industry. Four of the silver milling subcategories
(cyanidation, amalgamation, gravity separation, = and
byproduct recovery) are represented by the same operation
and require the same control and treatment technology as the
gold milling industry. The capital and- annual operating
costs o©of implementing the required treatment technologies:
for these subcategories are shown in Tables VIII-9, VIII-1O,
and VIII-l2.

The remaining subcategory and applicable treatment
technologies are identified in the section which follows.

Silver Mills Employing Flotation Process

There are four majcr mills in this subcategory. These mills
process ore in the range of 75,280 to 182,300 metric- tons
{83,000 to 201,000 short tons) annually. Daily wastewater
flow from these mills ranges from 1,500 to 3,160 cubic
meters (396,000 to 835,000 gallons). :

An existing flotation mill which mills 180,000 metric tons
(200,000 short tons)-of ore .and has a daily water flow rate
of 3,160 cubic meters (835,000 gallons) was selected as a
representative operation. Typically, mills in this
subcategory recycle 70 percent of their wastewater and
discharge the remaining 30 percent. o I

Two levels of technology are considered. The cost of
implementing this level is shown in Table VIII-14.

Waste Water Treatment/Control
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TABLE VI!I-14. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

SUBCATEQORY: oilver Mills Employing Flotation Process

pLanTsize: 180,000 METRIC TONS ( 200,000 SHORT TONS) PER YEAR OF_OT€ milled
PLANT AGE: 29 . “2 YEARS PLANT LOCATION:  1daho

8. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS {($1000) TO ATTAIN LEVEL
COSY CATEGORY
A B c o €
TOTAL INVESTED CAPITAL 55.0 39.0
ANNUAL CAPITAL RECOVERY 8.1 5.7
ANNUAL OPERATING AND MAINTENANCE | 55 4 2.1
COSTS (EXCLUDING ENERGY AND POWER) . .
ANNUAL ENERGY AND POWER COSTS 4.5 0.3
TOTAL ANNUAL COSTS 35.0 - 8.1
— . ___________ ___
COSTSI$)/METRIC TON OF PRODUCT* I 0.19 0.045
b. RESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION {mg/2) (ppm)
. PARAMETER ' ?GNW . . AFTER TREATMENT TO LEVEL -
) TREATED)| A 8 c D E
— — ]

TSS 290,000 20 0 :

Cyanide 0.03 0.01 0

Cd** 0.06 0.05 0

Cu 0.25 0.05 0

Hg 0.0098 0.001 0

Pb R 0.42 | 0.2 0

n 0.37 0.2 0

ORE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLED) MULTIPLY COSTS SHOWN BY 0807
LEVEL A: DIVERSION DITCHING' LIME PRECIPITATION
LEVEL B: TOTAL RECYCLE

**HYPOTHETICAL
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Level A: Diversion Ditching, Lime Precipitation

Adequate impoundment systems exist for mills in this
subcategory. Lime precipitation is recommended for the
precipitation of dissolved metals. The recommended dosage
is 0.9 kg of hydrated lime per 3.785 cubic meters (2 1b/1000
gallons) - of wastewater.  Control is also needed to divert
seasonal runoff that results in tailing pond overflow.

lThe capital and operating costs and assumptions for
attaining this level are shown below. -

Capital—Cost Components and Assumcpticns for Level A:

Lime precipitation system - to treat 3,160 cubic metérs
(835,000 gallons) of wastewater daily

Diversion ditching - total of 1000 meters (3,280 feet)

oggrating:Cost.Assumptidn for lLevel A:

Lime - 263 metric tons (390 short tons)/year
Operatiné‘personnel - 3 hrsday
Power - 39 kw (44 hp)

Capital Investment:

Facilities
Diversion ditching ] $1,650
Contingency and contractorts fee. 215
Total facility cost _ $ 1,865
Equipment
Lime precipitation unit 47,000
Contingency and contractor's fee 6,110
.- Total equipment cost . 53,110
Total Capital Investment $ 54,975
Annual cost:
Amortination

Facility | s 190
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Equipment 7,915

Total amortination $ 8,105
Operation and Maintenance (O&M)
Operating personnel $9,450
Facility repair and maintenance 50
Equipment repair and maintenance 2,350
Material 10,000
Insurance 550
Total Q&M - $ 22,400
Electricity 4,490
Total Annual Cost : $§ 34,995

Level B: Total Recycle (No Discharge)

Total recycle for this subcategory entails the -
implementation of additional pumps and pipes to recirculate
the effluent that is normally discharged. 1In this case, it
is approximately 946 cubic meters (250,000 gallons) a daye.
Also, diversion ditching is recommended to avoid tailing-
pond overflow resulting from seasonal runoff.

Capital-Cost Components and Assumptions for Level B:

Piping — Flow @ 1 m (3.3 ft)/sec through pipe measuring
1l cm (4.3 in.) in diameter

Water pumps - 0.66 cubic meter (174 gal)/minute
Diversion ditching - 1000 meters (3,300 feet) long

Operating-Cost Assumptions for Level B:

Power - 2.2 kW (3 hp)

‘Cap;tél Investment:

Facilities
Diversion ditching $ 1,650
Contingency and contractor's fee 215
Total facility cost § 1,865
Equipment '
\
Piping 30,000
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Pumps | ' . . _2,900

Equipment subtotal : 32,900
Contingency and contractor's fee : ‘ 4,280
Total equipment cost 37,180
- Total Capital Investment s 39,045

Annual CcCost:

Amortization |
Facility L o $ 190
Equipment ‘ 5,540
Total amortlzatlon ! $ 5,730

Operation and Maintenance (O&M)

Facility repair and maintenance ' S0

Equipment repair and maintenance - 1,645
Insurance ' S I390
Total O&M costs ‘ ' ‘ 2,085
Electricity R | _300
Total Annual Cost . % 8,115

WASTE WATER-TREATMENT COSTS FOR BAUXITE CATEGORY

Bauxite Mines

There are currently two Lauxite mines in operation in the
U.S. Both operations treat a portion of their mine dralnage
with 1lime and then allow the effluent to settle in a series
of ponds. Of the two sites (both visited), one was chosen.
as the industry representative. Note that mines in this
subcategory typically have more than one discharge, and some
of these discharges are treated.  The remaining wastewater
is' discharged directly t¢© nearby streams. It has been
recommended that all discharges be treated. ' o

The representative mine produces 861,650 metric  tons
{950,000 short +tons) of ore yearly. The average untreated
mine drainages for the representative operation consist of
three d;?charges with flow rates of 17,000, 7,570, and 3,785
cubic ters (4,500,000, 2,000,000, and l 000 000 gallons,
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respectively) per day into pits.’ . Each discharge must be
treated separately Dbecause of '~the great distance between
each pit. ©One level of technology is -considered for this
subcategory. The incremental cost of implementing this
level is shown in Table VIII-15. |

Waste Water Treatment/Control

Levél_gi . Lime Precipitation and Sécohdagx Settling .

The typical bauxite mine has dewatering pumps, pipes, and
primary settling _ ponds. The installation of additional
piping, a lime precipitation system, and secondary settling
ponds for each discharge is needed to achieve level A.

The addition of. 0.9 kg of hydrated lime per 3.785 cubic
meters of mine water (2 1bs1000 gallons), followed by a 2-
day retention in the secondary settling ponds, is considered
adequate treatment for this subcategory.

The «capital and operating costs and assumptions for
' attaining this level are shown below. ‘

;yCag;;al—Cost-Components and Assumptions for Level A:

‘Three lime precipitation units -
© 17,000 cubic meters (4,500,000 gal)/day
7. 570 cubic meters (2,000, 000 gal) 7day
3,785 cubic meters (1,000, 000 gal)/day

Three secondary settllng ponds -
"~ all have dike height of 3 m (10 ft) and are 3
. meters (10 ft) wide
- capacities of 50,000 cubic meters (13 209,000 gal)
25,000 cubic meters (6,604, 000 gal)
- 12,000 cubic meters (3, 170 000 gal)

P1p1ng - Flow @ 2 m (6.6 ft)/sec through plpes measurlng.
- 36 cm (14 in.) x 100 meters (328 feet) .
26 cm (9.4 in.) x 100 meters (328 feet) .
~'17 em (6.7 in.) x 100 meters (328 feet)
Land - 4.3 hectares (10.6 acres) -

Operatlng-Cost Assumptions for Level A°

Lime - 2,380 metric tons (2,625 short tons)/year‘
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‘TABLE VIII-15. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LCAD CHARACTERISTICS FOR TYPICAL MINE -

SUBCATEGORY:

Bauxite Mines

pLANT sizg: 861,650

PLANT AGE: /> YEARS

METRIC TONS (_950,000 snon'r *rouswen YEAR OF OI‘e mmed

PLANT LDCATION

Arkansas

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LE’Vil:S

COST CATEGORY

COSTS (81000} TO ATTAIN LEVEL

A ] c 3 {3
TOTAL INVESTED CAPITAL 383.2 t ' ' ‘
ANNUAL CAPITAL RECOVERY 51.7 ¥
ANNUAL OPERATING AND MAINTENANCE 149.5
COSTS (EXCLUDING ENERGY AND POWER) . '
ANNUAL ENERGY AND POWER COSTS 25.3 t
"TOTAL ANNUAL COSTS 226.5 t :
COSTS(SI/METRIC TON OF PRODUCT® 0.26 | 4 ‘ T

b. RESULTING WASTE- LOADCHARACTEHISTICS L : to-

CONCENTRATION (mg/f) {poml

PARAMETER RAW " AFTER TREATMENT TO LEVEL
| TREATED! [ A s | ¢ "o E
TSS 161.0 | 20 20 |
Al 47.8 0.6 0.5
Fe 39.2 0.5 0.30
Zn 0.23 0.1 0.1

*ORE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHd{UN BY 0.907

"hNO COST DIFFERENCE

LEVEL A: LIME PRECIFITATION AND SECONDARY SETTLING
LEVEL 8: LIME PRECIPITATION AND SECONDARY SETTLING WITH OPTIMUM pH CONTROL
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Power - 186 kW (250 hp)

Operating personnel - 3 hr/day/unit = 12 ht/day

Capital Investment:

"Facilities
Lagoon (s) .. | . $ 80,200
Contingency and contractor's fee 10,425
Total facility cost $ 90,625
Land ‘ S 7,525

‘Equipment
| Lime preC1p1tat10n units ‘ $ 236,650
Piping : v 15,600
Equipment’ subtotal : 252,250
Contingency and contractor's fee : _32,785
Total equlpment cost ‘ $ 285,045
Total Capital Investment ' $ 383,195

;. Annual Cosf:

Amortization

Facility ‘ _ _ 3 9,230
Equipment ' : 42,480
Total amortization = S $ 51,710

Operation and Maintenance (0O&M) .
Land o | . 7150

Operating pérsonnel . , 37,800

- Facility- repair and maintenance : 2,405
Equipment repair and maintenance _ 12,615
Materials. ‘ o . L 4 91,875
Taxes "£T | 190
Insurance - [ : 3,830
Total OEM costs S $ 149,465
Electricity . . 25,365

Yo
4 &k
{4
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Total Annual Cost : . % 226,540

WASTE WATER TREATMENT COSTS FOR FERROALLOY-ORE CATEGORY

Ferrcalloy-0Ore Mines

There are seven ferrcalloy mines in this subcategory. The
annual ore production ranges frcem 16,560 +to 14,000,000
metric tons (18,220 to 15,500,000 short tons). The range of
daily wastewater discharged is 0 to 51,840 cubic meters (0
to 13,700,000 gallons).

