TATA STEEL

Disclosure on Iron Ore mine tailings Ponds/dams:

TATA

Overview:

either by downstream or centreline method. (ii) Besides regular monitoring of the stability of the dams, it has now been proposed to engage an expert agency, as one-time measure, for

a) The slime dams are situated at our operational areas mainly at Noamundi Iron Mine (NIM), State Jharkhand and at Joda East Iron Mine(JEIM) State Odisha, India. The development and design of the slime dams’ embankment are done after
settlement, deformation and pore pressure. The dam is also inspected by independent consultant M/s Tata Consulting Engineer(TCE) and corrective actions, if any, are taken based on their recommendations.

tests of

the geo tech parameters,

studies, the subsoil conditions and analysis of its stability. During the active discharge of the slime, the stability parameters are regularly monitored like

b) All tailing dams at our Noamundi & Joda East Iron Mines have been reviewed by experts from our Engineering & Projects department and found to be safe. Additionally, the following decisions have been taken to make the operation safe in the future as well - (i) Going forward, it has been decided to utilize the already mined out area as In-pit slime dam ie. an inactive mine pit where all mining activities have already been completed and
selected to use as a slime dam with sufficient capacity. Accordingly, at Noamundi Iron Mine, Hill-5 In-pit slime dam with capacity 4.96 MCum has already been created and operations have also been started. At Joda East Iron Mine, a new in-pit slime dam has been created with 4.45 MCum capacity and will be operated form July'2019. In case, there is a requirement in future to increase the capacity of the dam, the height raising will be done
& to ascertain the stability of these dams. Moreover, it is further proposed to use GPS/Laser/Drone based system for getting real time data on deformation and other parameters of dam structures.

The table below should be read in conjunction with attached annexures.

in past.

raising done are
available.

are classified
asRIV.

1."Tailings Dam"  |2.Location |3.Ownership |4. Status 5. Date of [6. Is the Dam [7. Raising 8. Current 10. Planned |11.Most recent Independent 12. Do you have full [13.Whatis |14. What guideline |15. Has this facility, at any pointin |16.Doyou have |17. Has a formal analysis of |18. Is there a) a |19. Have you, or do|20. Any other relevant information and
Name/ identifier tial currently  [method Maximum Tailings Expert Review and complete your hazard |do you follow for ory, failed to be confirmed or [internal/in house |the downstream impact on |closure planin |you plan to assess |supporting document
operation |operated or Height Storage Storage relevant isation |the classificati certified as stable, or ineeri it place for this |your tailings
closed as per (approx.) records including | of this fac system? notable stability concerns, as and critical infrastructure in |dam, and b) |facilities against | Please state if you have or
currently tVolume  [ntVolumein design, construction, | based on identified by an independent oversight of this |the event of catastrophic [does itinclude |the impact of more |other exposure to tailings fa
approved 5 years i engineer (even if later certified as |facility? Or do you |failure been undertaken  |long term regular extreme  |through any joint ventures you may
design? maintenance and/or |of failure? stable by the same or a different  |have external and to reflect final monitoring? | weather eventsas |have.
closure. firm). ineer If so, when did aresult of climate
support for this  |this assessment take place? change, e.g. over
purpose? the next two.
years?
Please identify every | Please provide Please specify: | Please specify: Active, (date) |Yes/No.If |Note: Upstream, |Note:Please |Note:in Note: in (date) For this question we take | (Yes or No) We take (Yes or No) We note that this will Note: Answers may| Note: Please answer 'yes' or | Please answer | (Yes or No) Note: this may include links to annual
tailings storage Long/Lat Ownedand |Inactive/Care and 'No', more | Centerline, disclosein | Million CuM | Million CuM | ‘Independent’ to mean a suitably |the word “relevant” depend on factors including local be "Both". 'no, and if 'yes', provide a  [both parts of report disclosures, further information in
facility and identify if|coordinates  [Operated, Maintenance, Closed etc. information | Modified metres qualified individual or team, here to mean that legislation that are not necessarily date. this question the public domain, guidelines or reports
there are multiple Subsidiary, JV, |We take closed to mean: a can be Centreline, external to the Operation, that  [you have all tied to best practice. As such, and (e.g. Yesand etc.
dams (saddle or NOW, asof |closure plan was developed providedin | Downstream, does not direct the design or necessary documents because remedial action may have Yes)
secondary dams) March 2019 |and approved by the the answer to| Landform, Other. construction work for that facility.  [to make an informed been taken, a “Yes” answer may not
§ | within that facility. relevant local government Q20 and substantiated indicate heightened risk.
£ |Please provide agency, and key decision on the safety Stability concerns might include toe
£ |details of these stakeholders were involved of the dam, be it an seepage, dam movement,
8 |within question 20. in its development; a closed old facility, or an overtopping, spillway failure, piping
£ facility means the noted acquisition, or legacy etc. If yes, have appropriately
5 approved closure plan was site. More designed and reviewed mitigation
2 fully implemented or the information can be actions been implemented?
E closure plan is in the provided in your We also note that this question does
2 process of being answer to Q20 not bear upon the appropriateness of
s implemented. A facility that the criteria, but rather the
i is inactive or under C&M is stewardship levels of the facility or
- not considered closed until the dam. Additional
such time a closure plan has| comments/information may be
been implemented. supplied in your answer to Q20.
|Noamundi
1. Chirubera N 22°7'25" Closed 1967 Yes Upstream 1.5m 379 379 |CWS &Hill-S, design was done by Yes Rill Process Manual for |No Both The slimes are now being | Ves, Closure of | Yes The design relies on the following
E£85028'48" M/s Tata Consulting Engineer EHS Risk we have specialists |disposed in in- pit slime Tailing Dams s | In case of prolonged|international standards for design of tailing|
PRIy o—— N22%800" Tmacive 002 er Tpstream Ty YT 232 | (TCE), which are et e (Tata in engineering | dams. The likelihood of partof mine |rains; we have dams:
£ 85929'06" reviewed by WAPCOS (Water & Steel Internal division to look into| community impact for inpit  [closure plans |sufficient Tailings Dam Design — Technical Bulletin
Power Consulting Services India Document to the facility. We [slime dams is negligible and |and is approved |dewatering facility [No 30; December 1995 Issued by
3.cws N22°8'53" Inactive 1978 Yes Upstream 34m* 3.63 3.63 Ltd), Govt. of India Undertaking. Yes** RNl establish a process also engage other dams are notinuse | by Indian topump outthe | Controller-General, Indian Bureau of
E85°29'00" Date:07/07/2017 for CWS Dam to identify Health, external now. Beaureu of accumulated water. | Mines, Nagpur; Ministry of Mines,
2 HilS (in pi) N229758" Active May 18 Yes Not applicable Som 03 202 |and 08/05/2017 for Hill-5 in-pit Yo v Safety & independent The stability of all the slime | Mines Government of India
E 8502042 Slime dam Environment related consultants for  |dam has been checked by Design and Evaluation of Tailings Dam,
All dams are Risk and to Reduce inspection the engineering team of TSL August 1994 (EPA 530-R-94-038) - U.S.
owned and the same to as low in the period Jan19 - Jun 19 . Environmental Protection Agency
Joda operated by as Guidelines published by International
1. Magazine N22°1'25" Tatasteel  [inactive 1995 Yes Upstream 35m* 176 176  |in-pit slime dam, design was done Yes Rill practicable level)- Commission on Large Dams (ICOLD) and
E85°26'16" by M/s Tata Consulting Engineer Doc Name: Australian National Committee on Large
2. Jharan N 22°1'30" Inactive 2000 Yes Upstream 42m 376 376 | (TCE) whichare Yes** RIll EHS/Works/612 Dams (ANCOLD)
E 85926'44" reviewed by WAPCOS (Water & Effective date:1st Federal Guidelines for Dam safety (April
Power Consulting Services India May'2019 2004) - Federal Emergency Management
3. Manorama N 22°2'10" Inactive 2010 Yes Centerline 40m 111 111 |Ltd), Gowt. of India Undertaking. Yes Rill (Annexure I Agency (FEMA), USA
E85°26'34" Date: 20/03/2018.
4.Newin-pitdam  |N22°0'10" Active Jun'19 Yes Not applicable 28m 0.19 4.45 Yes RIV
E£85°26'18"
*These dams **Original drawing | All filled up &
have are not available, |inactive dams
undergone however, drawings of | classified as
height raising height  [RIll; inpit dams



Annexure I: EHS Risk Management
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1.1 Purpose:

Q) To establish, implement and maintain procedure to identify the ongoing
Environment aspect, Health & Safety (both Occupational Safety & Process Safety)
hazards, the assessment of associated risks and the implementation of necessary
control measures for all routine and non-routine activities, activities of all personnel
having access to the workplace (including subcontractors and visitors) and also for
the facilities at the workplace, whether provided by the organization or others.

(i)  To keep this information up to-date.

(ili)  To ensure that the risks and determined controls are considered while setting EHS
objectives, determining the operational control and other elements of EHS
Management System.

(iv)  The purpose of procedure is to establish a process to identify Health, Safety&

Environment related Risks and to reduce the same to As Low As Reasonably
Practicable (ALARP) level.

1.2 System Guidelines:

1.2.1 TSL EHS Risk Management Process and framework
This document intent to serve as a basis for guidelines, competence requirements & code
of practices (standard / procedures) to support those who are accountable and responsible
for implementation of EHS Risk Management Framework. In the context of TSL (I&SEA),
EHS risk management framework follows a five-steps process comprising of policies,
processes, tools, reports and the governance structure to help the organization in managing
all the EHS related risks. The framework in terms of Inputs, Process & Outputs is displayed
in Fig No -1

Establish Context
( all activities, process hazard)

Hazard & Consequence Identification

° ( by competent team) )
e Risk Assessment & Evaluation

(Likelihood & Consequence, Heat Map)

HIRA

Lead & Lag safety data
Statutory

Activities/ processes

Risk

Register

Comprehensive risk Risk Heat Map

category

Risk- 1l Risk - Il Risk - IV

Risk Analysis( Bow Tie, LOPA, JCC, JHA, )

Mitigation & Contingency Plan Barrier Health indicators

(5]

O]
Risk Report
& Review

Status Monitoring

Review Dashboard

Audit & report

) Risk Review

Qview feedback

Fig — 1: Five Step of EHS Process
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1.2.2 Establish context

1.2.3

Setting up a right context is of utmost importance for a well guided risk identification

process. Following should be considered by team for identification of hazards in

respective area

e All regular & Non-Regular jobs

e Activities of all personnel having access to the workplace (including
subcontractors and visitors)

e Services/ Infrastructure/ Equipment/ Materials/ Substances/ Physical Conditions /
Human Factors /Social Factors related to above jobs

e Design of work place, processes, machinery/equipment, operating procedures

e Occupational and Process related hazards

Hazard & Consequence Identification

Hazard identification is carried out with a team of people knowledgeable in the process
or activity under consideration, the hazards associated with the activity or process, the
Potential Consequences and likelihoods with respect to People, Asset, Community,
Environment (P,A,C,E). Hazards, consequences and likelihoods are identified based on
the experience of the assembled team and using existing procedures (HIRA & PHA).

Personnel who are involved in identifying the hazard & assessing risks using the risk

matrix must be trained & certified by the competent agency (Central Safety Team/

consultant / certified trainer by central safety department) on Risk Matrix modules.

An example of the membership of a Hazard & risk Identification team: A Facilitator,

knowledgeable in the hazard identification & risk assessment process and experts in the

following areas:

e Harm to People / community— Operations representative familiar with activity or
process in consideration & Health & Safety professional.

e Damage to Assets — Engineering, Maintenance representative

e Harm to Environment — Representative from Environment management

Members with direct experience at the site or specific business experience should be
included in the discussion for insight on relevant hazards and effects.

Hazard & consequence (Impact) identification methodology

Hazards identification is the act of recognizing the failure conditions or threats (Safety
Events) which could lead to undesirable events and defining the characteristics of theses
undesirable events in terms of their likelihood and potential consequences. Some of
the hazard & risk identification methodologies are listed below which can be used as
per its applicability, type of process, and availability of the resources

e HIRA format

e HAZOP
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e Event tree Analysis

e What If / Checklist

e FMEA

Incident Investigation & Audit / Inspection can be referred in order to identify some
potential hazards associated with a process.

Standard format shall be used for hazard identification & risk assessment. An example
of EHS hazard related to occupational safety is shown below for refence in Fig:2. (Form
Form # EHSMSM/WORKS/612/4001)

0b (Raine or Non Activity (Rogtlne or| Hazard
. . Non Routine) / (Source,
Routine) / Services/ ) Hazardous
Services/ hazardous
Ifrasrcture Infrastructure/ situation or Event Cause People/Ass
Equipment/ Materials/ | _ . . . (Uncertainity) . Consequnce |et/Environ |Existing Safeguard to reduce the hazard /
.| Equipment/ Materials/ | circumstances (Likely Cause(s) of
Substances/ Physical - . (Work related (Impact) | ment/Com |consequnce
i Substances/ Physical |with a potential to Hazardous Event ) .
Conditions / Human ” . hazardous event munity
. Conditions / Human | cause injury &
Factors/  Social . . or exposure)
Factors/  Social illneatth)
Factors
Factors
1. Positive Isolation of cast house Mic ( Drill
L ) . Mic, Mud Gun, Cover Manupulator)
SOJ:'S:ESH‘I':TSE?OV'”Q lsne_[:ou; ;;T ZZ?ep'e " [2. SOP for Mic Operation IBFICHISOP/01
qup oy fetalty | Safety 3. Down of moving M/c (Multiple selection
is required to operate)
Fallin n
oo 1. SOP (PPEMVPS) for Mic Operaton-
Runner Preparation|  Hot Surface catsin bur?1 Strunbling while workin IBF/CH/SOP/01
°ng I 9 |Serious Bum [People~ |2, Checkist based (IBFIOPNICHINSP/02)
iy near te open trough aea for Injury / fatality |Safe safety precaustions like houskeepin
Coke Breeze application oy | Ttalty | Safety ) .ty.p o PG,
indicative barrication etc
Taking trough into E
service
falling of m/c Operator due  |Serious Bum |People - L Useof.FR PPE
{0 Wiond operation nury /LTI |Seely 2. Authorised & Competent operator (
9P Y Licenced operator)
Collision with moving 1. Trough Cover before skimmer area
equipment itself ( Drill M/c) Fatalty People - |2. SOP for Mic Operation
during slag dam sand Safety 3. Down of moving M/c (Multiple selection
removal is required to operate)
Liquid hot Metal | Falli
During Tapping quid ot Meta _alngaperson Collision with moving 1. Cover Manipulator on trough
& Slag into hot trough . . )
equipment itself during Peonle 2. Control Stop procedure
removal of extraclay from  |Fatality Safep 3. SOP for Mic Operation
mudgun Nozzel / Temprature Y 4. Down of moving M/c (Multiple selection
sampling/Inspection is required to operate)

Fig — 2: Example of Occupational Hazard Identification
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For Process hazard, HAZOP/ What if/ FMEA or other such techniques shall be used.
An example of HAZOP study (Form # PSRM / PHA / PHR / 002) is shown below in
Fig: 3 for refence

Impact*
: . S-Safety
Parameter | Guideword |  Deviation Causes Consequences A foset Safeguards
E- Environment
Over Pressurization of
) 1. TI-2635, alarm and operator
. Naphthalene still & condenser .
High pressut 1.Malfunctioni{may cause leakage of naphthalene etion
insidethe | y Oy 2. PRV- NOV-50-1814 (condernsar)

Pressure  [High ng of Pressure vapor to atmosphere leading to S

3. Pressure relief valve PRV-NOV-
control valve.

100-1776 (1.5 kg /cm2, Naphthalene
still)

Naphthalene

dl vapour cloud explosion which

will cause single Fatality to
people nearby.

Fig — 3: Example of Process Hazard identification (HAZOP Study)

Hazard identification should be a continuous process and the document should
incorporate learning from incidences taking place inside the works & within the
industries having similar processes.

However, as a formal process hazard & risk identification document should be reviewed
every three years. Additional risks may be added as deemed necessary. In case risks are
dropped, it’s important to record them with valid reasons.

Risk Assessment & Evaluation

All the risks, associated with the identified hazards, should be assessed for “Maximum
Credible” scenarios using the Risk Assessment Matrix.

This would enable classification of risks and developing management strategy
appropriate for the different category of risks.

1.2.4

Description of the Risk Assessment Matrix (RAM)

The RAM is a 5 by 5 matrix that is used for qualitative assessments of risk. (Refer to

Figure 4.) It is based on the concept of applying experience of events or incidents in the

past or existing number and types of available safeguards to provide insight in how

these risks can be managed into the future.

e The Horizontal axis represents increasing Consequences (Severity levels C1 to C5)
in terms of harm to people (both Health & Safety), damage to assets, effect on the
environment and communities (P, A, C, E categories).

e The vertical axis represents decreasing Likelihood (levels F1 to F5) of the Failure
frequency of the safeguard.


https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=491
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=491
https://eu001-sp.shell.com/sites/AAAAA8432/CF/Lists/L02/Item/displayifs.aspx?ID=382
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Boxes in the matrix represent levels of Risk, increasing from bottom left to top right

corner of the

matrix.

The matrix is divided into Green (Acceptable risk as it is), Blue (Acceptable risk
ALARP), Yellow (High risk) and Red (Intolerable risk) areas to illustrate the
increasing level of Risk & these zones are categorised as levels 1V, III, 1l & |

respectively.

F1
(Almost
Certain)
F2 I
8 | (Likely)
o
S| 3 i
< | (Possible)
4 F4
(Un
Likely)
F5
( Rare) IV
C1 C2 C3 C4 C5
Consequence
- . Single Multiple
No injury M.On" Major injury | Fatal / Fatality /
/Local Injury / : . :
People Offsite Health or Reversible | Irreversible | Irreversible
health effect | health health effect
Treatment | Effect
effect to many
Asset Slight Minor Moderate Major Massive
damage damage damage damage damage
Communit Slight Limited Considerable | National International
y impact impact impact impact impact
Environment gll? EIfeCt/ Minor Moderate Major Massive
Effgect Effect Effect Effect Effect

The Consequence & Likelihood scale in details are defined in Appendix 1.

Use of Risk Matrix
The starting point for a risk assessment is identifying the hazards with an understanding
of the context (Hazard, Hazardous Event, Cause, Consequence & Existing Safeguard
to reduce the hazard / consequence etc.), or a description of the particular incident being

Fig — 4: EHS Risk Matrix
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considered with an understanding of the actual and potential consequences. The risk
assessment consists of the following steps.

1.

Identify potential consequences: Identify the “Maximum credible” consequences
that could develop from the hazard under the prevailing conditions. Ask the
question “What could happen if the controls don’t work or are not in place? “, can
there be fatality / Multiple Fatality.

Estimate the Severity of each potential Consequence: For each of the identified
consequences, assess the Severity (1- 5) in the four consequence categories -
People, Asset, Community and Environment (P, A, C, E). The severities for the P,
A, C, E categories are defined in the consequence descriptions in Appendix 1.

Estimate the Likelihood: For each of the potential consequences, make an estimate
of the Likelihood of the Consequence in terms of the Likelihood levels F1 to F5.
The Likelihood level is judged from past experience, by asking the question “ How
often in the past has a hazard release resulted in a consequence similar to the one
that we are considering” ? A consequence will result with the failure of the
safeguard.

The estimate of Likelihood is based on the Likelihood that the Consequence under
consideration occurred, not on the Likelihood of the Hazard being released. For
incidents, this means that when assessing maximum Credible Consequence, the
Likelihood of the Consequence is what is considered.

The reliability of the Likelihood estimate, and therefore of the RAM assessment,
depends to a large extent on the availability of data on previous incidents and on
the knowledge and experience of the assessors. It is therefore important to maintain
databases of previous incidents and make them available to people making RAM
assessments and to have competent people in attendance that are able to cover the
range of potential Consequences for the specific categories.

The hazard release scenario or the incident under consideration will often not be
identical to the previous incidents that are being used to determine Likelihood. Also,
detailed information on previous incidents outside the Organisation, or even outside
the Location, may not be readily available. Therefore, a combination of available
information and judgment from experience has to be applied to make the best
estimate of the Likelihood level F1 to F5.

In the absence of any documented historical data, the likelihood of the event is to
be evaluated based on the failure frequency of the safe guards. Likelihood should
be calculated based on the number of available safe guards & type of the safeguards
(Active, passive, administrative). For all Risk Il category cases as well as for all the
C4, C5 cases, the likelihood should be considered based on the failure frequency of
safeguard.

Estimate the RAM risk rating: For each potential Consequence, determine the
RAM risk rating for each of the applicable P, A, C, E categories in terms of the
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product of the consequence severity and the likelihood. For the consequence
category, the severest impact on either of P, A, C or E should be considered for the
risk rating
5. Classification of Risk: The risks so identified and prioritized must be classified

into four categories (Risk -1, Risk-11, Risk-11l, & Risk- V) for the purpose of its
management as shown in Fig :5

e Likelihood
Estimation
« Consequenc * Risk
e scale of 1- * Likelihood mapped on
5 as per scored on a risk heat
Risk matrix scale 1-5 as per map based
Consequence risk matrix :
Identification - Risk Heat Map

Fig — 5: Risk Prioritization Process

Examples of risk categorization is shown in Fig : 6 & Fig :7 for Occupational hazards
& Process hazards respectively
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b Rottive or Non Activity (Rogtlne or| Hazard
. ) Non Routing) / (Source,
Routine) / Services/ ) Hazardous
Services/ hazardous
SO Infrastructure/ situation or EVenl Cause Peopllss
Equipment/ Materials/ | _ . . ) (Uncertainity) ) Consequnce |et/Environ |Existing Safeguard to reduce the hazard /|Probability of ~ [Consequen | .
. | Equipment/ Materials/ | circumstances (Likely Cause(s) of Risk
Substances/ Physical . | (Work related (Impact) | ment/Com |consequnce Occurance  {ces
. Substances/ Physical |with a potential to Hazardous Event ) .
Conditions / Human " " hazardous event munity
Eactors) Socl Conditions / Human | cause injury & e—
Facors Socil | ileat) 0
Factors
Factors
1. Posttive Isolation of cast house M/c ( Drill
S . Mfc, Mud Gun, Cover Manupulator)
CO':B['E”HYE ?0"'"9 lsne.”‘)“ff:‘ar;‘ Ze?p'e' 2.5OP fo Mic Operaon-IBFICHISOPICL (FF51+F1+F3-F5) (CC44)
et 52 ety Safly 3. Down of moving Mic (Muttiple selection ;
is required to operate)
Fall
inatomr?oétl tprzrjohn 1. SOP ( PPEIWPS) for Mic Operation-
Runner Preparation|  Hot Surface s bur?] Sturbing i vorin IBFICHISOP/0L
o1 g 9 Iserous Bum [People- |2 Checkst besel (IBFIOPNICHINSPIG2) |F5
injury  |near the open trough area for iyl S fety recaustonsfe houskesoin FL4F1=F) C4
Coke Breeze application r ety Sty .sagtypecauslols PhoLsieEpnG (FLFIRD)
indicative barrication etc
Taking trough into 3
service
falling of mic Operator due  |Serious Bumn |People - . USEOf_FR PP F
o wrong operetion iy IT] [safey |7 dorsed & Competentogeraor (- o) S
0P Wy Licenced operator) ]
Collision with moving 1. Trough Cover before skimmer area
equipment tsef ( Drill Mic) Fatlly People- 2. SOP for Mic Operation F5 C4
during slag dam sand Safety |3, Down of moving Mic (Multiple selection |(F1+F1+F3=F5)|(C4)
removal is required to operate)
During Tapping Liu ot Metl Ifallmgaperson Collision with moving 1. Cover Manipulator on trough
& Slag info hot trough | " )
equipment tseff during Peosl- 2. Control Stop procedure F3 o
removal of extraclay from  |Fatality Safep 3. SOP for Mic Operation (F3+F1+F14F3 o
mudgun Nozzel / Temprature y 4. Down of moving Mic (Muttiple selection |=F5)
sampling/Inspection is required to operate)

Fig — 6: example of risk evaluation for Occupational Hazards
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Inpect* Proteced ik |
. » $Safety FREQ
Parameter | Guideword |  Deviation Causes Conseguences A Safeguards SEVE uen| sk
. RITY
E- Environment Y
Over Pressurization of
. 1. TI- 2635, alarm and operator
. Naphtfialene still & condenser .
i pesue 1 Malfunctioni{may cause leakage of naphthalene o
Pressre |High Mo néofPressure vepor o amoshere leadingto | S L PRV-NOVSDIEL (mndemsa) 1
Naphthalene v, gt coud el i 3. Pressure relief valve PRV-NOV-
sill N ) 100-1776 (L5 ky/em2, Naphthalene
will cause single Fatality to il
peaple nearby.
Fig — 7: Example of risk evaluation for Process Hazards
1.2.5 Risk Mitigation

Risk mitigation refers to actions/recommendations intended to reduce the probability
of occurrence or / and reduce the severity of consequence of the risk scenario.
Appropriate safety measures must be introduced for scenarios where the consequence
can lead to fatality. After risk has been evaluated, additional safeguards is required to
reduce a high category risk (Risk -1 & Risk -11) to a tolerable risk level (Risk 111 & 1V).

The team should consider the following hierarchy of risk control while generating
recommendations for a high-level risk:

a) Eliminate the hazardous material / Hazard (Substitute) ;

b) Reduction in inventory of material (Intensification)

c) Reduction in energy level i e lesser pressure / temp (Attenuation)
d) Reduction in operation error (Simplify)

e) Passive control system

f) Engineering controls;

g) Use administrative controls, including operator actions, training, personal protective
equipment

Methodologies / tools appropriate to evaluate the different category of risks is
mentioned in the section below

Managing category | Risk (Unmitigated Risk)

Conduct Bow Tie & LOPA analysis (wherever applicable)
Conduct Consequence Analysis (wherever applicable)
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— Conduct Job Cycle (wherever applicable)
— Identify Critical Equipment / Task & manage the same
— Conduct Barrier Audit

Managing category Il Risk (Unmitigated Risk)

Conduct Bow Tie & LOPA analysis for fatality cases (wherever applicable)
— Conduct Job Cycle Check (wherever applicable)

Identify Critical Equipment / Task & manage the same

Conduct Barrier Audit

Above mentioned procedure should be used for People, Asset and Community related
risks.

For Environment related risks, mitigation framework mentioned in Process manual for
ERM (ERM/TSG/PM/01) should be used.

Unmitigated Risk Category | & Il must be detailed as per risk register template (Refer
EHSMS /WORKS/612/4002). Improvement projects taken to implement the given
recommendations should also be linked with risk register.

Once a recommendation is generated, the team should also propose interim measures to

control the risk till the recommendation is implementation.

Managing category 111 & IV Risks

Category Il & 1V risks should be managed with existing safeguard for continuous
improvement through effective implementation of EHS system & processes.
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An example of risk evaluation using Layer of protection analysis (LOPA) and Bow
Tie for process Hazard is shown in Fig: 8 & Fig: 9 respectively

Layer of Protection Analysis
(Tata Steel Limited)
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Fig-9: Example of Bow Tie Analysis

1.2.6 TSL Risk Ownership, monitor, review and report

In order to achieve the stated EHS objectives, the company has established three levels

of risk management responsibilities as: Risk Oversight, Risk Infrastructure &
Management and Risk Ownership. While the Risk Infrastructure, managed by Central
Process Safety team, helps designing, implementing & monitoring common EHS risk
Management frameworks across the organization, the Risk Owners, led by business
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units & functions, help identify, measure, monitor & report risks as per the defined
framework. The modus operandi of the EHS risk management functioning is a de-
centralized model, where in the Departmental Chief / HOD, aggregate the top
departmental risk to be reported to the respective divisional implementation committee
(DIC) for review & also for resource requirement, if any.

TSL EHS risk Management Oversight, Infrastructure & Ownership functions

Risk Oversight function

Tata Steel has constituted Governance model for risk ownership as well as for risk
oversight functions with clear demarcation of roles, responsibilities & authorities as
described in subsequent sections

Tata Steel SHE
Committee

Role of Central
Safety Team:

Risk -
Oversight

Support functions in
capability &
competency
development &
Framework/
procedures/forms
development”

Apex Safety Council

‘ Division Level (DIC) ‘

Risk ‘y
Ownership

AICs Level

Fig-10: Risk Governance structure

Risk Ownership

The final ownership of risk tracking & mitigation rests with AICs. The AIC chairman
accepts & firms the risk register of his/her area through a “sign-off” process and own
the complete risk register of their unit. This EHS risk register (form No Form #
EHSMSM/WORKS/612/4002) will be in addition to the ERM risk register being
maintained by the department. Further granularity is provided on ownership by
assigning a risk owner for each risk. The risk owner for a risk is usually a senior person,
the head of the department or so, who can drive & monitor the progress of the
recommendations & mitigation Plan. The risk owner in turn may further delegate the
risk control and action plans down the hierarchy to ensure ground level implementation
of the mitigation action plans. The risk owner also regularly tracks & monitors the
movement of risks.
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Responsibility of AIC level Risk Owner

The department is assisted by the central Safety team in capability & competency
development or for any other clarification related to EHS risk management
framework. Following responsibility is listed for AIC level Risk Owner (AIC
Chairman)

To identify EHS hazards and risks and carry out risk assessment for all activities
including contractors working in his / her area of responsibility.

To provide awareness for the implementation of EHS risk management in his / her
department

To identify the resource requirement, manage risks effectively for the department
and arrange for the same with the approval from appropriate authority.

To review the performance of EHS & risk register and report the performance to
Divisional Implementation Committee (DIC).

To update and maintain risk register current.

Take Ownership & Accountability of all unmitigated Risk -1 & Risk-11 risks and
escalate Risk -1 & Risk-11 which are yet to be mitigated to DIC level.