A hypothetical mine, bkagsed on the industry average, was
selected as representative., This mine is assumed to have an
annual ore production of 1,800,000 metric tons (1,990,000
short tons), with a daily discharge of 3,275 cubic meters
(865,000 gallons). .
The current 1level of technology for this subcategory
includes flocculation, neutralization, and settling or
clarifying. A further 1level of technology has been
recommended. The total costs of achieving this level are
shown in Table VIII-16.

Waste Water Treatment/Control

Level A: Lime Precipitation and Secondary Settling

e

The necessary equipment includes a lime precipitation unit
and a settling pond. The addition of 0.9 kg of hydrated
lime per 3.785 cubic meters (2 1b/1000 gallons) of
wastewater is considered sufficient for precipitation of
metals. The wastewater is then retained for one day in a
settling pond before discharge. The capital and operating
costs and assumptions for attaining this level are shown
below.

Capital-~Cost Components and Assemptions for Level

Lime precipitation system
Settling pond =~ dike height of 3 meters (10 feet)
top width of 3 meters (10 feet)
capacity of 4,900 cubic meters (1,295,000 gal)

ILand - 0.35 hectare (0.85 acre)
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| TABLE VIII-16. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-
LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY: Ferroal 10)’-01‘8 Mines

PLANT S1ze: 1,800,000 METRIC TONS { 1 ,980,000 sHORT TONS) PER YEAR OF OoTe mined

PLANT AGE:N/A vEaRs PLANT LOCATION: N/A

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

' COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY
A B ' c D 3

TOTAL INVESTED CAPITAL 93.8 t ’
ANNUAL CAPITAL RECOVERY 14.0 t
| ANNUAL OPERATING AND MAINTENANCE ¢

COSTS (EXCLUDING ENEAGY AND POWER] |25 .1

ANNUAL ENERGY AND POWER COSTS 12.5 1
TOTAL ANNUAL COSTS 51.6 t

X _ —

/| COSTSIS)/METRIC TON OF PRODUCT® 0.028 t ' | ' l '

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/2) {ppm)

| PARAMETER l(!UA':‘Y AFTER TREATMENT TO LEVEL
N ) TREATED)| A B c 0 -~ E
1 1ss 50 |20 20 -
T as ] 0.5 0.5
T cd 0.14- | 0.05 0.05 .

Cu 0.5 | 0.05 0.05

Mo 2 1.0 1.0

Pb 0.25 | 0.2 0.1

Zn 0.6 | 0.5 0.1

*ORE MINED. TO OBTAIN COSTS/SHORT TON.OF PRODUCT, MULTIPLY COSTS SHOWN BY 0907

WO COST DIFFERENCE
LEVEL A: LIME PRECIPITATION AND SECONDARY SETTLING

LEVEL 8: LEVEL A WITH OPERATING EXPERIENCE AND CLOSER CONTROL
OF OPERATING CONDITIONS

651



Piping - Flow 3 2 meters (6.6,feet)fsec0nd thrbﬁdh pipe
measuring 16 cm (6.3 in.) x 100 meters (328 ft)
Operating-Cost Assumptions for Level A:

Lime - 275 metric tons (302 short tons)/year
Operating personnel - 3 hr/day
Power - 32 kW (43 hp) ‘

Capital Investment& ‘

Facilities
Lagoon o ' $ 8,000
 Contingency and contractor s fee 1,040
Total fac111ty cost $ 9,040
Land | ' 615
Eguigment
Lime precxpltatlon unit’ : | 49,000
‘Piping 3,700
Equipment subtotal . 52,700
Contingency and contractor's fee - _ 6,850
Total equipment cost 59,550
Total Capital Investment ST - $ 69,205
Annual Cost:
~Amortization
Faciiity ~ $ 920
Equipment : ' 8,875
Total amortization ‘ $ 9,795
. Oreration and Maintenance (O&M)
Land | 60
Operating persconnel o 9 450
Facility repair and maintenance o 240
Equipment repair and maintenance ' o 2,635
Materials _ 10 570
Taxes : 15
Insurance 690
Total OEM costs 7 ‘ . 23,660
Electricity . o © 7 4,320
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Total Annual Cost . $ 37,775

Ferroalloy MinesMills Annually Processing Less Than 5,000
Metric Tons {5,500 Short Tons) Ore Ey Methods QOther Than Ore

leaching Ore Leaching

There are 50~60 operations in this subcategory. All are
located in the western U.S. The annual amount of ore milled
ranges from 0 to 5,000 metric tons (0 to 5,500 short tons).
The daily wastewater flow ranges from 0 to 1,872 cubic
meters (0 to 500,000 gallons).

Mills in this subcategory are small and operate 100 days a
year or less. The mine associated with each mill is assumed
to discharge 350 days and to require treatment of the mine
water year-round.

AR typical operation in this sukcategory mines and mills
. approximately 500 metric tons (550 short tons) a year. The
daily qastewater'flow is 55 cubic meters (14,500 gallons).

.. Two levels of technology are considered. .The costs of
achieving these levels are shown in Table VIII-1l7.

- Waste Water Treatment Control

Level A: Settling Pond

- The equipment and facilities necessary to achieve this level
include a pond and additional piping.

The éapitai and operating costs are as follows:

Cagital'Inverstment:

Facilities
Settling Pond . $ 500
Contingency and contractor's fee 65
Total facility cost .8 565

tqui ‘ent

Piping $ 1,000
contingency and contractor's fee 130
Total equipment cost ‘ 1,130
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TABLE VIH-17. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

Ferroalloy Mine/Mill Annually Processing Less than 5000 Metric Tons
suacaTegory{>,500 Short Tons) Ore by Methods Other than Ore Leaching

PLANTSIZE: 500 METRIC TONs {550 SHORT TONS) PER YEAR OF ore mined and milled

PLANT AGE:N/A YEARS PLANT LOCATION:  N/A

5. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY
A 8 c : D E

TOTAL INVESTEDCAPITAL‘ 1 '7 5.4 8.3
ANNUAL CAPITAL RECOVERY 0,23 0.78 1.29
ANNUAL OPERATING AND MAINTENANCE 0.08 0.37 0.62
COSTS (EXCLUDING ENERGY AND POWER) :
ANNUAL ENERGY AND POWER COSTS - 0.25 0.50

TOTAL ANNUAL COSTS 0.31 1.40 2.41
COSTS/METRIC TON OF PRODUCT® 0.62 2.80 ) 4,82

b. RESULTING WASTE-LOAD CHARACTERISTICS

. CONCENTRATION (mg/ £} {(ppm)
PARAMETER . RAW AFTER TREATMENT TO LEVEL

© (UN-
TREATED] A 8 . € D E
N (250,000 30 | 30 30

|

*oRE MILLZED. TO OBTAIN COSTS/SHORT TON OF PRODUCT {ORE MILLED}, MULTIPLY COSTS SHOWN BY O.SQT

LEVEL A: SETTLING POND
LEVEL B: LEVEL A PLUS pH CONTROL
" LEVEL C: LEVEL B PLUS FLOCCULATION
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Total Capital Investment 5 1,695‘

Annual Costé

Amortization
Facility ' ‘ ' $ 60
Equipment . 170
Total amortization | k] 230

Operation and Maintenance {OEM)

Facility repair and maintenance 15
Equipment repair and maintenance 50
Insurance - 15
Total O&6M Cost . o 80
Total Annual Cost - $ 310

Level B: Settling Pond and pH Control at Selected
‘Operations

- A few operations in this subcategory will need to raise the

pE of their mine water from about 5 t0 a minimum of 6.5, ToO
7 d6this the addition of 0.45 kg of 1lime per 3.785 cubic
. meters {1 1br/1000 gallons) of wastewater is. recommended.
Cost for operating personnel is not included. It is assumed
‘that the owners of these operatlons do-. the necessary: work
themselves. /

- The incremental capital and operating costs for Level B are
-shown below. The total costs of achieving Level B are shown
in Table VIII-17.

"Capital Investment:

Equipment
Mixing tank - o $1400
Slurry Pump ’ 1875
Equipment subtotal 3275
Contingency and contractor's fee - 425
Total Capital Investment o $3700

Annual Cost:

Amortization
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Operation and Maintenance (OE&M)

Equipment repair and maintenance $ 165

""Materials , 85
Insurance 40
Total 0O&M Costs ‘ $ 290

Electricity

Total Annual Cost $1095

Ievel C: Ievel B plus Flocculation

In addition to Level B treatment, flocculation would be
necessary for mill water at selected operat;ous. This would
be needed for only 100 days a year. ' -

A full day supply of flocculant, in a 0.2 peréént solution
that is prepared daily, is fed to the wastewater stream at a’
rate of S mg/l. The total cost of Level C treatment is
shown in Table VIII-1l7.

The incremental costs for achieving Level C are shown below.