Responsibility of DIC

To allocate the resource requirement for the departments to achieve the targeted
performance and arrange for the same with the approval from appropriate authority
To review the performance of EHS risk register of the division & report the
performance to Apex Safety Council

For continued operation at a risk level R-1 & R-11& severity level of fatality as per
the Risk Matrix, the DIC shall be notified and the action plan for implementation
of risk reduction measures shall be subject to DIC Level endorsements

Responsibility of Apex Safety Council

Address cross divisional / cross functional issue for Risk-I or scenarios which can
result in to multiple fatality

Review key risks of the organization time to time and provide recommendations as
it deems necessary

Appraise Tata Steel SHE committee about existence of non-tolerable risk (Risk-1)
as the need arises

Responsibility of Tata Steel SHE Committee

Provide strategic direction to reduce the risk

Safeguard for mitigated risk category | & Il must be auditable with a set of lead
indicators related to its healthiness.
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A sample list of safeguard health lead indicators is shown below:

. Review
o Safeguard Item to be checked Lead Indicator Target frequency Resp.
SAP Tagging No of Equipment Tagged
o Inspection /Maintenance Plan | Availability of SMP/SOP
Engineering : ;
Compliance of Inspection & i
Safeguard . Compliance of Plan
Maintenance Plan
Competency of Employees Competent employee
Red Sop Tagged
Procedural JCC JCC conducted
Safeguard Training on SOP to all concern | Competent employee
Audit of Job No of Audits

Table no -1: Sample list of Barrier health

Risk review & reporting:

Risks scenarios should be continuously tracked & monitored by risk owners to evaluate
the risk impact and /or likelihood based on the status of its Safeguard health indicators
as per the structure described in table no 2

Review Reviewing | Review Agenda Frequency
Forum Authority
AIC Chief e Complete risk register Monthly

Review of Safeguard health
indicators status

e Movement of Heat Map
DIC VP e Review of Risk | & Il of AICs Quarterly
e Heat Map
Apex Safety | CEO & e Review of Risk- I Half Yearly
Council MD
TSL SHE Board Provide strategic direction to reduce the | Yearly

Committee Directors risk
Table no - 2: Risk Review Forums

The risk grid must be regularly evaluated based on the status of the Safeguard health
and implementation of the mitigation plan. In general, the risk grid must capture the
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movement of risk depending on the strengthening of safeguards or deterioration in the

health of the same.
An example of it is shown in Fig

Impact->

Scenario No 3 & 5is in
Risk — I1I category and
Scenario No 2 & 6 is in
Risk - IV category

Likelihood |,

Almostcertain  -F1
>1t010-1

Likely -F2
10-1t0 10-2

Possible - F3
10-2t0 10-3

Unlikely -F4
10-3to 10-4

Rare -F5
<10-5

-11

Slight ~ Minor Moderate
Cl (] C3

I
@

l

>

Major Massive

Scenario No 1 & 4 is in under
Risk — | category whereas
Scenario No 7,8&9 is in Risk -1
category

C4 C5

Movement of Scenario No 3
from Risk category | to risk
category Il

Fig -11: Example of Heat Map Diagram with movement of Risk
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Appendix 1.
Description of the Risk Assessment Matrix (RAM)
F1
(Almost
Certain)
F2 11
B8 (Likely)
o
= 3 i
E (Possible)
4 F4
(Un
Likely)
F5
( Rare) M
Cl C2 C3 C4 C5
Consequence
Major injury /Slngle Fatal Multiple
No injury Monir Injury | or Irreversible Fatality /
People /Local Offsite | / Health Reversible health Irreversible
Treatment Effect health effect offect health effect to
many
Asset Slight Minor Moderate Major Massive
damage damage damage damage damage
Communit Sliaht impact Limited Considerable | National International
y g P impact impact impact impact
. No Effect/ . Moderate Major .
Environment Slight Effect Minor Effect Effect Effect Massive Effect

People refers to employee and contractor health and safety impacts and community
safety (e.g. road traffic collisions involving 3rd parties, or third-party fatalities or
injuries as a result of operational incidents).
Assets refers to damage to assets with consideration of Consequential Business
Losses (i.e. include loss of business, loss of product or resulting revenue, and inability
to do other work which has associated costs or loss of revenue).

Community refers to people, resources and assets impacted outside of the facility.

Environment refers to air, water and land impacts both internal and external to the
facility in question.
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1. Consequence Scale
The Consequence Severity (C1-C5) scales for each P, A, C, E category are not to be
inferred as equal. In particular, they are not to be used to infer the value of a life. The
Consequence Severity (C1-C5) scales in the P, A, C, E categories - people, assets,
community and environment - are defined as follows:
People

Level

Definition

C1

No injury or health effect
No Treatment Case or Local Offsite Treatment
Essentially no ill health effects.

C2

Minor injury or health effect
First Aid Case (Any occupational injury involving one-time treatment /
medicinal help from a medical professionals)

IlInesses that result in minor discomfort & irritation or transient effects that are
reversible after exposure stops.

C3

Major injury or Reversible health effect
Singe LTI (occupational injuries which prevent a worker from joining the next
scheduled shift) or Multiple First Aid

IlInesses with reversible health effects such as food poisoning, dermatitis,
Musculoskeletal disorders, Repetitive strain injury etc.

C4

Single Fatal / Irreversible health effect
Single fatality or Multiple LTI

IlInesses with irreversible health effects such as corrosive burns, asbestosis and
silicosis.

C5

Multiple Fatality / Irreversible health effect
More than one Fatality
Ilinesses with irreversible health effects affecting multiple people.

Assets

Level

Definition
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C1l Slight damage
Costs less than Rs 10 Lacs
C2 Minor damage
Costs > 10 Lacs to 50 Lacs
C3 Moderate damage
Costs Rs > 50 Lacsto to 10 Crs
C4 Major damage
Costs Rs > 10 Crs to 30 Crs
C5 Massive damage
Costs Rs > 30Crs

When assessing RAM asset consequence, include only direct damage to assets; with
include Consequential Business Loss

Communit
Level Definition
C1l Slight Effect, indicated by:
e Public awareness may exist, but there is no public concern.
C2 Limited Impact, indicated by:

e Limited short-term nuisance

e Some local public concern. Some local media and/or local political
attention with potentially adverse aspects for company operations

C3 Considerable Impact, indicated by:
¢ Regional public concern. Extensive adverse attention in local media.
Slight national media and / or local / regional political attention. Adverse
stance of local government and / or action groups.
C4 National Impact, indicated by:

e National public concern. Extensive adverse attention in the national
media. Effect on Regional / national policies with potentially restrictive
measures and/or impact on grant of licenses. Mobilization of action
groups.

C5 International Impact, indicated by:

e International public attention. Extensive adverse attention in international
media. Effect on National / international policies with potentially severe
impact on access to new areas, grants of licenses and / or tax legislation.
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e High level of concern and action(s) by governments and/or by

international NGOs.

Environment

Level

Definition

C1

Slight Effect

Minor environmental effects due to toxic / nontoxic factors which may be
contained by Department: recovery takes less than one week

C2

Minor Effect

Minor environmental effects due to toxic / nontoxic factors which may be
contained by Department: recovery takes from one week to less than 1
month

C3

Moderate Effect

Minor environmental effects due to toxic / nontoxic factors which may be
contained by Department: recovery takes between 1-2 months

C4

Major Effect

Moderate environmental effects due to toxic / nontoxic factors which may be
contained by Department: recovery takes >2 up to 4 months

C5

Massive Effect

Serious environmental effects due to toxic / nontoxic factors which may be
contained by Department: recovery takes >4 Month up to 6 months

*. An Environment risk is considered as red risk (Risk-1), if its related to any

legal

requirement

2. Likelihood Scale
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The Likelihood levels are defined in F1 to F5 . The scale of decreasing Likelihood is
intended to represent a range from Almost Certain to highly Rare . It is expressed in
terms of frequency of historical events if the record is available.

For all Risk category Il cases as well as C4 and C5 potential Consequences, likelihood
should be evaluate based on the failure frequency of safeguards, taking into
consideration the number and the type of safe guards provided either to eliminate the

cause or to reduce the consequence. These descriptions are used in every application

Likelihood Based on past data Event Frequency
Almost Happens several times in different department of F1
Certain Tata Steel in a particular location (TSJ/ TSK / >1t010*
THTH etc).
Likely Happens at least once in in Tata Steel in a F2
particular location (TSJ/ TSK / THTH etc). 101 to 102
Possible Has occurred in Tata Steel F3
10210 107
Un Likely | Has occurred in steel industry F4
10°to 10*
Rare Has not occurred in Steel Industry F5
<10°

of the Risk matrix so as to promote consistent assessment of Risk.

The RAM Likelihood scale is qualitative and not quantitative. In case where historical
incident data is not available, safeguard failure data should be used as per the table
below.
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Calculation of Probability Type of Safe Guard
F1 e Single Administrative
e One Active or
F-2 . . .
e Two Independent Administrative
e Passive or
F.3 e One Active + One Administrative or
e Three Independent Administrative
e Two Active or
=) e One Passive + One Administrative or
e Four Independent Administrative
e Two Active+ One Administrative or
F-5 . .
e One Passive + One Active

1.3 Records:
All the records originating from the implementation of above Procedures are
maintained with the respective departments including the followings;

Subject Form # EHSMSM/WORKS/
EHS Hazard and Risk Assessment 612/4001
EHS Risk Register 612/4002
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1.4 Reference
Following procedure should be used for various studies as mentioned in this document

Various Procedure

Document Number

Process Safety Information

SAFETY/PROC/PROCESS/01

Process Hazard Analysis

SAFETY/PROC/PROCESS/08

PHRO - Identification of High Hazard Process

SAFETY/PROC/PROCESS/06

PHAST Software use

SAFETY/SOP/PROCESS/01

HAZOP

SAFETY/PROC/PROCESS/10

LOPA

SAFETY/PROC/PROCESS/11

BOW tie software use

SAFETY/PROC/PROCESS/12

Human Failure Analysis in Process Risk Assessment

SAFETY/PROC/PROCESS/13

Procedure for Job Cycle Check

SAFETY/PROC/GEN/09

Procedure for Barrier Audit

SAFETY/PROC/PROCESS/18

Acronyms/abbreviations

AIC : Area Implementation Committee
ALARP : As Low As Reasonably Practicable
DIC : Divisional Implementation Committee
EPA : Externa Processing Unit

ERM : Enterprise Risk Management

ETA : Event Tree Analysis

FMEA : Failure Mode Effect Analysis

HIRA : Hazard Identification & Risk Management
HOD : Head of Department

HAZOP : Hazard & Operability Study

EHS : Health, Safety & Sustainability
I&SEA - India & South-East Area

MRC : Management Review Committee
RAM : Risk Assessment Matrix

LOPA . Layer of Protection Analysis

PHA : Process Hazard Analysis

PHR : Process Hazard Review

SPC . Steel Processing Center

TSL : Tata Steel Limited

VP : Vice President
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Terms & Definitions

1

10

11

12

13

14

Assets

Community

Competence
Environment

Environment

Environmental
Condition
Environmental
Impact

Event tree analysis
(ETA)

Hazard

Hazardous Event

Incident
Injury and Ill

health
Job Cycle Check

Life cycle

Refers to damage to TSL assets with consideration of
Consequential Business Losses (i.e. include loss of business, loss
of product or resulting revenue, and inability to do other work
which has associated costs or loss of revenue).

Refers to people, resources and assets impacted outside of the
facility.

Ability to apply knowledge and skills to achieve intended results
Surroundings in which an organization operates, including air,
water, land, natural resources, flora, fauna, humans and their
interrelationships

Note 1: Surroundings can extend from within an organization to
the local, regional and global system.

Note 2: Surroundings can be described in terms of biodiversity,
ecosystems, climate or other characteristics.

Refers to air, water and land impacts both internal and external
to the facility

State or characteristic of the environment as determined at a
certain point in time.

Any change to the environment, whether adverse or beneficial,
wholly or partially resulting from an organization’s
environmental aspects.

Analysis techniques for identification of sequence of events or
impacts in case of risk play out

Source with a potential to cause injury and ill health

All potential Situations (Normal, abnormal, Emergency) that
could lead to injury and ill health associated with the
activity/Hazards

Occurrence arising out of, or in the course of, work that could or
does result in injury and ill health

Adverse effect on the physical, mental or cognitive condition of
a person

Itis atool to ensure the adequacy of standard operating procedure
and check the compliance of standard operating procedure by a
competent employee.

Consecutive and interlinked stages of a product (or service)
system, from raw material acquisition or generation from natural
resources to final disposal

Note 1: The life cycle stages include acquisition of raw materials,
design, production, transportation/delivery, use, end-of-life
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treatment and final disposal. [SOURCE: 1SO 14044:2006, 3.1,
modified — The words “(or service)” have been added to the
definition and Note 1 to entry has been added.]

15 Lost Time Injury Lost time Injury are occupational injuries which prevent a worker
from joining the next schedule shift.

16 Management Set of interrelated or interacting elements of an organization to

system establish policies and objectives and processes to achieve those
objectives

17 Mitigation & Actions aimed at preventing the occurrence of risk event are

Contingency plans  called mitigation plans whereas actions which would be taken till
the risk is mitigated in termed as contingency plan

18 Monitoring Determining the status of a system, a process or an activity

19 Monitoring Determining the status of a system, a process or an activity
Note 1: To determine the status, there might be a need to check,
supervise or critically observe.

20 Objective Result to be achieved

21  Occupational Performance related to the effectiveness of the prevention of

health and safety injury and ill health to workers and the provision of safe and
performance healthy workplaces

22  Occupational Combination of the likelihood of occurrence of a work-related

health and safety hazardous event or exposure(s) and the severity of injury and ill
risk health that can be caused by the event or exposure(s)

23  Organization Person or group of people that has its own functions with
responsibilities, authorities and relationships to achieve its
objectives

24 People Refers to employee and contractor health and safety impacts and
community safety

25 Performance Measurable result

26 Policy Intentions and direction of an organization, as formally expressed
by its top management

27 Procedure Specified way to carry out an activity or a process

28  Process Set of interrelated or interacting activities which transforms
inputs into outputs

29 Residual Risk Residual risk is the risk which will be left over once we’ve

implemented a risk mitigation option. The Risk post contingency
plan/mitigation plan or any associated risk or new risk which may
occur on implementation of contingency/mitigation plan.
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30 Residual Risk New likelihood and impact grading after mitigations plans /
Likelihood and controls implemented. Quantification of impact of the Residual
Impact: Risk in terms of objective KPl (e.g. Turnover Rs Crs,
Profitability Rs Crs, CO2 emission, fatality, etc.)

31 Risk Effect of uncertainty

32 Risk Assessment Process of evaluation the risk(s) arising from a hazard(s), taking
into account the adequacy of any existing controls, and deciding
whether or not the risk(s) is acceptable.

33 Risk mitigation Developing and evaluating alternative courses (Risk Avoidance
/ Control / Accept / Transfer) of action for eliminating root causes
of risks. Root cause analysis may guide to plan necessary
mitigation plans.

34  Risk Owner Risk ownership should lie with someone whose objective gets
impacted the most (irrespective of the fact of executing the
mitigation steps) and would be senior enough to drive and
coordinate the mitigation responses. . Even where risks are
collectively managed, a single risk owner should be named who
will take the lead responsibility for monitoring the risk and its
associated controls.

35 Risk prioritization  The process of prioritizing risks based on risk grid

36 Risk register Compendium of all risks finalized and detailed with risk
definition, lead indicators, mitigation and contingency plans

37  Safeguard health Safeguard health indicators” are the various items which ensured

indicators the readiness & effectiveness of the safeguard

38 Standard Operating SOP is a working document containing step by step sequentially

Procedure activities and ensure the safely completion of the job without
compromising the quality and environment.

39 Timeline Contingency plan/mitigation plan need to be a detailed action
plan and should have timeline by when it will be implemented.

40 Workplace Place under the control of the organization where a person needs

to be or to go for work purposes
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PREFACE

The management of tailings dams has gained importance in the recent past &a thev are
virtually an integral part of many large scale mining operations. This bulletin an "Tallings
Dam Design”, the_thirtieth in the series of Technical Bulletins brought out by Indian Bureau
of Mines with a view to disseminating the available informatior:, deals with the design of taii-

- Ings dams used for impounding of tailings generated by concentrators for beneficiation of
- ores/minerals. ' : . S

. The special aspects covered in this bulletin encompass planning, designing, construction

. and operation of tailings dams. The design procedure for tailings dam has been intertwined

with structural and pollution requirements including stability, geological and geotechnical in-
vesligations on site, materials used, seepage coritrol and erosion. The details on tailings treat-
ment, efﬂuent transport and area restoration have also been incorporated. Besides, aspects on
maintenance of tailings dams for control of seepage, reclamation of water, monitoring con-
tamination of ground water have also been covered. ' : R

Some of the prominent tallings dams in metalliferous-mines in India are briefly covered
with their salient features as part of case studies. The Indian Bureau of Mines thankfully ac-
knowledges the active cooperation extended by the managements of the mining companies
which has been very useful in bringing out this Bulletin. The entire presentation of the bul-
jetin is based on published literature, data, inspections/studies of mines carried out by the In-
dian Bureau of Mines and information obtained through correspondence.

It is hoped ti\_at professionals In the mining and allied industry will find it informative
and aseful, o

@ Y I P-a &

NAGPUR o " (OP.SACHDEVA)
DATED : 31 August, 199 - CONTROLLER GENERAL,
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F'E“oday, large open pit low grade ore mines

~ handle thousands of tonnes of ores and
waste rocks per day. The increased demand
for minerals has created several problems
for the mining industry including waste
disposal and tailings dams. This has given
birth to the waste disposal problem.  The
mine operations confine the waste/ tailings
in a smaller place with the help of tailings
dams -erected in such a way so that the
entire ' - vconfinement ~ would .. be
environmentally -safe .to neighbourhood.

This is how the management of tailings
dams - around the globe has gained the

importance. . - RGN L

Tailings are the waste mineral
remaining after the valued minerals have
been removed from the ore. Typically, the
ore is crushed to a fine sand at a
concentrator mill and "values" are removed
- by fotation or chemical processes in the
form of ‘"concentrates”. The valueless
mineral remaining at the "tail" end of the
process is referred to as tailings. Tailings
are generally in slurry form at the end of
processing operation_ and for convenience
and economy are generally transported as a
slurry to the tailings disposal structure, a
pond or a dam. It is the function of the
tailings impoundment to retain the slurry,
during which time the tailings go out of
suspension and fall at.the bottom of the
impoundment. The decant system is used
to remove the classified slurry water from
the impoundment either for disposal or for
reuse or "reclamation” purposes,

The tailing dams are constructed of
il tailings, mine wastes, or earth of rock

INTRODUCTION

- fill for the retention of tailings sl'urry or
- slurry water for reclamation. Tailings

dumps are tailings disposal strisctures
constructed by dry or ‘hydraulic fili means
but which do not impound significant
quantities-of water. Both types of structures
have long been -designed by ‘empirical
means . with less ~than satisfactory
performance. oo ot T
. The coarse waste material is generally

‘used for dump or dam building, and the

fine sludge is impounded for sedimentation

-and water clarification behind the tailings

dam. Large amount of water is used in
milling and washing processes. This water
cannot be reused or disposed of in most
streams without the removal of the
suspended solids; therefore, there is a need
for settlement ponds and retaining dams.

Tailings dams or dams for the

retention of tailing slurries have many

features in common with water diversion or
retention dams; thus it is natural to start
with water dam technology for their design.
However, their operational needs " are
different, as are many of the schedule,
construction  techniques and mineral -
characteristics consideration involved with
minerals  concentration mill  tailings
disposal. For example, tailings dams are
designed to be abandoned and not operated,
their construction is usually simultaneous
with their operation. Wherever possible
they do not cross streams nor do they
usually impound water for purposes other
than sedimentation and reclamation. Their
ultimate purpose is for solid waste disposal,
not water retention. It is imperative thal the
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. planning, design and operations of waste
disposal sites be conducted under the direct
supervision of competent engineers.
Information collected on tailings dam de-

sign has been classified in this publication -

- under chapters- on : Disposal of tailings,

Planning for tailings dams; Design
procedures for tailings dam; Constmction, :
- operation and maintenance; Tailings Dam in.
Indian Mines - case studies; Environmenta]
Aspects of ‘Tailings Disposal, These .

chapters treat the subject as follows

Chapter i+ provides the necessary
informatlon fordisposal of tailings i.e
methods.of tran5p0rt of tailings from mill to
tailings pond in case of slurry and for mine
waste disposal by way of trucks, rails, etc.
The information is also included on tailings

containment, tailings treatments, effluent

transport and area restoratton .

Chapter 11l deals wnth the planmng fOr

ta hngs dams with infosmation on selection.
_ of site, facts to be considered, configuration,
classification, type of embankment matenal _

avallable/ requu-ed

- structures i.e, starter da
“with an lmpermeabl_ ' lyner_
site ' preparation, ~“construction - “during

" procedure for tailings dam. It also covers
the points to be taken Into account for.

tailings dam such as stability of dam,
geotechnical investigations to be carried out,

“"‘construction materal for tanlmgs dam and ‘
':;:,5eepage of the ground. L ERR

Chapter V. covers constmchon.
operatlons and, malntenance “of tailings.

dams. Different . types of ‘co "'t_mctlon of

ncret'e hnmg,

operahon are covered. On’

__'tallmgs “dams mformatwn on records,
-mspectnons-"and remedtal resources is _.

added

Chapter VI treats some- examples pf
'- the ta:lmgs dams in Tndia “The avmlable ,
~data on the tallmgs dams at dlfferent '
' are bneﬂy fumlshed

Chapter ' VII dlscusses

lenwmnm@ntala.spestse PRI b A

bankment -

<l




Chapter 2
[ S POSAL OF TAILINGS

(A): METHODS OF msposm, OF
TAILINGS o

Taihngs from beneﬁcnatlon plants are in
most .cases, are of slurry which contains
- particles of gmund material mostly con-
‘sisting. of gangue minerals and minor
amounts of valuable minerals as suspensmn
in water.
- methods are used :

- (i) : Tailings are dlscharged dxrectly into
_ the environment _

(if) Tailmgs are .disposed of intp a: taihngs
pond while tallings discharge into river or
. other water.courses are neither desirable nor
~ permissible from' ecological point of view;
~most - frequently.. concentrator . tallings. are
~discharged into .a" specifically designed
tailings pond where solids are allowed to

~ settle. Depending upon a number of factors

like evaporation, ‘infiltration in the slte

= _ground, residual moisture of the talings

“‘supemmatant water may  be partially o not
: ischarged into envimnment -

. “Oth __methods in ud the .fellowing
”fi) Llyered methqd of taihngs dlsposai

_'-'_'_'5f5layetﬂ of uniform thickness, the slope of the
- layers dependmg on slurry characteristics.

S ~ Once a section of the deposit is covered with .

the desired thickness of fresh failings,
- discharge commences in another section and
_the newly deposited layer is left to seftle and
dry fora few days. The final configuration is a
- gently sloping rnass of tailings. Advantages
are that the tailings are well drained and fully

- * consolidated when the mine is abandoned. On

“the other. hand, it nwolves expensnve sﬂe
' -._;preparatlon : :

tailings form a cone,.

Basically two tajlmgs d:sposal‘

_ S r-‘resultm tughercost
The. tailings sluuy is deposited in thin '

N

2) Thickened taxlmgs dlsposal

" The tailings slurry is thlckened pﬁor to
diseharge from one or more’ spigotting
points within the tallmgs disposal area and
.. The ‘percentage of
solids should range from 55 1o 75 percent.
This method enables a greater storage

- capacity for a given disposal area but the

need to thicken the slurry results in higher -

: toperatwnal costs, .
'3) Tailings disposal behmd a dam

-The coarse fraction of taihngs ls

-:usually used to build the dam. -The tailings
‘slurry canbe dlscharged froma single point,
‘through a series of spigots from ‘a beader
‘through spray bars or through cyclanes for
‘mechanical separation of tailing sands for,
the dam construction. 'Where beneficiation
“process requires too fine'a grmd of ore,
-there may not be enough coarse material to

- build a tailings dam.”Insuch a case, a dam

- - has to be built with borfowed materials with
o +the consequent advantages of the qua!lty of
e ’materlals -being “better. and : ‘that their

Waste " material from a u}ining

7'0peratwn consists usually of coarse matenal
-generated in mine development work. The
low -grade .ore -that s excavated in the

rocess of obtaining the richer ore and is not
intended to be milled is usually placed in

piles/dumps that may or may not be
~{eached to recover some of the metal
~contained in the ore, -and the smaller size

material i.e. tailings that remain after the ore

is processed through the mill. ‘All the waste .
‘materials, both coarse and fine, must be
.+ transported to a permanent disposal site as
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part of mmmg operatlon Tailings disposal

- methods consist. of special preparation for

transport (thickening), mode of -transport,

- “and the method and procedures employed
" at the point where the tailings is dlscﬁarged
‘and comes to final rest or is rehandled and
. used in embankment construction,

(B) WASTE MATERIAUTAILINGS

| TRANSPORT
'1. Waste Material

Coarse mine waste is transported
‘pnmarily sby - tmcks conveyors and
rallroads, . - :

a) Tm¢ks 'I'he mlned out waste mateual
for short distanices Is transported by dozer
trucks, and By dumpers and trucks for com-
_paratively long distances. . The material
transported: by dumpers and' trucks .is
“usually. deposited at the angle of repose by
end dumping at.the, edge of 8 pl!e whlch
.produces steep slopes. :

+b) Cnnveyars ! These are used to transport
“the inaterial to:the hopper to be trucked or
-to free discharge at the dlsposa! site, Wasle
plles constructed in this manner have steep
‘outer- slope and may have compacted layers
from equipment travel with the possible
results of perched water tabie on the more
}compactlayers . C

<) Railroad : Ti;ansport of waste matenal
-by rail is'used for longer distance and not
=resorted toin India at present R

2 Tailmgs transpoi‘t

, Tailmgs are mmeral proeessmg sohd
I'EjeCtS containing mainly host-barren rocks
“along with minor amounts of unrecovered
or -non-recoverable - mineral values, ‘Wet
concentration techniques usually discard
solid particulate materials (tailings) in the
form of a slurry. The quantun of tailings
produced may be as much as 98 percent of
run-of-mine(r.o.m) in case of precious metal
ores or sulphide ores, and as low as 5 to 10
percent in case of low value minerals like
‘iron ores. In most cases 50 to 60 percent of

| '_'_'_'1) Gmwty ﬁcw

tailings are finer than 70 mlcrons and sbout
10 to 15 percenst finer than 2 microns and
engineering properties of such material are
similar 10 silt.  Slurry concentrations are in
the range of 35 fo 50 percent solids by

_weight, The slurry of tailings Is transported
elther -after thickening process or by ipe
lines or launder with gravity flow. E
L methodsmdesmbed below, -

R (a) Slurry transport

QS&,

“Tailings are frequently slumed in
water and transported by elther pipe line or

launder with gravity flow. The. slurry under
certain conditions may be discharged into &

riatural drainage channe] and collected at a
lower elevation. for distribution: to & pond
area, The system becomes  more

'comphc&teci when gravity flow is ot

possible, requiring 2 pump station. Slurry
concentrations are In the range of 35 ‘;o 5{3

_-pez‘cent solids byweight Rt

“To “avold * cost and prob!ems “of

~pumping, the: ideal situation is to have

gravity flow from the mill thickeners ta the
tailings pond for the entire life of the pond,
To prevent excessive wear, it. is important
that the, velocity is not too high and to

. preclude plugging of the line the velocity
* should not be too low, . The flow shouid be

between 12 and 1.8 m per second for
non~ferrous tails and as high as 3 6 and 42

: _f.m per second for taconite. .
: n) Pumpmg

When the above ment;oned system
does not ‘work ie gravity fow is not

possible then pumps are to be Installed for

_dlschargmg the tailings to the Ealhnb& pond

Centrifugal pumps are common for
low-head demands in concentrators where
seal water is available and easily controlled.
Where several pump stations are required in
the pump line, a dump valve should be just
ahead of each pump station, with a catch
basin to hold the entire contents in case of &

power failure.
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Centrifugal pumps of abrasive
resistant steel or abrasive resistant plastic
liner are much simpler to operate and are
probably the most popular for tailing slurry
pumpmg( " Different types of pipes used
for tailing disposal are steel pipes, wood
stave pipes, reinforced concrete pipes,
transit pipes, fibre blass pipes and plastic
pipes. Wood stave pipes are used in older
installations,

(b) Tailings containment/impoundments

Tailings <containment must have
sufficient dimensions to allow the mine or

plant operate durmg its estimated life .

hme

The type of tailings containment used
is generally determined by seismic activity,
water classnficahon, tailings properties and

stability foundation conditions, hydrological -

conditions, = tailings - distribution and

environmental considerations. The tailings ..

containment has other functions than the
storage of tailings. It is also used for water
classification and ‘somelimes as a water
reservoir for the operation of the plant. The
site . of tailings ~containment may be
forbidden in the vicinity of populated zones
or near tourist sites, In selecting the location
for tailings impoundments the smaller
catchment, the less inflow that has to be
by-passed around impoundment or handled
through the impoundment and its outlet
facilities, is also important. The control of
water in a tallmgs containment is a critical
requirement in the overal} design necessary
to ensure embankment stability. The control
of seepage is .important to protect the
quality of surface and ground water and
hence seepage study of the ground of tailing
containment is necessary.

_The site of the tailings containment
must necessarily be dependent on the
topographical and geological nature of the
available sites. Obviously, that a tailing
containment close to the mine or plant
concentrator will lend itself to more eco-
nomical operation and supervision. The

best site or sites for an impoundment or

* References lisfed after chapter V111

answering two questions :

* Cyanide,

tailings containment may be selected only

by close cordination among the concernied

partaes, operating engmeers mine
engineers, chemical engineers, geologists,
geotechnical  engineers, and other

specialists.

-{c) Tailings treatment

Treatment of effluent before discharge
to tailings ponds, one alternative for
protecting ground water quality from
contamination due to tailmgs ponds is to
perform  some chemical or physical

“treatment of the- tailings before discharge to
" the ponds.