Capital Investment:

Equipment .
Mixing tank $ 1300 -

Feed pump o 1700
Equipment subtotal - 3000
Contingency and contractor's fee 390
Total Capital Investment $3390

Annual Cost:

Amortination ‘ ) 505

Operation and Maintenance (O&M)
Equipment repair and maintenance $ 150
Materials ’ 60
Insurance 35
Total A&M Costs ' ' 245

Electricity . - 255

656



Total»Annual Cost ‘ " _$ 1005

Ferroalloy Mills Annually Processing More Than 5,000 Metric
Tons (5,500 Short Tons) Cre By Physical Methods

There are two mills in this subcategory, both of which are
located in the western U.S. The annual amount of ore milled
ranges from 7,200 to 1,800,000 metric tons (7,925 to
1,990,000 short tons). The daily wastewater flow ranges
from 30 to 17,425 cubic meters (7,925 to 4,603,700 gallons).

A hypothetical mill was chosen to represent this
subcategory. The average annual milling capacity is 525,000
metric tons (577 500 short tons), with a daily discharge of
4,920 cubic meters (1,300,000 gallons) . ,

Three  alternative levels of technolcgy are considered. The
total costs of implementing these levels are shown in Table
VIII-18. :

Waste Water Treatment/Control

" Level A: Lime Precipitation

" Level-A treatment consists of lime precipitation and
settling. The necessary settling fponds are currently
available; therefore, no cost estimates for these facilities
have been made. The addition of 1.36 kg of hydrated lime
. per 3785 cubic meters (3 1b/1000 gallons) of water would be

necessary to'raise the pH sufficiently for prec1pltat10n of
metals.

The capital. and operating costs and assumptions for
attaining this level are shown below.

Capital-Cost Components and Assumptions for LevellA:

Lime precipitation system

Operating-Cost Assumptions for Level éi'

Lime - 618 metric tons (682 short tons) /year -
Operatinq personnel - 3 hr/day

Power - 37 kW (50 hp)
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TABLE VIII-18. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE.-
LOAD CHARACTERISTICS FOR TYPICAL MILL

Ferroalloy Mills Annually Processing More Than 5,000 Metric
SUBCATEGORY:_Tons (5,512 Short Tons] Ore by Phvsical Methods

PLANT SIZE: 525 000 METRIC TONS (_577,500 SHORT TONS)PERYEAROF gre milled
PLANT AGE: N/AYEARS PLANT LOCATION:_ N/A

s. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS {$1000) TO ATTAIN LEVEL
COST CATEGORY
~ _ A 8 c o E
TOTAL INVESTED CAPITAL 70.0 64.2 134,2 '
ANNUAL CAPITAL RECOVERY 10.4 9.6 20.0
ANNUAL OPERATING AND MAINTENANCE '
COSTS (EXCLUDING ENERGY AND POWER)| 571 3.5 40.6
ANNUAL ENERGY AND POWER COSTS 5.0 1.0 6,0
TOTAL ANNUAL COSTS 52.5 14.1 66.6
COSTS (S}/METRIC TON OF PRODUCT® 0.10 0,02 0.127

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/ L) (ppm)
PARAMETER (RAW AFTER TREATMENT TO LEVEL
UN- 1
TREATED) A B (4 D E

TS5 | " | '300,000] 79 0 20

As 0.6 0.5 0 0.5
| Cd ' | 0.1 0,05 | o ~0.05

Cu _0.5 0,05 0 0.05

Mo 'S - o 1.0

7n : 0.2 0.2 0 0.1

ORE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE M}LLED). MULTIPLY COSTS SHOWN BY 0.907

LEVEL A: LIMEPRECIPITATION
LEVEL B: TOTAL RECYCLE (ZERO DISCHARGE]
LEVEL C: LEVEL APLUS (LEVEL BWITHOUT ZERO DISCHARGE)
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Capital Investment:

Lime precipitation unit
Contingency and contractor's fee

Total Capital Investment

Annual Cost:

Amortization

Operation and

Maintenance (O&M)

Operating
Equipment
Materials
Insurance
Total O&M

- Electricity

~+Mills in

.~ Level B:

personnel

repair and maintenance

costs

Total Annual Cost

Total Recycle (Zero Discharge)

--0f.- their process water.
_ equivalent to
.discharged Level-B technology requires additional pumps
..piping to attain total recycle.

. cubic .

The

" capital

meters,

The

' and  operating
‘attaining this level are shown below.

$ 62,000
8,060

$ 70,060

'$ 10,440

$£ 9,450
3,100
23,870
700

$ 37,120

5,020

$§ 52,580

this subcategory recycle approximately 60 percent

remaining 40 percent (1,968

520,000 gallons, per day) is

costs

~Capital-Cost Components and Assumptions for Level B:

Operating-Cost Assumptionsg for Level B:

and

and assumptions for

Piping - Flow @ 2 meters (6.6 feet)/second through pipe
' (S in.) x 1,750 meters

measuring 12 cm

(5,740 feet)

Pumps - water pumps rated at 1,968 1 (361 gal)/min

Power - 7.5 kW (10 hp)

Capital Investment:

Piping
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Pumps ! . : 4,300

Equipment subtotal ' ' ’ 56,800
Contingency and contractor's fee BRI 7,385
Total Capital Investment % 64,185

Annual Cost:

Amortization - . v 9,565

‘Operation and Maintenance (O&M)

suipment repair and maintenance o $ . 2,840
Insurance . : : 640
Total OGM costs - _ 3,480

Electricity : ' 1,000
Total Annual Cost : ' 814,045

Level C: Level A plus Level B

Level-C technology is applicable in areas where there is
excess water., The total cost of attaining this level is the
'sum of the costs of attaining levels A and B. These costs
are shown in Table VIII-18. :

Ferrcalloy Mills Annually Processing More Than 5,000 Metric
Tons (5,500 sShort Tong) Ore By Flotatiocn

There are four mills in this sukcategory, all of which are
located  in the western U.S. The range of ore milled is
7,200 to 15,480,000 metric tons (7,925 to 17,030,000 short
tons) annually. The dally mill wastewater ranges from 30 to
- 94,600 cubic meters (7,925 to 25,000,000 gallons). -

A hypothetical mill with an annual milling capacity of
5,600,000 metric tons (6,160,000 short tons) and with a
daily wastewater flow of 22,710 cubic meters (6,000,000
gallons) is representative for this subcategory.  Four
levels of technology are considered. The total . costs of
~achieving these levels are shown in Table VITI-19.

Waste Water Treatment/Control
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g
TABLE VIII-19. WATER EFFLUENT TREATMENT COSTS AND RESULTING WASTE-
LOAD CHARACTERISTICS FOR TYPICAL MILL

. Ferroalloy Mills Annually Processing More Than S,VOOO‘ Metric
SUBCATEGORY: __Tons (5,512 Short Tons) Ore by Flotation .

PLANT SIZE: 5,600,000 METRICTONS(G 160 000 s-uonr'rouslren YEAROF gre nilled
PLANT AGE:_N/AYEARS PLANT LOCATION: NjA

s. COSTS OF THEATMEMT TO ATTAIN SPECIFIED LEVELS

COST CATEGORY COSTS ($1000) TO ATTAIN LEVEL
A - B__ c D . 3 J
TOTAL INVESTED CAPITAL 126.6 113,0° | 252,1 269.7
ANNUAL CAPITAL RECOVERY ’ ‘18.‘9 1 16.8 [0 36.1 38.7
COSTS (EXCLUDING ENERGY AND pOweR)| 104.5 | 6.1 | . 70,5 | 3.1
ANNUAL ENERGY AND POWER COSTS 10.7 12.3 20.6 13.3
TOTAL ANNUAL COSTS 134,1 35,2 127.2 106.1
COSTS [SI/METRIC TON OF PRODUCT® 0,023 0.00¢] '0.022|  0.02
b. RESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION (mg/ ) {ppm)
PARAMETER | Raw ‘ _ AFTER TnEAmegjr To LEYEL
| TREATED) |
TSS 500,000 0
COoD 135 . 50 0 25 25
Cyanide 0.45 0.05 0 0.02 0.02
As - 0.6 0.5 0. 0.5 |° 0.5
cd 0:74] 0,05 | ¢ 0.05 0.05
Cu 51 0.05 0 0.05 0.05
Mo ' R Y 0 1.0 1.0,
m R 50 | 0.2 | -¢o 0:1 | 0.1

“one MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLED), MULTIPLY COSTS SHOWN BY 0.907

LEVELA: LIME PRECIPITATION AND msc»—mnse
LEVEL B: TOTAL RECYCLE

LEVEL C: LEVEL 8 PLUS FERRIC SULFATE ADDITION FLOCCULATION SETTLING LIME NEUTHALIZATION
’ SECONDARY: SETTLING, AND AERATION

LEVEL D: LEVEL BPLUS AERATION, SETTLING, AND ION EXCHANGE
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Level A: ~Lime Precipitation and Discharge

The settling ponds necessary for adequate precipitation and
settling are considered to be already installed. ' The
addition of 1.36 kg of . pebbled lime per 3785 liters (3.0
1b/1000 gallons) of water is necessary for prec1p1tat1on.

The capital and operatxng costs and assumpt;ons, for
attaining this level are shown below. S

Capital-Cost Components and Assumptions for Level A:

Lime'precipitatiOn unit

Operatlnq-Cost Assumptlons for Level A:

Operatlng personnel -3 hr/day x 360 days/year

Lime - pebbled, quantity of 2,857 metric tons (3, 150
short tons)/year

Power - 75 kW (100 Hp) -

Capitalﬂlnvestment:

Eguigment
Lime precipitation unit $ 112,000
Contlngency and contractor's fee 14,560
-Total equipment cost 126,560
Total‘Capital Investment . . $ 126,560

Annual Cost:

Amortization : s 13,860

Operation and Maintenance (O&M)

Operating persconnel h § 9,450

Equipment repair and maintenance’ - 15,600
Materials ‘ . -88,200
Insurance ‘ 1,265
Total O&M costs : : $ 104,515
Electricity" | - 10,700
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Total Annual Cost . $ 134,075

‘Level B: Total Recycle

To achieve total recycle, additional piping and pumps would
be necessary. The implementation of a total-recycle system
-does not necessarily imply no discharge. The problem of
excess water due to rainfall still exists. The capital and
operating costs and assumptions for attaining this level are
shown below. o '

Capital-Cost Components and Assumptions for Level B: . .
Pumps - water pumps rated at 15,770 1 (4,163 gal)/min

Piping - Flow @ 2 meters (6.6 feet)/seé'thfough pipe
measuring 42 cm (16.5 in.) x 1000 meters
(3,280 feet)

Operating—Cost Assumptions for Level B:

Power - 89 kW (120 hp)

Capital Investment:

Equipment .