Once it has been d&:termmed that
treatment is necessary, the approach to
selechng a treatment process lies in
(1) What are the
contaminants or propertles of tailings
discharge that requires treatment ? and (2)

:What methods of treatment shouid be used?

““‘Once the contar_ninarits requmng
treatment are identified, the method of_
treatment.may be selected. :

.. Chemical- treatment of the- talllngs can
be done at one or more points in the
disposal system. The usual locations are
immediately before or just after the
thickener, just prior to discharge into
tailings pond and on the decant site of the
tailings pond. For both alkaline and acidic
tailings the treatment is, in most cases, a
neutralization process. Basic or high pH
solutions can be acidified, or in many cases
neutralized by carbon dioxide from the
atmosphere. Lime or powdered limestone is
typically used to correct an acidic condition.

There are cases where radioactive
material, cyanide or other harmful materials
are present and require special treatment,
Barium chloride can be used to reduce
radioactive material while chlorine will help
id of the tailings of dangerous amoums 0{

For special cases, ion-exchange can be
used to remove heavy metals.  Also,
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_ addittves may be added to the efﬂuent to “Table 2.1. - To know the toxici of the
'reduce or prevent scaling. - - LS tailings a competent toxicoiogist 8 ould be

List of the contaminants assoc:ated consulted T
'_with mining and mllllng waste is gwen in oo

Table 2 1: Potential toxic contamlnants associated |
| With mmmg and millmg w.a\ste:a1 :

-’":{'-.,contaminantsz R

NS ieachheapsand dumps ;?'Pyrites ' R
: _._-.mine drainage taiilngs -"“Cu, Fe, Mg, Mn, Pb Sn, Zn, o
TN, S Aspyites .

.'_taillngs R e
: ' 2 Cu, Ag Mn, Sb,
o pH pyrites,
o trace metals.

: ‘:"__--_:'.:_j.':-::'_m_i_ne_dramag_e” ',:_PH' pyntes, Ni
RO Waste rock - f

.o mine water A3 ';Ra,U Th
. ,:'____tailmgs ZnRaV, -m
Lo tallings | SeePb, Z!‘l R

'”'_"'f."”mine d:amage S

< wing B ay
o _tailings o _ ‘;SeeCu, Pb Zn A

L St D HgNaCN

_-red and brown muds : -'j{'pH, Mn, Fe Al [N

L -ﬁ_---'.ta;lings A pHFe

. -"Ter SRR 'tallmgs -_"pH, Fe, Ni, Zn

“ 7 Ufinesitu solutnon IR ore body pH, U, Ra, gross, NHs

"mmlngm_ethod) o

o ) . metals, o . N
: Surfacelmpoundment ..U, Ra,NHa,pH . g

E ﬁDTES 5L Muy not be all- mclus!ve _ _
Lot 2 Metals may exist as either cahons or dl’\iOI‘IS

. _Soume Development of Systematic Waste dlsp0§dl plans fo metal & non meial mines. A Minegals Ru.eurch conkract pgpqﬂ 7
CE 7 June, 1982, Bureaw of Mmes Umled Stales Depariment of the lntenor, Mmerals Environmental TechnOIogy Vol I of
2page43l . : : S RN R

ﬁ%maqm;f?”””

SO;,Mn,otherdnsolved :j 5
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' Handling af 'decanted hquzd from a

taliings pond " area i usually a simple -

. gravity flow or pumpmg wuh the followmg
: objectwes* Rt i D
AR B Recycling effluent to the plant.

“a, Dmcharsins thg effiuen! foa localion for use

e irrigation. ..
2 Sending the efﬂuent to evaﬁoration ponds

s, Discharging theffluent into a n.atu!‘_ﬂ‘I drednage,_‘

L '-: :elther thh or wnthout treatment

- The hquxd decanted may be much less

" than the tota] input to the tailing pond area,

-"_”-.;since liquid -entrapment in the tailings,
' evaporation and seepage _all reduce the_

| ; ;amount of efﬂuem e 7
There are _tl_\ree methods of cnilseting

| _-.’ the efﬂuent

» . pump located at the base of the dam. | The

" decantation systein_offers the advantage of a
- permanent pump location and is capable of
- handling a sudden flow of natural drainage. The

. disadvantages of this - system are in the

~-construction costs, and the problems of a decanl _

tower and pipelines beneath the dam.

~(2) Pumps are becoming more popular wherever
- the terrain permits. Their advantages are less
-construction cost, good water control, good access

- to pumps and in seismic regions, lesser risk of

- failure than decant towers or pipes. The
. disadvantage is that there is no way to get rid of

- -water in case of power failure during a flood -

freezing during extreme winter weather,

(3) Siphons in tailing ponds should not be used -

~ . except with a water type dam. Siphons require a
- low capxtai investment and operating cost, but
" cannot give the advantage of pond elevatlon as

- barge pumps can.
{e) Area Restoration

: ~ Area restoration is necessary to protect
“human health and the environment by
- stablilzmg the spoil material, eliminating or
mlmmlzmg the release of waste products to

lj_ Lthe air or water and to free the sxte owner of

. other: than plant pmoess water eg. agncultural‘_ o

.the need to perform major maintenance after

. the sites become inactive or are abandoned.
‘This requires adequate reliable diversion :
_ drainage - systems, cover materials and S
w_--fslopes pmtected from erosion._’" R
- Restoration of the waste dt3posal area S

P Sendsng the effluent tuaspecial tredtment pond. *?”‘has three Objectives' RN

' Sml stabtllzatitm to pte.
wa!ererosnon e

: '.’-',3."I’olluﬂnn podtrol lncludes water perco!atlon |
7 into. the down stream drai

_ nage,  with special
* “attention o éonditions such as mdlation from
: urardurnta:hngsareas S o

3 Landscaping of tailing areas so lhat appearance
blendswith thesurtoundinglandscape R

Soal stablihzation today in most cases is

.. l'a must and a great deal of efforts have been _
.:"_:dinected towards this objective, .

There ate three prmcapai methods to

S S a'--':stabillzeataihngs area; . "
,(I)Tddecamtlwliquidfn'xnthetaihngspondtda PR

1 Vegetation !he pmotmn of plant gmwih

2, Physical - the covering, of taillngs area with suil o

'~ slag, or other materials.
3. Chemical - the formation of the !op crust by the

use of chemicals fo interacl with ﬂne-slzed RS

'mmerals

Vegetation stabilizﬁtion should
produce  a self-perpetuating plant cover.

Frequently this involves furrowing or other
_surface preparation, the pianting of the
“preliminary growth called a nurse crop,
- fertilizing, and introduction of chemicals to
_minimize sand movement.
'pl'QCCSS

A vegetative
may be aided under some
conditions by a sml cover, mattmg and -

o imgatwn

Neutralization of acnd soxls with
limestone and treatment of basic soils with
gypsum may prove beneficial. However,
tests have indicated that neutralization is
frequently not necessary and in some cases
may adversely affect plant-growth. . '

Thas methud

of stabsllzanon f.is.,- S
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preferred as it gives greater permanency
and improyement in appearance than other
techniques. Vegetation helps to control dust
problem, facilitate crop production and also
reatores ‘ild life habitats. ' A

Physu:al stablhzatlon is used to protect
fine tailings against wind erosion and for
providing an attractive habitat for plant
growth The most commonly used material
is rock or soil from borrow areas,  Mine
waste and slag are also used. A physical
cover without vegetation will not a}ways
pwduce the .aesthetic effect that s
: demanded It is usuaily 1mportant that the

physical cover be amenable to plant growth.

Chemical stabilization is brought
about through the formation of an air and
water resistant crust with a thickness of few
centimetres. The purpose is to minimize
wind and water e¢roslon and to prevent
pollution. 1t is particularly applicable in an
arid climate, or with acidic or basic
conditions. Because the crust will prevent
plant growth, this approach will normally

meet full acceptance only where vegetation_

is elther not possnble or is not required




Chapter 3

PLANNING FOR TAILINGS DAM

e
————

(4.} SELECTION OF SITE
1, General

Disposal of mine waste/tailings and
construction of dam are not profit oriented
operations far mine operators, therefore, it is
necegsary to canstruct the disposal system in
as economical manner as possible and still
meet stability. and ecoioglcal requirements.
Because.waste generation is directly related
to .ore producuon, disposal site. selection,
constmchon, - operation " and

pmductlon ‘rates - should * be planned

concurrently with ring and mill planmng as

ilustrated in the chart. The selection | process
can vary frpm’a basic problem with few
'vanables to a very complex problem with
many and difficult variables to assess. The
~slte selection requires the knowledge and
.~ judgement of experts from all disciplines to
‘egtithe criterion imposed by economy,
‘embankment stability, public safety and a
saund operation; “The extent of the site
. investigation is governed mamly by the
: foliowmg factors : :

- impounding embankment s
2.Site complexity, |
© 8, Consequences of  possib

4. Risks of. pollution
resources,

If the deSIgn hﬂght of a dump or
impoundment dam is to exceed 10 m, the
investigation should comprise, in addition to
~{esting and the assessment of characteristics of
" the foundations, borrow areas and the mine and
industiial waste; the same type of information

-location ‘of rivers,
~waste

‘arrangement - -of
formations, .
_ __features and seismicity.

. /obiained for a dam covering topography,
©  geology, hydrology, chmate and w&ler_

usage. :
2. Maps and Aenal Photographs

. “These are wvaluable in makmg
reconnaissance survey of paossible sites.

Aerial photographs are a source of useful
- information during planning. The available

maps should carry the topography with the
streams, dwelhngs,
installations .and underground workings.
geologlcal maps - should contain
delmeatmg the nature, properties and
different layers or
‘rock outcrops,

3, meinuty of Mlll

The location of the dlsPoaal site m' L

relation to the mill is of great. imporiance f from
an economic standpoint, “If there are several
sites available for tailings dam considering all
features as stated earlier, therythe selection of

“ “the site, at a lower elevation than the mill
_ SR - permits the use of gravity flow for transport

1. Dimensions of the dump and of the_ - of tailings, may be made. The site which Is
oo e closer to thie mill which becomes a definite

"advantage from the view of lower capltalu_

L outlay for the talllngjs

| rStorage volume _
- “The site for the tailings dam should be '

: 'selected with dimensions sufficient to allow

the mine or plant to operate during its
esfimated  lifetime. The volume .of
anticipated “waste/tailings from
underground operations is  difficult to
estimate accurately. Therefore, tailings dam

crelated to such types of depasit must be
-.__"gdebibned for lu;,hw storabe volume than the BRRARE

geologi.cal_ I
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~ quickly 0 accept. all the discharged tajlings.

- evaparation, valing -
. precipitation and storm runoff i

-= - weather station at the site ¢

- precipitation by months, a

~.data as mentioned ab

- affect the

. ‘whereas hot clima

- amount. - If the site s located n a wet

- climate, the water control structure mustbe.

' designed to handle relatively large amounts _

. of runoff water with precautions to prevent .
- -erosion and pollution, - - R

~ - Ab)Hydrological studies "~~~ ' -~

i Hydrological studies in planning of

PILANNING 11

' 'pl,érjmed generation of tailings. The size of
‘the site in relation to the daily tonnage
-varies with the terrain and whether it is in a

- wide or narrow mountain valley or in an

- open and relatively flat plain, but a rough
- figure of 14 hectares of each 1,000 tonnes of
.. dally eapacity is required. . In a mountain
- valley where the annual rise will be rapid,

o forthe first 5 to 10 years, careful planning is
‘required to ensure that the discharge.

- "Thie site should bé flexible for expansion
' thefailingdam with safety,
6. Climatlc, Hydrologicand

o such Es  ter
- distribution

and " extremes, * rate
prevailing - win

. Where applicable. It is desi

= tailings d

‘acceptable manner. The amount of surface

Ry iR _ - or greater, The expressjon 100 - years-after
. Mallings dam can be raised sufficiently, - F
. once In 100 years., An assessment, of the
~hydrological and runoff data for varions
*. " locations is performed and a: comparison
. between site conditions Is made to aid in
.- selecting a final sit

‘' . During the preliminary studies of (:c_);_Hy-dml-lc‘st“d}?s

-+ possible tailings site and dam construction, -

_AtIs required to have information on climate

i \perature - range, - rainfall oo 5. Gopasa BY
and " extremes, © Tate - of - Waler accompanying the, tailing
d = mill In a

- " diversion ‘ditches ‘can be used to b pass <o
.. runoff of flow from the drainage basin =~

. above the disposal site.?) The design of the =
- ‘water control structures must be based.on ...

- height of embankment, maximuym phreatic = @ -
‘surface and saturated soil. Any structure -

S “channel  miust “be :"degiign.Ed to. prev
 damagetothe embarkment, .~
(6.Seepagecontrol o

i An _es_s;;';jt_ia'i stﬁ'p’ in ii}e planning slage -:"_:f' :
-+ 48 cthe ‘assessment - of “potential - seepage -
through the foundation, abutment and: th

important to protect the quality of surface =

in a safe, economical and environmentally

runoff which enters the tailings disposal cap
be controlied by site selection. One of the
important . problems in hydrology s
determining of what is likely to oceur.in the .
future. . From a flood protection point of
view, it is useful to know the magnitude of - =
floods that have year frequencies of 1 in100. ;.o

flood, should not lead one to the_.*:wmn"g’f:.':' S

¢ for a tailings dam.

" H rdraulic :_c'émé:ti_t'aﬁ‘ons-‘dre msed jno RN
m of control measures for the water,:

that enters a disposal site, including th
sfrom th

In.an area with
structures are usually. desig
e maximum amount o the mill,» .
“control structures mightinchude -~
tercepter ditches with pumping

areas where water js plentiful,..... - .~

worst possible conditions. such as, ultimate.

that ‘releases. flow to the downstre:

embankment. . The contro} of seepage
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and groundwater, conserve water, pre'vent
piping and sloughing of material and to

maintain the stability of the embankment _

Seepage ‘can be difficult - and expensive to

control; therefore a site should be selected where

conditions ‘will minimize the potential for

seepage problems. Foundartion exploration.
will identify the locahon of fractured rock,’
premeable sands and gravels, thickness and

types of soil and- depth to groundwater 'Ihe
“collection ~of this information prior ‘to
construction will aid in the design of protective
“measures to mininize seepage from the tailings
pond or to confine leachate from the waste pile.
“Itis not possible to eliminate all seepage through

“ran embankment, but the design should be .
- ‘directed towazds seepage contral. The prmcipal _

. purpese  for controlling seepage agn an

 embankment is to keep the phreatic sugigée well

_below, -the - -downistream surface . of the

embankment to preserve its structural integrity.
_"Slnce tailings embankments are constructed -

" over a long period of time a programme for

" ‘monitoring the seepage conditions should be
; ‘-..f._jfestabhshed to determlne whether the design

criteria and assumptions are Béiﬁg}met
7. Provisions for future enlargement

AL pmJect is implemented Withm
certain technologtcal ot economic conditions
which may be modlﬁed during the Jifetime

. of the works It 15, therefore, xmportani to
‘ ensure in the outset that consisleni wnh .
sound civil engmeenng practice, possible

changes in the. main parameters affecting

' operatlons are not overlooked in the sile_
'seiecnon i : :

' 8 Potential Hazard

The evaluatlon of the putenual hazard
of a site is an essentlal pre-requisite to the
deslgn phase for a tailings dam. Hazards
pertain to potentxal loss of human life or.

_property damage in the area downstream of

the dam in event of failure or misoperation
of the dam. The classification for potential
hazards should be in accordance w;th the

_'followmg Table 3 1

y '-:Category

significant -

B Inhabltable structures)

| : Mor\e than few

Tab}e 3.1: Potenual Hazard clasmflca.tion

“Loss of life
{extent of development)

_' :;'.‘:.'None expected (no permanent
'structunetor human habitation) - :

- Few (no urban developmenis and -
" no mom than a small number of . o

““Economicloss
'."_'(extent of development)

.."__.':Mlmmal (undeveloped fo
- pecasional structures or agriculture)
-"‘._E:Appneclable (notabte abmullum -
"_:mdustry ar structurea)

- Excessive (exte_n_siv_s: community,

industry oragriculiure) .

‘Bource : Manual on tailings dams and dumps

_ Report prepared by M/s G.H.H. Legge, G.L. Heuluu ADM Peninan and W A Wahler for lhe 1COLD Loanmlllec OR Mlne &_ :
. induslnal Tmlmgs Dams and app:m od by the SOih F).ecutwe Meel:ng Rlo de Janemo, Apr:t May 1962, Bulienn 45 Page ?3 o

), PACTORS TO BE CONSIDERED
a) Surface SR

: GECL, om ; After the SEiELtIOH of tajlings
: 'dlSpObal slte, mformanon on geuloby of the ﬂ

environment.

- 'sxte and ad;acenl aleas will dactate the type _
- of design provisions necessary to provide .
“fora stable structuré and facility that may be

operated without being detrimental to the

Knowledge of the regional o




geology is necessary to properly log the “

drillholes and to know the extent of clays,
silts and gravels that might underlie the
areas. In turn, drillhote logs help in
confirming the site geology. Rock types,

faults and mineralization, that are necessary -

in ore delineation are ‘also helpful in
choosing the site for. tailings dam. The
removal of ore underneath an embankment
or old underground workings creates a
potential for future subsidence, therefore, an
- alternate site for tailings disposal can be
‘considered. SRR
- 2, VISUAL INSPECTION OF POTENTIAL SITES @ A
field inspection of the potential waste disposal
sites should be preceded by a thorough study
of all available data relating to the topography
and geology. Foundation conditions are often
- revealed or can be inferred from visual
inspection of rock out crops, erosional
_features, and- man-made excavations such as
rail- road and highway cuts, building
excavations, soil pits and rock quarries. The
area to be occupied by the tailings and water
should be visually examined at this time for
 existence of poten tial landslides and paths of
potential seepage.
mined out areas mustbe checked,
3. SEISMIC HISTORY : Failure of embankment
due to earthquake related motion is an ever-
present threat, although a threat is minor in

some areas, and major in others, Systematic

consideration of the varous factors
influencing preliminary design must include
study of the seismicity of the area. If the
planned tailings dam disposal site is in a zone
where the probability of major or great
earthquake damage is high or the site Is
located such that a failure would endanger

life, construction by the upstream method is .

“not recommended,
b) Below ground

1. GENERAL : For selecting the tailings dam
site, some factors are to be considered
specially below ground features. * Such type

The possibilities of the

of information. is very much useful for
structural foundation of the tailings dam

--and this should be studied before the field

examinations,

2. VISUAL INSPECTION : A significant portion of
the time expended during the visual -
geologic inspection of the sites will be used

“inobserving the foundation conditions of the

potential sites. Other factors affecting the

construction such as wet or boggy areas and - o

steep areas should be noted,

3. SUB-SURFACE EXPLORATION : Sufficient holes
should be excavated to give a reasonably
clear picture of the foundation upon which
the tailings site will be founded. The
number and type of holes required will
depend on the complexity of the geologic
conditions at the site. It is usually
advantageous to take a few representative
samples during preliminary “exploratjon.
During this planning, a few laboratory tests

are performed to determine the physical =

properties of the foundation soil,

C.CONFIGURATION CLASSIFICATION

(I)Genera!:_ Sl
~The methods wused in tailings

~ embankment construction to the topography

will affect its stabitity and the amount of work
required to develop a water control system.
The tailings dam classification system which

Is based on the local facilities and conditions

including topographic condition will be
helptul for collecting and recording data ina
systematic way. : o o

Figures 1, 2 and 3 present a tyﬁiéal

 System for the classification of mine and mil]
- waste embankments. S

coarse mine or processing plant waste that is
not capable of impounding of or presently
refaining water, should be classified as
impounding structure. A waste disposal

- facility may be a combination of two or

A non-impounding  embankment or
-~ waste pile, is an accumulation of typically =
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TDESCRIPTION -

The embankment is constructed frorm starter dam
 In {ifts which are placed successively on the

previous lift in the upstream direction, The

centerline of embankment crest moves In the

upstieam direction. -

““Fine ‘tajlings
BYimes ...\

b, Downaireom g
28
l - N

" “Coarse tallings,
G L

he A 3T ?
rouynd, sy

The embankment building material Is added
- successively to the down-stream side of the

‘previously placed embankment. The centerling of

the crest moves in a downstream difection. .

s tailing

csand 0

Nsurface).

Origngl J

The embankmeni is. raised in steps with the

- centerline of the crest remaining above the starter

dam, o

d. Rolled fiii|

> Pond LT
{;‘o“* I‘

K original /¢ s AT G ,
< erownd surface . -Drainage blonkey o

_ The embankment is constiucted of compacted

borrow material or mine development waste,

- Zoning of embankment and drainage blanket

depends on relative permeability and grain size of

tailings and embankment material.

Figure—i Construction ‘method configuration
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I1PE

Valley- Fill

DESCRIPTION

“ A mine and/or mill waste embankment which
< gompletely fils the valley, extending upstream to
- "the valley head, and is sloped to prevant tha
lmpoundmem 01 water

b.

‘Cross-Valjey

A mine and/or mill waste embarkment which

© . crosses a valley, but does not fill up the entire -
-~ upstream portion of the valiey. This type of the’
-embankment must include an outlet system

capable of passang Hood flows wnhout tempora:y _

storage,

G,

t, y
.In peundmant :

waler and{or taﬂlngs

A Cross Vallay embankmem wmch impOundsi :

paraile! to lhe valley axis.

1 A m ine andlor mill waste plle s::uated onthe side
“of ahill or valley, bslow the ridge crest and above
" the valley bottom., Usuai!y eiongatad m form and

.

Side-Hill
mpoundment

A mine «wY/or mill waste pile located on (he side
~of a hill o valley Which lmpounds W ai o a nd/m
'tamngs . !

F!Q”'°-2 -~ Topographic location configuration

PREPARKD BY G.R NITHAWARE 8TA{Dsg)
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T

TYPE.

Ridge -

BESCRIPTION

An embankment of a mine and/or mill waste

"~ located on top.of a ridge, stradiiing the crest of
] - theidge so that the refuse material affects both
' :fidge slopes. These embankments typically

evolve into sidehill forms on one or both sides of

. the ,r,ldge. ] B

,/' .

- Amineand/or mill waste pilelocatedonarelatively . -
- ftat, undulating, or slightly inclined surface inthe -+
-~ form of a mound or pile. R P

A mine and/or mili waste ar:anged inthe toim of " S i

an enclosed dyke, located on relatively flat terraln,

On gently sloping terrain, the pond may uge the SR

-hill as one side of the impoundment.

L

R i

An excivarion below original ground used for
impounding tailings or waste water, Jf the

- @xcavated material forms a continuous. ridge
-around the perimeter, the pond should be
.- Clessified s adykedpond, .. i

';".Fi_gura -3 _Additional fopogrophic location coﬁﬂgprat’ion

_.:_Embankmenis confaining any two of mo_ré_,qf the . G

PREPARED BY Q. R .NITNAWARE 8TA(Dry)




‘ PLANNING 1

wore of the basic forms.

% Construction method configisation s, -
methods are In common
the upsiream method,
d and centreline method

) UPSIREAM METHOD @ With the
method, an initial starter dan is co

reader. pipe
1. USING SPIBOL OF - the cyclone underflow §

P a dyke composed of the - 4owstream, and b
The centreline of the tap of " gyer flow pipe if

ment s shifted towards the *  ghe better opera il
ponc, area as the - height of the dam . ~embankment offers the g
peases.. The downstream foe of each - ihe initial period, It £ the
the. poretons & i supportd on the t0p of iy the balance betsveon the on

the “pervious idyke “with the ‘upstreamn = ¢ ypo
portion_ of the dyke placed over finer  frachion, ed by the supporting part 1
- The most common tailings pond is the. ~ shape the supporting part are insufficient,:

upsiream type with spigotting. It is used if. - In the downstream method of construction, -
-~ the sand is suitable for dam building, the the centreline of the top of the dam shifts
seismicity risk is relatively low .and .the - downstream as the dam is raised. A starter
dams will not be exceedingly high. Tailings ~ dam_is required. The. starter, dam will .-
dams of this type are most economical ories, - - usually be constricted of compacted borrow

guppowné‘iﬁ&is, L

it was'tised extensively in the past, It is now. . material which contains significant silt and -

avolded because of the difficulty of ensuring  clay sizzs. I tailings are to be used during
stability, - particularly under  seismic construction,-only the coarse fraction. must -

dam and the decant works are the fastest - potential earthquake zone and/or will
' built and thu ﬁ‘.fhé'faste_éét'in'opei-'qti_oh.”_l_f exceed the height of about 15 'm “the.
the “original ‘material contains sufficient - downstream extensions must be compacted.
~amount of sand fractions and the beach is  The major disadvantage of the method is a .

' fﬂ__ng,'as_tab'l'e,su_pqu_t of the necessary sizejs  large voluime of sand required. © e ol

of telingn 1o advantige of (hS type 1 cowtutng weron : The dam s built with
of tailings dam is that the sections of the coarse fraction of tallings, The dam centre .
Support. component, *999%?{99!8(1__3;_:_i_;{tgr - line is maintained in'the same verlical plane
stages will lie on finer granular material, " ¢ 1he héightincreases,
S eduring the preceding stages, - Thi | ° CEUTOESE
material s of lower strength and . - Inthe .'33"“3’}“6 method, the crest of
R . .~ the dam s maintained at the ‘same .-

¢ basic structures, the starter ~ be employed. If the dam is located ina
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horizontal position as the helght of the dam_  During the planning stage, samples of the
is increased. The dam js raised by spreadlng faldings may not be available for testing,
and compacting additional cparse tailings however, some knowledge of the gradation
on the top, on, the upstream sh ulder nd and physical properties should be available
of .- for the_purpose of design plann;ng The
ange of expected gradation can be: wseful in
predichng the total gradation and, the percent
of the failings targer than 200 sieve size.  Since
‘they may be used as an integral part of the
am, _ the . shear . strength, - “consolidatior,
: : , permeablhty, sedsmentatlon and construction
upstream and requlres much ess cyulcme___-__ characteristics _must be determined. - Other
underflow: thar\ the downstream lt canbe characteristics like: pyntes and .acid potential, -

mterruptrom _ gs - wind eroslon, etc must bﬁ as‘ebsed
provided the area is iarge and the cyciones s : b Boe S

‘produce a s'and--?that has sufﬁcxen’t 3
ability that ‘the §
-.below the surface i

“embankment  of 1he -
g _-_permeabllaty and stabihty,

usually chem:cally neutral such is often not - -

B er uire
'used carefully as the’ ta;lmgs'dam retained
¢ -.:'_--_the case with mining and ind ustnal wastes

-_for generatlon to generahon When the

j" '_?_:_development, fure
- “composition varies accordmg to the nature-:_' -
I

cop ér,' lead zine and | iron. mme.,,." |
the wastes mdy have a h:gh sulphur conten% A

Usually, the most readaly available and -
most economical to use for construction is -
the material Produced at the mill anc}"""-h‘”d .crusts - preventing -or.-limiting . the.

v_elgpmenl wasles. arg to be

: :ra_dnoactmty, buming, freezing and 1haw:ng,‘_" o

':"‘-eng.,eermg water' retainmg dams are._:.-."_-f .

silicions elements and selile at a faster rale, 0
As _they become oxidized, they may form - -

-'dramag Therefore, the sufﬁcwnt bamples
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Mine waste material that will not -

deteriorate and is proven suitable, for

to  supplement tailings
construction of ‘the" ‘tain embankment

chemistry and mmeralogy.
4. Bormw Malerlals

L Use - Jof borrow materzala for'

.constmcting the ta:lmgs dam s made when .'Ljﬁ"”'"i_greater volume of malerial

a) taillngs'ate"of ﬂne'grind_ : _' = aiexplored sampled and tested

b) the rate of ;ise of the tallings ia excesalve wilh
- respect to the ﬂllh\g Yme of each sucoessive stage e e
L mine waste mck cannot be used as the mineis ..

located far away and tranaportahon of wa‘;te
‘.'._:matedal is nnt econmmca! B :

in the construcbon, and .

c) forotherpmctical reasons. Tacindu

. the  borrow material -
" Therefore, during the eaurly phase of -

However, investigation methods require the_ '
use of techmques different from those in
civil engineefing, specially ln the ﬁelds of____=

Pnor to the selectxon of a specific site, a

" few exploration holes need be placed-in
construction, can be used in starter damand .
_materials _in

various potential borrow areas from where
can  be -excavated.

planning, sufficient exploration, sampling

-and testing of potential borrow materials :
should be made to locate and classify =~
. -enough material for construction of the .
- starter dam. " When disposal facility plans, =
. call for ‘the entire embankment _to be. " .
. constructed by borrow materials, a much .. -
must be_,:,

- “Borrow material can be used uniy when i
the tailings are not used due (o fine grind and




- Chapter-4

_DESIGN PROCEDURE FOR TAILINGS DAM

— —

—

A . GENERAL

Successful design of the ta:l:ngs dam is .

largely'dependent on a thorough evaluation
of the foundation. Disposal of tailings, and

using the water from milling process,

quirements,

T :'The_objective of the design phase is to

_ Pproduce a design and specifications for con-
~ struction of ‘a tailings dam which will
stabilise through the operational years and

operations. ~ The resulting waste facility
- should be adequate for all disposal require-
ments, and be economical to operate and

4

facility. - - R S

~ To certain extent, the procedural steps
will be the similar to the procedures fol-
lowed during the planning for embank-
ments in the earlier chapter. However, the
procedural steps during the design of tail-
ings dam are notably more thorough and
more detailed. ‘

B, STABILITY

1, GENERAL : There are a variety of conditions
of stability ranging from a small area of an
embankment with an incipient failure to a
massive slide. Many of the signs of the
stability are associated with the relationship
‘of the embankmeiit to the surface or sub-
surface water, Itis also important to recog-
nize the minor condition of stability which
not corrected can progressively lead to a
massive failure when an embankment is
placed under increasing stress such as in-
creased load, rising pond water level, rising

maintain during the life of the tailing

T g et =

. phreatic surface, and heavy precipitation, or
‘sudden  shock . durng an earthquake,

- Depending on other circumstarices, any one
of these causes of stability may not cause a .
. failure of dam but creates a condition of in-
demands that the foundatior evaluation . Stability if combined :with another one or
satisfies both_structural and pollution re- .- : Rttt eha ol
T ST T OVERLY STEEP SLOPES : Overlysteep -5.’9?95 -

‘more which may result ina major failure, -

can be the result of impoundment construc-
tion or severe erosion or these 1may be the

_ remaining slopes exposed by partial failure
and movement of .dowri slope materiat,

" retnain stable for an indefinite period after “Overly steep slopes may. remain stable for

~ rehabilitation following termination of

long periods of time as long as no change is
introduced into the state of equilibiium.
However, when a change occurs such as ad-
ditional downstream movement, increase jn
moisture content due to precipitation or
rising phreatic surface, a failure is certainly
to occur. Thetefore, existing conditions of
overly steep slopes should be corrected and
the design and construction of steep, in-
herently unstable/steep slopes should be
avoided. ' .