Pipina . : £ 21,000
Pumps - - 79,000
Equipment subtotal 100,000
Contingency and contractor's fee 13,000
Total Capital Investment . . % 113,000

Annual Cost:

Amortization | $ 16,840

Qperation and Maintenance (QO&M)

Equipment repair and maintenance $ 5,000
Insurance . ‘ 1,130
To%al OtM costs | ‘ 6,130
Electricity | 12,250

Total Annual Cost | $ 35,220
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Tevel C: Level B plus Ferric Sulfate Addition, Flocculation,
Setrling., Lime Neutralization, Secondary Settling,
and Aeration

Level-C technology may be applied in areas of excess water.
It is assumed that 25 percent of the mill wastewater is bled
and discharged--a daily total of 5,677 cubic meters
(1,500,000 gallons). The treatment recommended for mills in
this  subcategory is the addition of 75 mg/1 of ferric
sulfate and 5 mgs1l of flocculant to the wastewater stream.
Acid is also added to lower the pH to 4.5; however, no cost
is shown for this item, as the cost is negligible. The
wastewater is then contained for one day in a settling ponAi.
Prior to discharge, the wastewater is neutralized with lime
{(0.45 kgr/3.785 cubic meters, equivalent to 1 1br/1,000
gallons) and contained in an aerated pond. Aeration is
needed to lower COD and to convert cyanide to cyanate. The
capital and operating costs and assumptions for attaining
this level are shown below.

Capital-Cost Components and Assumptions for Level C:

2 Settling ponds - dike height of 3 m (10 ft)
top width of 3 m (10 ft)
capacity of 8,516 cubic meters

(2,250,000 gal)
Land - 1.06 hectares (2.6 acres)
Ferric sulfate addition - 2 mix tanks with capacity of
l4.2 cubic meters (3,750

. gallons)
1 metering pump

' Flocculation system
Lime neutralization system
Rerator - 18 kW (24 hp)
Piéing - Flow 2 2 meters (6.6 feet)/sec through pipe’
measuring 21 cm (8.3 in.) x 200 meters

(656 feet)

- Operating-Cost Assumptions for Level C:

Operating personnel - 6 hr/day

Materials - lime @ 236 metric tons (260 short tons)/year
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ferrlc sulfate d 149 metrlc tons (163 short
tons) /year

flocculant @ 9 9 metric tons (10 9 short
tons)/year

Power - 60 kW (81 hp)

Capital Investment:

Facilities
Lagoons | ‘ $ 22,000
Contingency and contractor's fee . 2,860
Total facility cost . ' $ 24,860

Land | S o 1,860

Equipment
Ferric sulfate system ' 12,550
Flocculation system : 14,900
Lime neutralization unit S 55,000
Piping : . ~ 9,000
Aeration egquipment _ 8,000
Equi pment subtotal - 99,450
Contingency and contractor's fee ’ ‘ 12,930
Total equipment cost 112,389
Total Capital Investment  $139,100

. Annual Cost:

Amortization
Facility g | $ 2,530
Equipment ' 16,750

Total amortization ' $ 19,280

Operation and Maintenance (O&M)

Land oo s 185

Operating personnel : o 18,900
Facility repair and malntenance . ' - 660
Equipment repair and maintenance - 4,975
Materials L 38,235
Taxes - 45
Insurance ‘ 1,390
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Total O&M costs 7 $ 64,390

Electricity 8,270
Total Annual Cost _ $ 91,940

Level D: Level B plus Aeration, Settling, and Ion Exchénge

Level-D treatment is an alternative to level-C treatment.
Level-D technology may be applied in areas of excess water.
It is assumed that 10 percent of the mill wastewater is dis-
charged (a total of 2,271 cubic meters, equivalent ¢to
60C,000 gallons). This 1level of treatment includes an
aeration pond and an ion-exchange unit.

The excess wastewater is contained for one day in an
aeration pond to lower COD from 100 mg/l to 20 mg/l and to
ccnvert cyanide to cyanate. The wastewater is then passed
on to an ion-exchange unit for further treatment before
discharge. The amount of ion-exchange resin actually needed
would depend upon the characteristics of the wastewater.
For the purposes ©of this report, it is assumed that 5.5
cubic meters (7.2 cubic yards) of resin would be adequate.

The capital and operating costs and assumptions for attain-
ing this level are shown below.

Capital-Cost Components and Assumpticns for Level D:.
Settling pond - dike height of 3 m (10 £f¢t)
' top width of 3.m (10 f¢t)
capacity of 3,400 cubic meters
(898,200 gallons) L
Land - 0.26 hectare (0.64 acre)

Aerator - 7.5 kW (10 hp)

Ion Exchanger - capacity of 5.5 cubic meters (7.1 cubic yards)

Piping - Flow @ 2 meters (6.6 feet)/sec through pipe
measuring 13 cm (5 in.) x 100 meters (328 feet)

Operating-Cost Assumptions for Level D:

Operating personnel - 10.8 hrs/day

Resins - replacement every 3 years
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Power - 7.5 kW (10 hp)

Capital Investment:

Facilities

Lagooen
Contingency and contractor's fee
Total facility cost

‘Land

Equipment

Aeration unit

Ion exchanger

Piping ,

Equipment subtotal

Contingency and contractor's fee
Total equipment cost

Total Capital Investment

Annual Cost:

Amortization
Facility
Equipment.

Total amortization

Operation and Maintenance (O&M)

Land

Operating personnel

Facility repair and maintenance
Equipment repair and maintenance
Materials

Taxes

Insurance

Total O&M costs

Electricity
Total Annual Cost
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$ 6,200
805
$ 7,005

455

3,400
125,000
3,200

$ 131,600
17,110
148,710

$156,170

$ 715

22,165
$ 22,880



Ferrcalloy Mills~Practic;nq Ore Leaching

There 1is only one ferroalloy mill in this subcategory, and
it is located in +the southeastern U.S. . The ore milled
annually is 410,400 metric tons (451,500 short tOns), with a
daily wastewater d;scharge of 5,300 cubzc meters (l 400 000
gallons). S . .

There are four levels of technologies considered. The tbtal
costs of achieving these levels are shown in Table VIII-20.

Waste Water Treatments/Control

Level A: Lime Precipitation, Thickener, Sludge Pond,
and Surge Pond : o

Becauseé of the hlgh buffering effects of salts in the
wastewater the addition of 2.25 kg of pebbled lime per 3,785
cubic meters (5 1b/1000 gallons) of wastewater is requlred
for precipitation. The capital and orerating c¢osts and:
agssumptions for attaining this level are shown below. ’

Capital Cost Components and Assumptions for Level A:

Sludge pond - . dike height 3 meters (10 ft)
o top width of 3 meters (10 ft)
capacity of ‘10,000 cubic meters
(2,690,0001g§l).

Surge pond - dike height 3 meters (10 ft)
top width of 3 meters (10 ft)
capacity of 7950 cubic meters
(2,100,000 gal) -

Lime precipitation system

Land - 1.1 hectares (2.7 acres)

Piping - flow at 1 meter (3.3 feet)/sec'through pipe
measuring 29 cm (11.5 in) x 1000 meters

Sludge pumps - rated at 370 liters (98 gallons) /min

Thickener - 1 hour retention; continuous flow
250 cubic meter capacity (66,050 gallons)

OQperating Cost Assumptions for Leve; Az

Operating personnel - 4 hrs/day
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TABLE VII-20. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE:-LOAD CHARACTERISTICS FOR TYPICAL MILL

Ferroalloy Mill Practicing Ore Leaching

METRIC TONS (451,500 SHORT TONS) PER YEAR OF ore milled

_ PLANT LOCATION: N/A

SUBCATEGORY:

PLANT siZE:_410,400

PLANT AGE:N/A vEaRs

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS 151000} TO ATTAIN LEVEL
COST CATEGORY
A 8 C D B
TOTAL INVESTED CAPITAL 280.0 424 .2 4292 490.5
ANNUAL CAPITAL RECOVERY 40.1 61.6 62.5 70.9
ANNUAL OPERATING AND MAINTENANCE '
COSTS (EXCLUDING ENERGY AND PO‘:NEFI) 61.7 3?84 -9 385.1 388.3
ANNUAL ENERGY AND POWER COSTS 5.7 16,7 16.7 29,3
TOTAL ANNUAL COSTS 107.5 463.2 464 .3 488.5
COSTS/METRIC TON OF PRODUCT® 0.26 1.13 1.13 __1 .19

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/ 1) (ppm}
PARAMETER m:? . "AFTER TREATMENT TO LEVEL
TREATED) A ‘'8 c ] €

TSS 300,000] 20 20 20 20
Ammonia 1200 1200 30 30 5
As . 0.6 0.5 | 0.3 0.5 0.5
cd | o3 0.05 0.05 | 0.05 0.05
Cr . 1.1 1.1 1.1 0.05 0.05
Cu 0.3 0.05 0.05 0.05 0.05
n ' 4 0.2 0.2 0.1 0.1

'OHE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLED), MULTIPLY COSTS SHOWN BY 0.907

LIME PRECIPITATION, THICKENER, SLUDGE AND SURGE POND
LEVEL A PLUS AMMONIA STRIPPING

LEVEL B PLUS SULFUR DIOXIDE INJECTION

LEVEL C PLUS AERATION

LEVEL A:
LEVEL B:
LEVEL C:
LEVEL D:
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Lime - 1111 metric tons/year (1225 short tons)
Power - 57 hp

Capital Investment:

Facilities ‘ o .
Sludge and Surge pond : $ 24,500
Contingency and contractor's 3,200

fee : o
Total facility cost - $ 27,700

Land B . ‘ 1,925

Eguipment
Lime precipitation system $ 76,050
Thickener ‘ 85,000 .
Piping _ ' ‘ _ 56,000
~Sludge . 4,500
Equipment Subtotal 221,550
Contingency and Contractor's

fee 28,800
Total equipment cost 250,350
Total Capital Investment == $ 279,975

Annual Cost:

Amortization .
Facility . _ 2,700
Fquipment 37,300
Tetal amortization : 40,000

Operation and Maintenance (O&M)

Land » 190

Operating personnel 12,600
Facility repair & maintenance 735
Equipment repair & maintenance 11,080
Materials ‘ 34,220
Taxes - 50
Insurance 2,800
Total O&M costs » 61,675
Electricity 5,700
Total Annual Cost $ 107,445
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Level B: Level A plus Ammonjia Stripping

Level B technology suggests that 10 percent of the
wastewater (530 cubic meters, equivalent to 140,000 gallons)
be segregated from the rest of the mill wastewater. This
water 1is contaminated with large amounts of ammonia. To
remove the ammonia, the wastewater must first be treated
with caustic soda to raise the pH to 1l. The wastewater
must then be sent to an air stripper, which will remove 90
to 95 percent of the ammonia.