Compaction and drainage have con-
siderable influence on stability and hence on
the gradient of the down stream slopes, For
example, if a slope in loose saturated sand
having a friction angle of 30 degrees has a
minimum safety factor of 1.3, the computed
down stream slope is 13 degree (4.2:1). If
the sand is compacted the friction angle in-
creases to 38 degrees, the corresponding
slope angle is 18.5 degrees (3.1). If the slope
is drained the phreatic water surface is
lowered to the level of the toe, the slope
angle for a safely factor of 1.3 becomes 31
degrees (1.7 . 1). These calculations do not
include allowance for seismic forces. How.
ever, the steepest permissible embankment
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slope depends on the shear strength of the

fill and/or the foundation soil or rock, the ]
unit weight of the material, the height of the .-

pressure,

embankment and the distribution of water,
. HICHWATERLEVELEXC‘Ept in case i&heré_én_

-embankment s designed “to specifically
operate with a high water surface in contact .
with the upstream face, design should pro-:
vide for keeping the water surface as low as -
possible by adequately designed drains and - -

planned method of operation and construc-
~ tion to_prevent saturation of the embank- -
~should cover g

lowerelevation. . ....%

‘handle the increased flow. Even if the drain

‘capacityis large enoisgh to handle the in-

crease in flow, the permeability of the path

ise in water level would place water against

lower levels in the embankment due to less .
consolidation and compaction, Consequent-
ly, water against a low density fill can lead

and’probable over-topping ~ Therefore, con-
dition must be made during design and con-
struction $o avoid a rapid rise in water level
by provisions for bypassirig, ‘pumping or
safe storage increase in-volume of water af-

ace reflects an inadequate drainage con
dition in an embankment. The pre-wate

considerations ‘should provide for main

herefore, preliminary investigations -

m wa ' woulc  water against ... eventual failire of an'embankment, e
the upper part of the tailings dam whichis ., o0 oo ‘Numerous_ embank- -
usually at a lower density than malerial at - ' | bv founda.

foundahon

LT A emoankment. Ihe Pre-water. . - e successhu) design OF 4 tailings dara
‘pressure below the phreatic surface reduces ely depe; s  eyateali
the shear strength of the soil mass. Design 0 foundation, The foundation evajua:
fo e e, RIS PIOVIGE “77 e tion should satisfy both structiral and pol- oo
‘?‘.“’9&--“‘8 phreatic surface at a luwievel - lution requitements,” The foundation inust =

6. SEEPAGE OR' FIPING : No dam o_f any sig-
nificant size is completely seepage free.
Seepage along the perimeter of decant and

-culvert pipes can cause severe problems,
o ‘therefore, the design should incorporate

measures, such as the use of cutoff collars .
al!f_i_?_F?_P,."!'.DBS_--FQ.PI.'?Vf’QF.-S-‘?FP?Se probiem, -

< - Intailings dam the purpose s oftento
_design to permit a_controlled “amount of
-seepage to flow into drainage system and *

keep.the phreatic time from risingto a level -
that would be detrimental to embankment -

'":"'.St.ai.?.il..iﬁt)’.-‘.-z'FP.Q,nQﬂtiS)n_ resistance to attackby . - -
“both water an
all possible sites preferably ata - - )

) water and leachate should be estab- -
lished. ... ..o o

W, AT R . 7. LOW EMBANKMENT DENSTIY: Improper orin- "
& A RATID RISE OF WATER LEVEL ; A rapid rise in - oce-

 the water level may be so sudden as fo make
it impossible ‘for the “designed drains to

consistent compaction or placeient proce:

‘dure, ‘and ‘wide ‘variation in placement
~moisture are causes of Jow density embank- "
- ment. “The undesirable results of Jow den- =

sity are many and include reducti ;
1 flow, th - strength,“increased permeability,

of flow may not be adequate to permit in-. .
creased flow to reach the drains, The rapid -

Vehear
ability, excessive
consolidation and +differential ‘settlement. .
All of these may be conditions leadir o

- ‘ment failures have been caused by founda- -~
“ tions that were not compelent enough to - .
. support the -embankments superimposed
1O FADId Eatirabion and i oo on them. ‘Adequate foundation exploration
/0 rapid saturation and ‘piping ‘which can " oo A Ae ounaation exp

: | : L0 programmes are carried out to provide suf-
cause collapse leading to loss of free-board | Prog NP

ficient data to identify weak conditions in

the foundations, “During the design phase i )
remedial procedures are analvsad i deter- 40

mine the most economically 'satisfactury . PR
method to be specified to correct the -

- - -deficiencies, . The method may range from o o
i an s e s T embankment section modificodion W ocome s
5. HIGH PHREATIC SURFACE : A high phireatic

plete removal of the weak 1aterial inthe -

is largely dependent on thorotigh evaluation
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have adequéte strength to support trends of -
the embankment and the hydraulic strucv___--

ture lnc]uded in the embankment
9. DIFFERENTIAL semEMENT :

improper foundation preparation--either from
-~ a failure to recognize and treat weak areas or

* failure to specxaly trimming or excavation to -
_eliminate .o to substantiaily reduce major,
_“start breaks in the topography along the a!lgn- i

ﬁment of the proposed embankment.

R not ‘common cause of mstab:hty in tailings_

“embankments, changes in the physical
- properties of the material in the embank-

.. ments can. oceur, primarily on the exposed -

- “downstream slope.Freezing in addition 4o - .
‘physical  and_chemical . weathering :may -
-:produce an impervious. crust.on a surface -
“that :is. mtended to be pervious. and free -
-drammg ‘Chemical leaching, either through -
‘normal weathering - processes or through
_ planned deaching to extract metals, may cre- -

ate. cavities in an embankment and reduce . -

“the strength of the remainmg matenal in the_

embankment

“less than 60 percent are susceptible to li-

Volume of water and silme:,
‘12 COLLAPSE OF STRUCTURE :

the éntbankment could overtop during a
-period of high inflow. A collapsed decant
- pipe would prevent control_or the water
“surface, and could create a path for piping

- under the dam and lead to eventual failure
of the embankment. Adequately designed

" structures _to support . the anticipated ul-

(,ulldpae of an m-'
take structure to a decant pipe would impair
_ the ability to control the water surface and

13, EXTENDED DEPOSITION
tinued deposition of tailings at one Iacation

Design - Pt o
:_safeguards against ‘all types of detnmental e
“operational pmcedures without costly over.: .=

- - design. - Therefore, - adherence to proper PR

1] CHANGES IN PHYSICAL PROPERTIES ; Though operational

TAILINGS DAM DESIGN

timate load, specnﬁc instrucnons for proper

- installation, followed by proper installation
o durmg constructlon will reduce such failure

Uneven settle« =
ment may be caused by improper compac-
tion. However, the most common cause is

OF TAILING‘; 2 (

along an embankment can produce an in-
desirable increase in the ‘saturation’ ‘Jevel
resulting in 8 decrease in the qtabihty
“provisions . cannot ~provide -

procedures “is ‘essential

_*prevent development of critical condltaom JEREE

. may oceur due to _contmuuus
_depositlon ik

e

in adequately designed structures, Facilities

should be provided to permit_shifting ‘of -
deposition _to points distant enough Ao

reduce the rise in the phreatic surface which - AR

C GEOTECHNICAL INVESTIGATIONS

1, General : Information relating to. founda: . S
“tion conditions and natural materials. avaﬂ-{;,-_ SR
“able for construction is essenual for design .
Preliminary 1nvesl|§,a-]_;___-”_-'- S

of & tailings dam.

‘tions_are normaliy ‘made during the plan-

ey : . ning, phase wnth aIl the avallable cullected R
1l. LIQUEFAC'IION- The concluswe studles in-. ‘data, - o

-dicated that sands with a relative density of .- 5 A " ihvesh gation Programme

: - geological .investigation re ulred ma be
quefactlon and sands with a relative density geo 08 8 y o

of 60 percent or slightly greater have only a -
‘marginal stabilily against liquefaction. The -
‘design -should take organisation of Iarge -

summariaed as follows ;

i) geological and geotechmcal ;econnaissauce an. .
‘the nile, _ .

li)ln sltutesta, o TR
iii)hboratorylestsand R
* iv) data from similar sltes.

1) GEOLOGICAL AND GEOTECHNICAL KECONNAIS-

"SANCE ON 1HE sITE : The site inspections by a -

~geologist and ‘a geotechnical engineer per
~mit:them to deflne and sel the mvestlgatm SRR
prog:ammes which in theif opinion_ are S
- necessary by pits, and trenches. All natural R
- anomalies like artesian phenumcna smell-

ing clays or artificial ones like mining wux lm

- are searched for and 1denuﬂed
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H) IN-SITU TESTS : In-situ tests as below are car-
ried out partly at Ieast during the dnlhng
programme. ¢

a) The lnstallalion ot' pimmeters In measure

.+ existing pressure at different times of the year,
_ befo:e and iﬂer rainfall seasons, . .

e .'b) In some materials, carrying out water teah at

L various depths during dﬂliing to determing soll

7 “and ‘rock . permeabilities by injectlon or
_:‘3.-'._preferably by extraction of water, with contral
- ~plezometers Jocated at various. dlstances ,away:

5 :from the pumping well. SR

'with membrane densimeter. oo

“The drilling programme should 1n~
"clude deep ‘bores’ to check “on” mineral
: ‘deposus that might lie below the proposed
- site, the extraction of which could affect fu-
- -ture stability. -The foundation holes supple- -
. mented _to the. planmng -phase - drilling,

. should be drilled a minimum of 1.5 m into
. firm rock to ascertain that a firm foundation

has been reached especially if large boulders

. are expected in _the --rfoundatlon above the
- bedrock, L NEOR .

in) LABORATORY TESTS | Laboratory tests ale 10

. measure the characteristics like chemical
- analysis, strength and deformat:on charac-
7 “tegistics, ‘Sufficient test data are necessary to
;. permit “'détermination  of ‘representative
- ‘strength values and physical characteristics
- .of the foundation and construction materials

. to be involved inthe dam embankment and
_.dtsposal site. . Laboratory tests may also be
- performed on samples previously subjected

to accelerated pre-ageing. “Such tests do not

‘give in most of the cases the expected final
‘strength to be consmered in the stabnlity cal-
~culaions, TER

: “_lv) DATA FROM SIMIL AR blFE : Whlle there is
~similarity between certain aspects of water
- retaining ‘and tailings dams, the speciﬁc
_design requirements for the latter requires
. specialized knowledge of expersenced en-
5t gmeers ll‘\ this ﬁeld : : :

ﬁwment of ln—glm density wilh sand or -

The geotechnical investi gations shmlld

. be-followed, classified and presented by an
- experienced observer, capable of modifying

_the investigations programme to adapt. them
o the conditions found on the site. -~ '

“Besides, geotechn'lcal invest:gations,

-:_'-geophysmai investigations  like _ seismic
- survey and resmtlvity survey are necessary e
- fo be camed out,

Detailed si!e geology

“report _containing - all - of the

-___i.foundatlon and . borrow - expioratmns
- displayed .in cross-section along  with
‘detailed descriptions of the soif and. rock
- formations at the dam site shouid be
- compiled for design use, The report should
- include geologic plan showing all known
- faults at the site and surrounding area and
‘should also contain all | available . :
‘.gem\eablhty, groundwater and se:smwaty L
odata, o I

D, CONSTRUCTION MATERIALS
1 General Constructlon of a ta:lmgs dam

involves use of mdterlal from required ex-

“cavation mill tailings or from borrowed
“materials, Required -excavation includes

mine development waste, road and other
constructions. Borrowed materials are ob-
tained from borrow area excavation and are
used to supplement .materials ‘from re- -

~ quired excavation for construction of a dam.

However as the heights of the tailings dam
increase, the stability of the embankments is
often inadequate, therefore greater attention

-must be paid to the strength parameters as-

sociated with the present day mill lailings as
well as the construction procedures, the .
design configuration of embankment and
the internal seepage control drains included

in the structure. Anticipated use of mine -
cwaste and tailings is dependenl upon .
" whether or not the physical characteristics .

of these materials meet the requirements of

the retaining embankment regarding per- - -
-meability and strength. Tailings segregalion ™
by cydoning and burrowing the construe- .

tion materials has mcreased the cust uf td:i

- ._:ings dam _
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_2 Types ofmalerials

(2) MINE WASTE ; Mine waste is generated by
- mine development work and may congist of

- soll and rock or a mixture of both, Gradation

of the mine “waste ‘may range from a
. predominantly minus 200 sieve size (clay
~.and_silf) -to rock matedal of cobble .and
.boulder size. Prior to extensive use of waste
.material - for construction ‘purposes, -ap-
. propriate soil test should be made on repre-
“gentative samples o determine” strength
-values of the material. The material sizes

“:may rahge from medjum’ sized sand to fine
“8ilt. The finer fractmn is umuxtable'tor 'dam L

-construchon ;
- Cparse gramed smis are !ar;,er than the

: 'j.'_'number 200 sieve size (74 microns) and they i

: _'are further divided as foilows

o : ';'Cravel .;:f _-_-f.-sjze SN
Coarse . - i

C o Medium. . 25emto9mm,
_Fine . 9mmio025mm,

' ..’ -..(50 percent or more o{

’f'fthe No. 4 sxeve)

Sl blze
V:E_i':z.ﬁtoﬂ,ﬁmm B
' -:_:06toozmm S i

”:Flne gramed soxls are thuse of whsch
50 percent or more pass the number 200
sieve and wnth the foliawmg sub dlwsmns :

. -.'Sl" SR _._-,;---w-'Stze _Z—_::-_
'.}'Coarse :j 06 to(l(}z mm
"57.Medlum'_': i '.'1'.'_002 10 0.006 mm L
__ff Fine 7 s 0 00;,‘;_!0 i] 002 mm e
_Coarse SRNEEE 'r;:20t0 ()6smcmns _
S Medium L 06to02micons
' Colloids, .