The costs for ammonia stripping have been provided by
surveyed operations. The capital and operating costs and
assumptions for attaining this level are shown below.

Total costs for level B are shown in Table VIII-20.

Capital Cost Components and Assumptions for Ammonia
Stripping E

.Pipinq - flow at 1 meter (3.3 ft) sec through pipe measuring
9 cm (3.5 in) x 1000 meters (3280 feet)

Pumps - slurry type, rated at 370 liters (98 gallons)/min

Ammonia stripper,éhpacked column at $33,000
fan at $9,000

caustic soda addition - mix tank with capacity of 228
o cubic meters (60,000 gallons)
- liquor feed pump with <capacity
of 945 liters/hour (250
gallons)
- instrumentation on mix tank for

PH checksccntrol

Operating Cost Assumptions for Ammonia Stripping
Operating personnel - 3 hour/shift, 3 shift/day

Caustic soda - 3500 metric tons (3880 short tons) at
$82/metric ton (§74.38 short ton)

Power - 110 hp
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Capital Investment:

Equipment

Caustic soda addition

Ammonia stripper

Piping

Pumps

Equipment subtotal

Ccontingency and Contractor's
fee ‘

Total Capital "Investment

$ 56,100
42,000
25,000

4,500

$ 127,600

16,590

$ 144,190

Annual Cost

Amortization 21,485
Qperation and Maintenance (O&M)
Operating personnel £ 28,350
Equipment repair and
maintenance 6,380
Materials 287,000
Insurance . 1,440
Total O&M $ 323,170
Electricity $ 11,000

Total Annual Cost $_355,655

Level C: level B plus Sulfur Dioxide Injection

Sulfur dioxide injection is required for chromium reduction.
The sulfur dioxide injection system requires a holding tank,
ejector, and sulfur dioxide. Total costs for Level C. are
shown in Table VIII-20. The incremental capital and
operating costs and assumptions for attaining this level are
shown below. ' ‘ : A

Capital Cost Components and Assumptions for Level C:

Sulfur dioxide injectin system - 1 holding tank with
retention +time of 5 minutes and a capacity of 18,400 liters
(4,860 gallons)

Ejector

Operating Cost Assumptions for Level C:
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Sulfur dioxide - amount needed is low and is presumed to be
readily available.

Capital Investment:

Equipment .
Ejector ‘ ' $1,000
Sulfur ledee injection tank 3,400
Equipment subtotal 4,400

Contingency and contractor's fee 570
 Total Capital Investment 8 4,970

Annual Cost:

Amo;tization 8390

Operation and Maintenance (O&M)

Equipment repair and maintenance B 220
Insurance ~ ‘ 50
Total O&6M 270
Total Annual Cost | $ _1,160

Level D: Level C plus Aeration

. Further treatment would include the merging of the waste
. streams into an aerated pond. The purpose of aeration is to
lower COD. A one-day retention is recommended before
discharge. I

iThe capltal and operatlng costs and assumptions for
-attaining this level are shown below. Total costs for Level
.D are shown in Table VIII-20. . ' '

'Capital Cost Components'and Assumptigons for Level D:

Pond -  dike height of 3 meters (10 ft); top width of 3
meters; and capacity 7,950 cubic meters (2,100,000 gallons)

T

; Land —;O.S hectare (1.2 acres)
Aerator - 94 kW (126 hp)

Capital Investment:

Facilities
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Pond $§ 11,500
Contingency and contractor's

fee 1,495
Total facilties cost $ 12,995
Land ‘ 875
Equipment
Aerator $ 42,000
Contingency and contractor's fee 5,460
Total equipment cost 47,460
Total Capital Investment $ 61,330

Annual Cost:

Amortization
Facility 1,325
Equipment 7,075
Total amortization $ 8,400

Operation and Maintenance [(O&M):

Land ' S 90
Facility repair and maintenance 345
Equipment repair and maintenance 2,100
Taxes 20
Insurance 615
Total O&M cost 3,170
Electricity 12,600
Total Annual Cost $ 24,170

WASTE WATER TREATMENT COSTS FOR MERCURY-ORE CATEGORY

‘Mercury-Ore Mines

e

The exact number of operating mercury mines is difficult to
determine at present. One open-pit mine is currently con-

sidered active; however, it does not have a discharge ani is
closed seascnally.

Currently, existing market conditions have resulted in
almost no activity from underground mercury mines. It is
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expected that, with a return ¢to more favorable market
conditions, some underground mines will again become active.

In anticipation of a rise in the market price of mercury, a
hypothetical mine was chosen to represent this subcategory.
The representative mine has an annual ore production of
27,210 metric tons (30,000 short tons) with a daily
wastewater flow of 378.5 cubic meters (100,000 gallons).

One 1level of technology is considered. The total costs of
achieving this level are shown in Table VIII-2l.

MERCURY ORE MINES

Waste Water Treatment Control

Level A: Lime Precipitation, Settling and Discharge

The addition of 1.36 kg of hydrated 1lime per 3.785 cubic
meters (3.0 1b/1000 gallons) to the wastewater is
recommended for precipitation of metals. '

A 15 day supply of hydrated lime (2,040 kg eguivalent to
4,488 1lbs) is stored as a slurry (0.9 kgs3.785 1, equivalent
to 2 1lb/1 gallen) in a mixing tank. A portion of the slurry
is drawn 0off and mixed with the mine water in another mixing
tank for 15 minutes, then is pumped intc a settling pond.

The capital and operating c¢osts and assumptions for
attaining this level are shown below.

Capital Cost Components and Assumptions for lLevel A:

2 Ponds - dike height 2m (7 feet): top width of 3 m (10
feet) and capacity of 570 cubic meters (150,600 gallons)

Land'- 0.2 hectare (0.5 acre)
Lime precipitation system -

slurry storage tank with capacity of 8,580 liters (2,265
gallons) and containing a 15-day supply of lime slurry.

mix' tank with retehtion time 6f 15 minﬁtes and capacity
of 3,375 liters (1,050 gallons), based on flow of 265.
liters (70 gallcons) per minute. .

Pump with «capacity -of 265 1liters’ (70. gallons) per
minute. - L Cr B '
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TABLE VIII-21. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MINE

SUBCATEGORY: Mercury-Ore Mines

. PLANT Si1ZE: 27,210 METRIC Tons (30,000 SHORT TONS) PER YEAR OF OTre mined

PLANT AGE: N/AvgaRs

PLANT LocATION: N/A : | __

3. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

, ‘ COSTS.I$1000) TO ATTAIN LEVEL
. COST CATEGORY
A 8 c o E

| TOTAL INVESTED CAPITAL 29.5 29.6

ANNUAL CAPITAL RECOVERY 4,2 4,2

ANNUAL OPERATING AND MAINTENANCE 6.5 9,7

COSTS (EXCLUDING ENERGY AND POWERI

ANNUAL ENERGY AND POWER COSTS 1.1 1.1

TOTAL ANNUAL COSTS 11.8 15.0
COSTS/METRIC TON OF PRODUCT* 0.43 0.55

- b. RESULTING WASTE-LOAD CHARACTERISTICS -

CONCENTRATION {mg/L) (ppm)

PARAMETER RAW AFTER TREATMENT TO LEVEL
' TREATED)| A B c ) | E
TSS 25 20 20
Hg 0.001 0.001 10.0005
Ni 0.2 . 0.1 0.1

"ORE MINED. TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.907

LEVEL A: LIME PREC!PITATION AND DISCHARGE
LEVEL B: LEVEL A AND SULFIDE PRECIFITATION
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Piping - flow at 2m (6.6 feet)/sec through pipe
measuring 5 cm (2 inches) x 1,100 meters (3,608 feet)

Operating Cost Assumptions for Level A:

Lime - 47.5 metric tons (53 short tons)/year
Operatlng perscnnel - 1 hr/day

Power - 8.2 kw (11 hp)

Capital Investment:

Facilities
Lagoons $ 3,400
Contingency & Contractor's fee 440
Total Facility Cost 3 3,840
Land ‘ _ 350
Equipment L
Lime precipitation ‘ ~ 6,950
Piping o 15,400
Equipment Subtotal ' 22,350
- contingency & Contractor's fee 2,905
Total equipment cost 25,255
Total Capital Investment $ 29,445

Annual Cost

Amortization : :
Facility $ 390
Equipment 3,765
Total Amortization $ 4,155

Oreration and Mainteﬁgnde {O&M)

Land 35
Operating personnel 3,150
Facility repair & maintenance 100
Equipment repair and maintenance 1,115
Materials ‘ . 1,855
Taxes - o 10
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Insurance o .. 295

Total OEM Costs . 5 6,560 .
Total Annual Cost . 11,815

Level B: Level A, Sulfide Precipitation andvDischargé

Level B technology consists of 1level A - plus sulfide
precipitation. The addition of 1 mg sodium sulfide to one
liter of wastewater (1 ppm). is recommended ..  for
precipitation. , o

The capital and operating costs for sulfide precipitation
are shown below. Total costs for level E are shown in Table
VIII-21. ‘ ' , ‘ ?

Capital Cost components and Assumptions .for Sulfide
Precipitation: - .o

Precipitation:

Sulfide precipitation system - drum with capacity of 208
liters (55 gal) ' ‘ ‘

Operating Cost Assumptions for SulfideJPrecipitation_
Sodium sulfide - 132 kg (291 1bf/year
Operating personnel 1 hr/day

Capital Investment:

Equipment . v - L : .
Sulfide precipitation unit 3 $ 100
Contingency and contractor's. fee 018
Total Capital Investment o $ 115

Annual Cost:

Amortization , Lo s 15

Operation and Maintenance {0&M) -

Operating personnel ' $3,150
Equipment repair & maintenance 5

Materials 30
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~Total O€&M Cost

) . $3,185
Totaernnual Cost ‘ - o $3¢200:

Mercury Mills Employing Flotation Process.

There are no mills currently operating in this subcategory.
A mill utilizing a flotation process is due to open in 1975.
This. m111 was chosen to be representative for this subcate-
gory. It is expected to mill 159,000 metric tons (175,000
short tons) a year. Discharge of wastewater is expected to
be 7, 570 cubic meters (2 000,000 gallons) daily.

The Lrecommended level of treatment is zerpidischarge of
wastewater. Two alternatives for achieving zero discharge

. are .considered. They are total recycle, or impoundment and

evaporatlon.' The costs of 1mplement1ng these alternatives
are shown in Table VIII- 22. _ o :

Waste Water Treatment/Control

Level A: Total Recycle (Zero Discharge)

The. facilities required to achieve total recycle include a
rectangular pond of 40 hectares (100 acres) whose length is
equal to twice its width. The pond would also require one
transverse dike to provide two separate ponds, each having
an drea of 20 hectares (50 acres). The first pond would be
used for sedimentation of suspended solids. The second pond
would be used as a polishing pond. Water in the pelishing

- pond would be recycled back to the mill.

Dlver31on -ditching along one length and one Hldth is recom-
mended to avoid stress in the system due to seasonal runoff.

Addltlonal equipment includes a taillng-disposal‘system and
decant pumps and pipes. The capital and operating costs and
assumptions for attaining this level are shown‘belqw.

: gapita;:éost Components and Assqmgtions fof'Levelig;‘

Pond - dike height of 2 m (7 ft)
top width of 3 m (10 £t)
capacity of 750, 000 cublc meters
‘Land - 40 hectares (100 acres)

Transverse dike - height of usl:meters{(l,SIZ feet)
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" TABLE VIII-22. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE LOAD CHARACTERISTICS FOR TYPICAL MILL

‘SUBCATEGORY: Mercurv Mills Emploving ‘Flotation Process
PLAHTSIZE 159 000 METRICTOHS(}?’S,OOO SHORT TONS! PER YEAR OF_Qre mnilled

‘PLANT AGE: - YEARS - PLANT LOCATION: Nevada

(under construction in 1875) :
a. COSTS OF TREATMENT TO ATTAIN QECIFIED LEVELS

. ‘ COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY -
: A B c . o E
TOTAL INVESTED CAPITAL 565. 3 736.0 |
ANNUAL CAPITAL RECOVERY =~ - ° 64.4 . 71.5
ANNUAL OPERATING AND MAINTENANCE | 21 7 66.4. -
COSTS (EXCLUDING ENERGY AND POWER)| . -l 0.4
ANNUAL ENERGY AND POWER COSTS 6.5 2.5 .
TOTAL ANNUAL COSTS 133.6 - |. 140.4
e ——
COSTS ($)/METRIC TON OF PHODUCT" 0.84 0.88
b. RESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION {mg/ %) (ppmi}
PARAMETER RAW . AFTER TREATMENT TO LEVEL
{UN-
' TREATED) A B c . o] E
TSS . 250,000 o 0
Hg = = 0.0072 o | -0 .
NE o005 o~ | 0

.ORE MH.LED. TD- OBTAIN COSTS/SHORT TON OF PRODUCT (CRE MILLED), MULT|PLY COSTS SHOWN 8Y 0.907
N

LEVEL A TOTAL RECYCLE {ZERO DISCHARGE)
LEVEL B: IMPOUNDMENT AND EVAPORATION (ZERO DISCHARGE}
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Diversion dltchlng - total of 1 aos meters (4,608 feet)

Dlstrlbutlon system - around one pond - pipe measuring
34 cm (13.4 in.d) x 1,844 m
(6,048 ft)-

Piping -~ mill to pond - flow 2 1 m'(3.3 ft) /sec througn
pipe measuring 34 cm (13 4 xn.)Ax 1000 meters
(3 280 feet) - ‘

pond to mill - £low a 2 m (6. 6 feet) /sec through
pipe measuring 25 cm (9.8 in.) x 1000 meters .
(3,280 feet)

Pumps - m111 to pond - slurry type, capacxty of 5 260 l
(1,389 gal)/minute
pond to mill - water type,‘capaczty of 5,260"1
(1,389 gal)/minute , , \ _

Operating-Cost Assumptions for Level A:

Power - U8 kW (65 hp)

-Capital Investment:

-Facilities

Diversion ditching R $ 2,320
Lagoon ‘ 149,760
Transverse dike _ L 24,900
Facility subtotal : e oo 176,980
Contingency and contractor's fee 23,010
Total facility cost $ 199,990

Land = | - S - 70,000

- Eguipment

' Distribution system S 119,860
Piping C o - -+~ 116,000
Pumps ‘ _ 25,500
Equipment subtotal ‘ 261,360
Contingencity and contractor's fee - - 33,975
Total egquipment cost - ‘ ‘ 295,335
Total Capital Investment o ' $ 565,325

' Annual Cost:
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Amortization

-'Facility _ $ 20,370
Equi pment ' 44,015
.Total amortization $ 64,385

Operation and Maintenance (OEM)

Land 7,000
Facility repair and maintenance 5,310
Equipment repair and maintenance 7,075
Distribution system maintenance 35,960
Taxes 1,750
Insurance : 5,650
Total O&M costs 62,745
Electricity : ‘ 6,500
Total Annual Cost $ 133,630
Level B: Impoundment and Evaporation (Zero Discharge)

The facilities required for level-B treatment are
essentially the same as those required for level-A
treatment. However, a larger pond area is required. An 80-
hectare (200-acre) rectangular pond with three transverse
dikes to provide four separate ponds of 20 hectares (50
acres) each is required for impocundment and evapcoration. ‘
" The equipment required includes a tailing-disposal'system
{the same as that for level A), fpumps, and pipes. The
capital and operating c¢osts and assumptions for attainlng
this level are shown below.

Capital-Cost Components and Assumptions for Level B:

Pond - dike height of 2 meters (7 ft)
top width of 3 meters (10 ft)
capacity of 1,500,000 cukic meters (396,260,000 gal)

Land - 80 hectares (200 acres)
Transverse dikes - 3, each 650 meters (2,132 feet) in length

Diversion ditching - around one length and one width, 1,970
.meters (6,462 feet) in length

Distribution system - piping around one 20-hectare (50-~-acre)
pond; diameter of 34 cm (13.4 in.)
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and length of 1,844 m (6,048 ft)

Piping - mill to pond flow 2 1 m (3.3 ft)/sec through pipe
measuring 34 cm (13.4 in.) x 1000 meters
(3,280 feet)

Pumps - mill to pond slurry type, capacity of 5,260 1
(1,390,000 gal)/min

Operating-Cost Assumptions for Level B: |
Power - 19 kW (25 hp) |

Capital Investment:

Facilities
Diversion ditching 3,250
Lagoon 211,200
Transverse dike 105,300
Facility subtotal 319,750
Contingency and contractor's fee 41,570
Total facility cost 361,320
" Land 140,000
:Eguigment
k Distribution system 126,750
. Piping 65,000
Pumps 16,000
Equipment subtotal L 207,750
Contingency and contractor's fee 27,010
Total eguipment cost 234,760
TotalICapital Investment s $ 736,080
Annual Cost:
Amortization
Facility ' “ $ 36,800
Equipment 34,745
Totalvamortization $§ 71,545
Qperation and Maintenance (0O&M)
Land 14,000
Facility repair and maintenace 9,590
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Equipment repair and maintenance = - 4,050

Distribution system maintenance R 38,025
Taxes . : o 3,500

Insurance ’ : ' 7,275

. Total O&M costs . _ : . 66,440
Electricity S | 2,500

Total Annual Cost . e $ 140,485

Mercury Mills Employing Gravity Separation

~There is only one mill in this subcategory. The “discharge

of 'wastewater is 1,665 cubic meters (436,000 gallons) a day

" during' wet seasons. The mill process water is ' recycled.:.
- Annual ore milled is 27,000 metric tons (30,000 short tons).

One. level of technology is considered. The total costs of.
implementing this level are shown in Table VIII-23.

Waste Water Treatment Control

Level A: Diversion Ditching (Zero Discharge)

Diversion ditching along one‘length and one width of the

present tailing pond is recommended to avoid stress in the

" system due to seasonal ‘runoff. The capital costs and

assumptions for attaining this level are shown below.

. Capital-Cost Components and Assumptions for Level A:

Diversion ditching - 225 meters (738 feet) @ $1.65/meter

($0.50/foot)
Capital Investment:
Facilities
Diversion ditching ‘ . 370
Facility subtotal 370
‘contingency and contractor's fee 50
Total facility cost : $ 420
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TABLE VI11-23. WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL

SUBCATEGORY: Mercury Mills Employing Gravity Separation

PLANTS1ZE: 27,000 METRIC TONS ( 30,000 SHORT TONS) PER YEAR OF_Ore nilled
PLANT AGE: 4 YEARS PLANT LOCATION: California

a. COSTS OQF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY
A -] ¢ ) E
———

TOTAL INVESTED CAPITAL 0.4
ANNUAL CAPITAL RECOVERY  0.045|
ANNUAL OPERATING AND MAINTENANCE :
COSTS (EXCLUDING ENERGY AND POWERI 0.01¢Q
‘ANNUAL ENERGY AND POWER COSTS .

' TOTAL ANNUAL COSTS ~ | "p.035
COSTS(S)/METRIC TON OF PRODUCT* . 0.002

b. AESULTING WASTE-LOAD CHARACTERISTICS
CONCENTRATION (mg/ L) tppm)

PARAMETER RAW AFTER TREATMENT TO LEVEL
; reaTeD) | A B T D e
: TSar—
RS ~[154,000] 4. | .
—Hg - ; 0.68
1 N o 0.125| R

.OHE MILLED. TO OBTAIN COSTS/SHORT TON OF PRODUCT (ORE MILLED), MULTIPLY COSTS SHOWN BY 0807

LEVEL A: DIVERSION DITCHING (ZERO DISCHARGE)
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Total Capital Investment $ 420

Annual Cost:

Amortization ‘ . ' : 3 .45

Operation and Maintenance (O&M)

Facility repair and maintenance - $ 10
Total OEM costs: ' 10

Total Annual Cost | $ 55

WASTEWATER TREATMENT COSTS FOR URANIUM ORE CATEGORY

Uranium Mines

There are between 120 and 175 uranium mines in the U.S. The’
annual amount of ore mined .ranges from 1,800 to 504,000
metric tons (1,980 <to 554,500 short tons). The daily
wastewater flow ranges from 0 to 5,000 cubic meters (0 to

.. 1,321,000 gallons).

A bypothetlcal mine wlth an annual ore productlon of 280 000
metric tons (308,000 short tons) and with a daily water f10u'
rate of 1,900 cubic meters (500,000 gallons) was chosen as:
representative.

Several 1levels: of ' technology have been considered. The
total costs of implementing these levels are shown in Table
VIII -24,

Waste Water Treatment Control

Level A: Flocculation

The necessary settling and polishing ponds are already
installed at the ¢typical uranium mining operation. The
addition of 5 mgs1l ©f flocculant is required for settling of
suspended solids. The capital and operating costs and
assumptions for attaining this level are shown below,

Capital-Cost Components and Assumptions for Level A:

Flocculation -

686



TABLE VI11-24, WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MINE (Sheet 1 of 2)

SUBCATEGORY: ~Uranium Mines’

PLANT SIZE: 280,000 METRIC TONS { 308,000 SHORT TONSI PER YEAR OF_OTe mined
PLANT AGE: N/AYEARS PLANT LOCATION: N/A __

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000] TO ATTAIN LEVEL

COST CATEGORY

' A 8 Coc D E
TOTAL INVESTED CAPITAL 16.8 | 86.8 | 228.1 | 240.5 |282.6
ANNUAL CAPITAL RECOVERY 2.5 12.9 33.9 35.8 42.1
ANNUAL OPERATING AND MAINTENANCE 11.4 15.2 (45.2)""7 (9.9 (2.00™"
COSTS (EXCLUDING ENERGY AND POWER) _
ANNUAL ENERGY AND POWER COSTS 11.3 11.5 11.5 11.5 13.5

TOTAL ANNUAL COSTS - 25.2 39.6 0.2 27.4 53.6

COSTS/METRIC TON OF PRODUCT" 0.09 0.14 nil 0.10 0.19

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/2) (ppm}
PARAMETER RAW AFTER TREATMENT TO LEVEL
Ta{é’:‘fsm A 8 c D e
| Tss ‘ - 530 s0 | 20 - 20 20 20°
1 o0~ [ 7s0 | 200 [100 | 100 | 100 100
As 2 2 2 2 0.5 0.5
cd . 0.05 | 0.05 | 0.05S 9.05 .| 0.05 | 0.05
Mo [ 16 16 16 16 16 16
v 10 10 10 10 10 10
In 0.5 0.5 0.5 | 0.5 0.5 0.5
Ra 226 3,200" | 200" | 307 30° 3! 37!
u _ 25 25 25 2 2 2

.OHE MINED. TO OBTAIN COSTS/SHORT TON dF PRODUCT, MULTIPLY COSTS SHOWN 8Y 0.007
**TREATMENT RESULTS IN NET RETURN ON INVESTMENT. {REFER TO TEXT!

YVALUE IN PICOCURIES/ £

LEVEL A: FLOCCULATION

LEVEL B: LEVEL A PLUS CLARIFICATION

LEVEL C: LEVEL B PLUS iON EXCHANGE

LEVEL D: LEVEL C PLUS BARIUM CHLORIDE COPRECIPITATION
LEVEL E: LEVEL D PLUS LIME PRECIPITATION

tTHYPOTHETICAL
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TABLE Vi11-24, WATER EFFLUENT TREATMENT COSTS AND RESULTING
WASTE-LOAD CHARACTERISTICS FOR TYPICAL MINE (Sheet 2 of 2)

SUBCATEGORY: Uranium Mines
PLANT s1ze: 280,000 METRIC TONS 308,000 sHORT TONSIPER YEAROF OTre mined
PLANT AGE: N/AvEARS PLANT LOCATION: N/A

». COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

_ r . COSTS ($1000) TO ATTAIN LEVEL
COST CATEGORY . v
E’ E G e

TOTAL INVESTED CAPITAL 282.6 294.0 435.3 1298.2.
ANNUAL CAPITAL RECOVERY 42.1 43.8 64,8 44,4
ANNUAL OPERATING AND MAINTENANCE | (2.0)*Y 2.2 8.9. | 49.7
COSTS {EXCLUDING ENERGY AND POWER]
ANNUAL ENERGY AND POWER COSTS 13.5 16.5 16.5 16.5 .

LHw'rm.mmum.cosrs 53.6 62.5 , 90,2 '110.6
COSTS/METRIC TON OF ;(;oucr- 0.19 0,223 0.32 . 0.395

b. RESULTING WASTE-LOAD CHARACTERISTICS

CONCENTRATION (mg/L] (ppm)

PARAMETER ARAW AFTER TREATMENT TO LEVEL

: TR‘E:T.ED) £ F G H
TSS 530 20 20 20 20
oD 750 100 | s0 | so |'so
As T 2 0.5 0.5 | ‘0.5 |- 0.5
cd - 0.05| ©0.05| 0.05 0.05 | 0.05
Mo - - ' 16 16 16 2.0 | 2.0
v , 10 10 10 10 5
Zn 0.5 0.5 0.1 0.1 0.1
Ra 226(dissolved)| 3,200"| 3° 3t o3t st
U, 25 2 2 2 2

*ORE MINED., 10 OBTAIN'COSTSISHOHT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.907
**TREATMENT RESULTS IN NET RETURN ON INVESTMENT (REFER TO TEXT)

tVALUE IN PlCOCUHlES/'l

. LEVEL F: LEVEL E PLUS SULFIDE PRECIP|TATION AND AERATION
"LEVEL G: LEVEL F PLUS ION EXCHANGE
LEVEL H: LEVEL F PLUS FsS0, COPRECIPITATION
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1 mix tank with capacity of 1,900 liters
(500 gallons)

2 mix tanks with capacity of 9,500 liters
(2,500 gallons)

2 positive-displacement pumgs

Operating-Cost Assumptions for Level A:

.~ Flocculant - 6,621 kg (7,300 1lb)/year
Operating personnel - 1 hr/day
Power - 9.7 kW (13 hp)

Capital Investment:

Flocculation system ~ $ 14,900
contingency and contractort's fee 7 1,940
Total Capital Investment $ 16,8480

. Annual Cost:

.Amortization . : $ 2,510

:Operation and Maintenance - (C&M)

Operating personnel , $ 3,150

Equipment repair and maintenance - - - - T45
Materials S ‘ 7,300
Insurance ' ' 170
Total O&M costs - S v 11,365
Electricity ' | ' 11,300
Total Annual Cost _ S $ 25}175

Level B: Level A plus Clarificatjion

Level-B technology includes level-A technology plus clarifi-
cation. A one-hour retention time in the clarification unlt
is assumed. The clarifier required has a capacity of 80
cubic meters (20,850 gallons). The capital and operating
costs and assumptions for attainlnq this level are shown
below. ‘

Capital—Cost components and Assumptjopns fqor Level B:
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Clarifier - capacity of 80 cubic meters (20,850 gallons)

Operating-Cost Assumptions for Level BE:

Power - 1.5 kW (2 hp)

Capital Investment:

Equipment
Clarifier $ 62,000
Contingency and contractor's fee - 8,060
Total Capital Investment $ 70,060

Annual Cost:

Amortization , ‘ $ 10,440

OCperation and Maintenance (Q&M)

Equipment repair and maintenance £ 3,100
Insurance’ , 700
Total O&M costs ’ 3,800
Electricity , ‘ 200
Total Annual Cost $ 14,440

Level C: Level B plus Ion Exchange

The amount of resin needed is dependent upon the character-
istics of the wastewater. For this regort, the -amount of
resin chosen was based on actual operations.

‘A ‘recovery‘ of 13.6 kg (30 1lb) of 0308 is made daily in the
ion-exchange unit.

The capital and operating costs and assumptions for attain-
ing this level are shown below.

Capital-Cost Components and Assumptions for Level C:

Ion exchanger - capacity of 5.6 cubic meters (7.3 cubic
yards) :

Operating-Cost Assumptions for Level C:
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Operating personnel - 3.5 hr/day
Materials - change resins every 3 years

Product recovery - 13.6 kg (30 1lk)/day of U308 2 $17.60/kg

($7.99/1b)
Capital Investment:
Eguigment
Ion exchahger $ 125;000
Contingency and contractor's fee 16,250
Total Capital Investment - '$ 141,250
Annual Cost:
Amortization ‘ | | $ 20,975

‘Operation and Maintenance (Q&M)

Operating personnel $ 11,025

Equipment repair and maintenance L 6,250
Materials 4,670
Insurance 1,410
Total O&EM costs 23,355
Total Annual Cost : 44,330
Less Product Recovery . L 83,775
Net Annual Recovery ’ o $ 39,445

Levelig:: Level C plus Barium Chloride Coprecipitation

Level-D technology, compared with that ¢of level C, requires
the addition of flocculant and barium c¢hloride for the
precipitation of radium. The <c¢osts for thisgs system are
based on actual operations. The costs for barium chloride
coprecipitation are shown below. - Total costs for level D
are shown in Table VIII-Z2u. : : '

. The capital and operating costs and assumptions for
attaining this level are shown below.

Capital-Cost Components and Assumptions for Level D:

Barium chloride coprecipitation system
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Operating-Cost Assumptions for Level L:

Flocculant - 6.4 metric tons (7 short tons)/year

Barium chioride'- 5.4 metric tons (6 short tons)/year
? $805/metric ton ($730/short ton)

Operating personnel - é-hr/day

Capital‘Investment:

Eguigﬁent
Barium chloride cbprecipitation system $ 11,000
. contingency and contractor's fee B \ 1,430
Total Capital Investment ‘  , . $ 12,430

Annual Cost:

Amortization | $ 1,850

Operation and Maintenance (0O&M)

Operating personnel $ 6,300
Equipment repair and maintenance , 550
Materials 18,345
Insurance 125
Total O&M costs : $ 25,320

£ 27,170

Total Annual Cost

level E: Level D plus Lime Precipitation

The required settling ponds 'are currently available for
precipitation. The addition of 0.9 kg of hydrated lime per
3.785 cubic meters (2 1b/1000 gal) of wastewater is consid-
ered 'sufficient. for precipitation of heavy metals. The
total costs for 1mplementing level-E technology are shown in
Table VIII-24.

The incremental capital and operating costs and assumptions
for the 1lime preczpltatlon necessary to attaln ‘this level
are shown below.

Capital- COSt o ponents and Assumptlons for Level E-,

Lime precipitation system
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Operating-Cost Assumptions for Levellg:

Lime - 160 metyic tons (17575hort tons) /year

Operatihg personnel - 3 hr/day
Power - 14.9 kW (20 hp)

Capital Investment:

Equipment

Lime prec1p1tat10n system |
Contingency and contractor s fee

Total Capxtal Investmentl

Annual Cost:

Amortization

‘Operation and Maintenance (O&M)

Operating personnel ,

Equipment repair and maintenance
Materials

Insurance

Total O&M costs o

Electricity
Total. Annual Cost

'EevellF: ﬁeﬁel}E plus Sulfide Pfédfgitation

To achieve level F, the addxtlon of 3 mg/l of 'gsodium sylfide

$

-

$
$
and

37,250
4,845

42,095
6,275 .

9,450
" 1,865
6,125
420
17,860

2,000

26,135

Aeration .

and .aeration to lower COD levels would be ' necessary.

total costs for J.mplementmg level-F technology . are shown in

Table VIII-24.

TheL 1ncrementa1 capital ‘and operating costs and assumptions
for attaining this level via sulfide precip;tation and aera-

tion are shown Lelow.

Capital-Cost COmponents and Assumgtlons for level F:

sulfide precipitation system
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Aeratioh - 30 kg (66 1b) of oxygen/hour

Qgeratinq—Cost‘Assumpt;ggg for Level E:
Sodium sulfide - 1,985 kg (4,375 1b)/year
Power - 22 4 kw (30 hp)

Operatlng personnel - 1 hr/day

Cag_tal Investment-

Equipment
| _Sulfide. precipitation unit . s 100
Reration equipment .. L - < 20,000
‘ Equipment subtotal o . . 10,100
contingency and contractor's fee - . 1,315
Total Capltal Investment _ s 11,415

~ Annual Cost-'

AmortizatiOn‘ : - . $ 1,700

Operation and Maintenance (OEfM)

dpetatiﬁg personnel , -Ls 3,150

Equipment repair and maintenance . ... 505
Materials : ‘ ’ S 440
Insurance - S 115
Total O&M costs ' S, 4,210
Electricity ' | ‘ | L ‘L ,_3,000
Total Annual Cost Y 878,910

Level G: Level E plus Ion Exchange

For further removal and . recovery of molybdenum, another ion=-
exchange unit would be necessary. Approximately the same
amount of Mo is recovered as uranium. Thée incremental costs
for this system are the same as for level C. However, the
value of the recovered Mo differs. The incremental capital
and operating costs and assumptlons for attaining this level
are shown below. A

Capital-Cost Ccmponents_ahd Assumptions for Level G:
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Ion exchanger - capac;ty of S. 6 cubic meters (7.3 cubic
, yards)

Operating-cCost Assumptions for Level G:

Operatingepersonnele- 3.5 hrsday
Material - changé resins every 3 years

Product recovery = 4.0 kg (9 1lb)sday of Mo
: 2 $3.50/kg ($1.59/1Db)

carital Investment:

>Eguigment--
“Ion exchanger . $ 125,000
COntlngenCy and contractor s fee 16,250
- Total Capital Investment - $ 141,250

Annual;Cdst:‘
Amortization $ 20,975

: ngration and Maintenance {O%M)

oPeratlng personnel $ 11,025
Equipment repair and malntenance ' 6,250

1 Materials : 4,670
: Insurance ' - 1,810
- Total O&M costs _ : $ 23,355
Total annual cost 44,330
Less product recovery 4,500
‘Total Annual Cost $§ 39,430

Level H: Lewvel F plus Ferrous Sulfate Coprecipitation

Ferrous'sulfate‘is injected for the coprecipitation
of vanadium and molybdenum.

Cacital-Cost Assumptions for Level H:

FeSO4 injector - Screw-type feeder

Operating-Cost Assumptions for level H:

695



Material:

Feso4 - 1,035 metric tons (1,139 short tons) per year
Operating Personnel - 2 hr/day
Power - 0.75 kW (1hp}

Capital Investment

Equipment
FeSO4 system $ 3,750
Contingency and contractor's fee 490
Total Capital Investment $ 4,240 .

Annual Cost

‘Amortization | | | $ 630

Operation and Maintenance (O&M)

.Operating personnel £ 6,570

Equipment repair and maintenance 190
Materials 40,685
Insurance 40
Total O&M ' 47,485

Electricity
. Total Annual Cost ‘ $48,210

UOranium Mills Using Acid or Alkaline Leaching

There are 20 mills in this subcategory. The annual amount
of ore milled ranges from 143,640 to 2,295,000 metric tons
(158,000 to 2,524,500 short tons). The daily wastewater
flow ranges from 865 to 10,945 cubic meters (228,500 to
2,900,000 gallons). There are two oOperations in this
subcategory that are known to be discharging (one acid and
one alkaline leach). All others are at zero discharge.

The typical mill selected for costing has a capacity for
handling 1,500 metric tons (1,650 short tons}) of ore daily.
The wastewater flow is 1.25 m? per metric ton of ‘ore milled
(330 gallons/short ton). ‘ o

- Four levels of téchnology are considered. - The costs are
shown in Takle VIII-25. :

Wastewater Treatment and Control
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TABLE Vill-25. WATER EFFLUENT TREATMENT COSTS AND RESULTING

WASTE-LOAD CHARACTERISTICS FOR TYPICAL MILL.

SUBCATEGORY: UTanium Mills Using Acid, Alkaline, or Acid/Alkaline Leaching

PLANT SIZE:

PLANT AGE:

PLANT LOCATION:

METRIC ToNs ( 602,250

SHORT TONS) PER YEAR oF OT€ milled
Western U.S. '

a. COSTS OF TREATMENT TO ATTAIN SPECIFIED LEVELS

COSTS ($1000! TO ATTAIN LEVEL -

cosT caTecory!!
- A B c D CE

TOTAL INVESTED CAPITAL 93.4 - 170.0 176.7 503.2 1275.0
ANNUAL CAPITAL RECOVERY 13.9 24.4 25.4° 72.2 111.5
ANNUAL OPERATING AND MAINTENANCE
COSTS (EXCLUDING ENERGY AND POWER) 1_73.-7 184.3 | 231.4 391.9 155 '.7
ANNUAL ENERGY AND POWER COSTS 4.5 16.3 16.4 102.7 4.8

TOTAL ANNUAL COSTS 192.1 225.0 273.2 566.8 272.0
COSTS/METRIC TON OF PRODUCT® [$) 0.35 0.41 ‘0 .50 1.04 0.50

b. RESULTING WASTE-LOAD CHARACTERISTICS

; CONCENTRATION (mg/L)
PARAMETER (Hl?: AFTER TREATMENT TO LEVEL

.. TREATED)| A 8- B D - l E :
1 1SS 500,000 20| 20 20 - 0

CoD 1,000 1,000 500 500 - o

Ammonia 1,400 1,400 | 100 100 50 0

As. . 2.5| 0.5 0.5 < 0.5 - 0

Mo 16 16 16 2 - 0

v 120 |120 120 <5 - o |

Zn 3 0.3 0.3 0.1 - 0

‘Ra 226 (diss)" 5-500 3 3 3 U

Ra 226 (total)! 15-500 | 10 10 10 - 0

* TO OBTAIN COSTS/SHORT TON OF PRODUCT, MULTIPLY COSTS SHOWN BY 0.907

1. COSTS ARE EXPRESSED FOR TYPICAL ACID LEACHING MILL

LEVEL A:
LEVEL B:
LEVEL C:
LEVEL D:
LEVEL E:

T PICOCURIES/LITER
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LIME PRECIPITATION (BaCiz TREATMENT ALREADY IN PLACE)
LEVEL A PLUS SETTLING AND AERATION
LEVEL B PLUS SODIUM SULFIDE TREATMENT AND FeSQ4 COPRECIPITATION
STEAM STRIPPING PLUS LEVEL C ’

ZERO DISCHARGE (UNLINED, TOTAL cosrsx



Level A: Lime Precipitation

Hydrated 1lime is added at the main tailings pond to create
alkaline conditions for heavy metal removal and
neutralization of acidity. Hydrated lime is added to the
tailings pond decant to effect precipitation of heavy metals
by raising the pH from approximately neutral to pH 9. A
barium chloride treatment system for removal of radium 226
is assumed to be already in operation at the discharging
mills. '

Capital-Cost Components and Assumptions for Level A:

Lime precipitation unit-' One hydrated lime system is
employed.
~Lime slurry is pumped . to
"tailings pond decant.

Operating-Cost Assumptions for Level A:

\
Material: Hydrated lime - 4,125 metric tons : &
(4,538 short tons) per ' year. Operating
personnel - 3 hr/day.
Power - 34.3 kW (46 hp)

Capital Investment:

Equipment

Lime precipitation system