- quence ‘of constructipn'_'__'; ust be developed
_and the availability of

75emto25cem, o

- the coarse. fraclion passes - | e
_uniform in_their characteristics than™ are

- most natugal depos:ts Chemical_propertjes

o hand specnal properties s

. the grain size distribu

02 to 0 0 mlcmn&_

.'ln addition, the niatenal should be

_ tested for its.durability when subjected to

contact with tailings fluids. Waste material

- when .used in. constmction, shouid be as-
- signed: the {owest str

- .mined by testing.
~indicate the final strength values that may
““be ‘reached, thereforek_
~ poor, durablhty shou d '
I ﬂl OFES, o

‘test résult may not

material displaymg
t be used.in eriti-

Permeablllty of mine aste must be as-

_certamed to estimate the amoun! of s  seepage,
“potential of piping and i e

5 of control

ine .waste to.
stﬁ!gg-_be

meet the const 'uct n sl 'du'

ore, Generaliy, metal ‘mine ‘tailings mclude

- material mmeralogxcaily similar to that of '
corresponding - parent ‘ore - materials,
-should be remembere

red that tailings. bemt, |
erials are much

man: made, the

h as radioactivity,
.01 gradation of

~the tailings is. -an lmpnﬁant property in
. determining the uhhty of

the ma_tenat in t..he .
constrqctmn e

Taxllngs slumes are'usually trans-

-_ported from the mill to the tailings pond by
- “pipeline or flume, For size separation, two
.- methods i.e. by spigotting and cyclomng ar:
~--in common use. In the spigotting method,
' “Ahe slurry on the surface of the tailings pon]
. forms a gently slupmg beach where 4}
~coarsest fraction is deposited progressively

towards the centre of the disposal area. In
. the second method of cycloning, the separa-
- tion is Lo use cyelones, The resulting grada-
. tion usually provides a sand from 10 to 20
“percent particle sizes passing the no. 200
| sieve, Ilus wn!l depend on the lnltidi gind
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gradation, size of cyclones and rate
of cycloning.
quired for special purposes, double cyclomng

will further reduce the fines contents..

If a ooamer gradation is re-
. Often changes 'in the orebody and milling
- processes will result in changes in the tailings

_bankments are usually constructed in stages

continuing through the size of the mine,

‘disposal system. Thus the original design or

Tests are required to determme the“ i
permeabihty and shear strength of the

tailings that will be used in the dam. These

condltions T

“The tallmgs 'resultmg
wncentratmg process consist of uniform,

sand-sized grains with a rather small span .

of &izes (Fig. 4)

(<) BORROW MATERIALS : Matenals other than
tailings and miine waste that have 16 be ob-

tained from a natural source are usually ex- -

.cavated from a nearby borrow area.. Soils
available may range from fine grained silts
and clays to sand, gravel)and cobbles. -An

good knowledge of the ‘availability of bor-
row materials is necessary so that the desig-
ner can produce a design that will utilize

available materials and still fulﬁll crltena es- _ .

tabl:shed forthe construction

It is necessary to use borrow materials
located near the dam site. If pos‘uble these
should be obtained from the reservoir area
since this will increase the reservoir storage
~capacity. Laboratory testing of.the borrow
materials samples is required to determine
the shear strength, stress-strain relationship,

compressibillty, grain size and permeablhty .
E. SEEPAGE CONTROL T

1 General _ ST _
All seepage thruu;,h a tallmgs em-

bankment cannot be eliminated. Therefore, -

the design should include adequate filters

and drains to control seepage. Tailings em-

":_"Where 9 =

0, have an ample length of embankment, .

~ supply of all types of borrow materials, ‘A

for the seepage control must be flexible and
“capable of adjustment to incorporate the

. changes, The seepage will depend upon the
tests must be performed at various moisture. .. ..
“and density c}t)mdnt:ons. If the dam will be -_'.-i'gefrf'e“eab'my of the materials and elevation
very large it is recommended that the shear Hference between the pond surface and the

strength be determlned under dynamnc load .

point of emergence of the seep age. Since the

o _'_'dlfference in elevation increases with deposi-
L e tion of tailings and impervious barriers can-
from a . i
_':}_'.lmperatwe that seepage contmi be incnr— i
-_ __f".porated into the design. SRR

not be placed after construction, therefore, it is

‘The rate of seepage ti\rough the em-

_..:bankment or foundation can be estimated_ _

from the equatlom

‘l (h)"ff'"d B

nf—_numt}erof?ﬂow paths, L

. _._and e

h difference in plezometnc elevatwn
~ between the water in the pond and
the locatlon of aeepage exrt '

The values of 1f ¢ dnd nd are obtamed
from the flow net. If zones of variable per
meablllty accur they must be taken into ac-
count in the development of the flow net. .

 The seepage water constilutes contam~ :

“ment and therefore the value of seepage must
“be determined to evaluate the effluence onad-
~-jacent land and water sources.
contamination is above allowable limits the
~design must incorporate  procedures o
- prevent leakage, to maintain it within
tolerable fimits and or remove the cun-_ L
tammanle : - R

- 1f potential

the rate of seepage 'per umt '

= number'cf equlpotential dtops ; -:' R
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TAILINGSDAM | LAY
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_ Z.Seepage Control Proceseea S

Seepage control is based on two fun-,

: damental processes, vlz. p

e 9 thmﬂui _reduee seepage}'.:
o [ ge flow, and

B 'ii) llnose tha! se:dzalnage methods to diacharge ‘

“the “seapage "without “the danger of piping

. .. - 'material of bujld up of a hlgh phmeatlc surface i '

e Smce the Iocatlon of the phreatlc,
f-._.surface is dependent upon permeability

pervious tailings - embankment - is
. commmonly used .to - promote drainage,
-.lower the phreatic_ surface and maintain a
- stable -.embankment, A crelatively

. _'.-_.impervmus tailings embankment must be
--used where it Is necessary to’ ‘reduce the

“-amount of water leaving the component 35 " seepage water . coming from . the failings

: . structure as shown in - ‘Fig. 6 (B). - In order to
;-large
embankment shouid be separated Jdnto

e .heepage to protect water quahty.

lhe _ dramage . system of

._:--__-.:mndltlons An ‘ade __j y
.drainage system 1S
-'est:mated seepa‘

| ! f seepage is
wapected to be moderate to ‘heavy, blanket

- drains are preferred, 1f the potential seepage_' .

~is small stip drain comprising pervious
drain material may be sufficient. - Blanket

l:-.ifz'.dram wells to form hyd raulic barti

- and very suspectible to the eros

,.‘gf.,the water, and seepage flow This is why o
'--_great attention .must be” L
- protection of the tamnga by the fllters at any

-appear.

,J._:placement of the dam embankment The

- thickness of the drains should never beless
... - than 30 ¢m thick and should preferably be at
R _,-.3_least 1 m thick, i i

 When the tallmgs are radioactlve or

the tailings “contain toxic material, it =
- becomes necessary to limit seepage into the -
* ‘embankment to the minimum so as to
"_".prevent contaminated water adverse to
_environment, ' A

-3, Drainage wells REERR

Drainage wells can’ also be used n

: :_;;controllmg seepage outflow. These wells can
“be installed in the embankment as shown In
- "Fig. 6, Drain wells can also be used to control
-_-:'water flow in the foundation by intercepting

effectively control foundation | seepage,_a line
injectlon we!is could be : _
the_tlme of -

The coarse ta:lmgs are - eslonless .
naction of

aid “to “the

p!ace where €rosion and piping could

“Wind ‘and  rain cannot _be .
-"_controlled Therefore surface erosion s a
-~ problems, special control or construction
methods may be considered wiule planning. J

o ' 'thhe deaign oftalhngs dam
-._;drams or bmp drams are placed pnor to R :
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' CONSTRUCTION, OPERATION AND MAINTENANCE

A .GENERAL - S
‘During the design phase, decisions are

_made based on the expected gradation of -

~the mill tailings. .. A design should be
- selected on the guidelines contained in the
. previous chapters about consideration of
~ ' prevention of water pollution, proper han-
* ~dling of the tailings, stability of the embank-
 ment, seepage control, drainage flow,
- ground water infiltration, height of the em-
- bankment and reclamation of the site.

... The engineer who plans and.designs
.any tailings dam must assess the sequence,
timings, method of placement and stability
~contrel programme during construction to
‘engure © that  the requirements  of
“/’practicability - and “economics are met.
"+ Competent engineering supervision should
- -always be specified for construction of the
startey .dam - and periodic - essentiality
.. inspections by a stability specialist. . ... "~

.. ~- The classification for size based on the
= height of the dam and storage capacity
“"should be in accordance with the Table 5.1.
- Size “classification may be determined by
.-either gtorage or height or whichever gives
the jarget slze L it

‘able 5.1 : Size classification .
-.Impoundments -

ARy ey e

-----------------------------------------------------------------

R LA L LT RE T P LT PR RL PR

)Small . - ?._f.*g,gaa,‘SOO;ﬁ_;g,voo 12476

iintermediate - 1,233,500-61,700 1 12& 305 .

THilarge oo 6L7000 305
o { Bource : Manual on Iai;ings dams and dumps. Report
" prepared by M/s G.H.H. Legge, G.L.Heriteau, ADM
- Penman and W.A.Wahler for the ICOLD Committee on
-Mine and Industrial Taillngs Dams and approved by the
- 50th Executive Meeting, Riq De Janerio, Apiil, 1982, Bulleiin -

Qmsﬁ,éhpacity . ;u.'.'?;le-i_"ght- B. )
'  1.General

The cost of compaction will depend on
the equipment used. Cohesionless sands,

sandy gravels or fine rock are most effec- .

tively compacted using vibrating drum or

~heavy pneumatic_rollers. Cohesive clays,
silt-clays are most effectively compacted
~ using grid or sheep foot roller. The thickness

of the layers of cohesive soil should not ex-
ceed- about 45 cm for effective compaction
and for non-cohesive soils, about 60cm.
~Field tests must be made during con-
struction to ensure that the design densities

* are obtained. Records should be kept on all
tests results. When test results indicate non- .

compliance with specifications, corrective

- measures should be implemented immedi-

ately. This. may consist. of removal and
recompaction of material, applying addi-

“tional compaction, adding water or drying
* " Regular sampling and testing of all the
“construction ‘materials s recommended

throughout the development of the disposal

~facility. This provides-gecords ‘for future -
- evaluation of material -performance and for. '
. regulating . agencies. .. Most important .
- material \.sampling . and testing - during
.- sonstruction increases assurance that the -
. work 1s ‘being done in compliance with

esign requirements, "

o+ During the planning and design
- phases, foundation and borrow explorations.; .
and testing . of sampled materials will .-

. provide information to determine the source . -

- of  materials . for - the'. “embankment SRR
" construction and the necessary foundation .~
. preparation required for construction, The . -
" extent and type of foundation preparation .~

[




" - material,
- /material, pockets of pervious sand, gravel - .

- . remOVEd. -

- CONSTRUCTION .

required will vary considerably: and will

depend upon the height of the dam. If the
*‘dam is to be high dam (over 30 m in height)
" “more extensive preparation will be required
. than for a lower dam. -Unsatisfactory
. materials such as organic ‘materials, lcose
weak, highly compressible

d cobbles and boulders, etc. should be

%StarterDam o -
S After determining the use of the
~matefial for construction of the tailings dam,

.- < 'the method "“‘to be adopted for tailings

““pond/ impoundment s confirmed. If tail-

- ings are :employed for ‘construction, three
methods are in common use; They are viz,,
upstteam method, downstream method and

- centreline method, and dépending upon the

“adoption “out of these"methods a type of

“starter dam ie. pervious or impervious

~“starter dam can be constructed accordingl y-

- “Adequate compaction, correct mois-

ture content and use of proper construction -

material are commonly recognised stand-
 ards that must be attained and consistently
intained during the entire construction
. phase. Successful construction depends on
. the adequacy of the site preparation and the
- quality the construction embodied in .the
starterdam, o o0

- .While serving its purpose as a starter
- dam it must alsoiperform as a barrier against
.. migration of tailings. through it, must be an
~effective barrier against undue seepage and

- sureofsupersaturated tailings. .

must also be capable of resisting the bull pres-

) PERVIOUS STARTER DAM : Stripping of all or-
R : foundation
_+-naterial and the removal of all material that

ganic - and Alnsatisfactory

- would create an unstable foundation is re-
- 'Quired. Pervious material inherent in the
+foundation should be excavated if the per-
“:meability of the material is great enough

~ bo create a piping problem under the dam.

~Although a pervious embankment is

designed to permit seepage thrcugh the em-

“bankment, the designed permeability is ob-

tained by prudent use of gradation qualities
of the material during the design phase and

- Is not obtained by permitting placement of

material at low density during construction,
Therefore, sandy and gravelly mixtures

- should be placed at 95 percent of proctor’
. maximum density and clean sand and

gravels should be placed at 65 to 70 percent
telative density with the lower valve recom- .
mended for use in low seismicity areas. The
clean granular materials, containing fess
than 10 pefeenit.of materials passing the 200
sieye size can be satisfactorily compacted by
vibrategy or rubber tyred rollers, Materials
more than 10 percerit passing the 200 sieve
size, when compacted .create relatively im- |
pervious embankment and ‘shoulc ' not be
used in pervious dams or in pervious zones
of a zoned embankment. Proper placement
an be obtained by ascertaining that place-

~ment moisture content is correct, and an
-adequate number of roller passes are. made
- with the proper equipment, Construction of

a designed pervious ‘dam requires no less
adherence to established construction proce-

_dures than the con struction of an imper-,
~vious dam keeping in mind that a much -
“+higher tailings dam will be resting on the

starterdam. - .. e
b. IMPERVIOUS STARTER DaM ; During the plan-

. ning and design phases, if the downstream *
“method of construction was selected or ex- -
plorations have established the -availability
. of only impervious material, an impervious
~ starter’ dam should be built, After the re-
.qQuired foundation preparations have been

made, construction of the required embank-
‘ment can be started, Construction of theem-. -

~bankment should be to 95 percent of proctor

maximum density which can be readily at- -
tained by maintaining the proper near op-
timum placement moisture, making a -

- sufficient number .of roller __pas_s_é_s limiting -
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the thmkness of the loose matersal so that the
“voller feeth will. penetrate; to the' pw_mus
K piaced layer,

resul
vious
tol

5, Ay with the construction of a per-
Quld be supervised by experienced
. gers in the construcnon of dampm-
'*-_bankments R LR R

'-'unstable structure cannot be made stable by

‘the addition of lining system, Any struciure
‘such as inlet pipés, decants and headwails_ E

‘shotld be completed prior to placement of
" theliner, To. asréor;\piish the design intention,

‘an 1mperméablé lingr must be ;properly .
must be performed to prepare the site for. the
_ constmctton of tax!ings dam are as follows 2

- constructed or install

_ d,‘_.N.o less important
s the high__ qqamysh |

mapghip required

:~.-_:§;;ciay ltner is 'dependeht upon the impervsouﬂs

s -qualities of the construction inaterial, thick- . .- A

"-"Depth of stnppmg will. vary accordmg fo .

site conditions but will usually extend to the

 depth of the top soil. Stripping is normally
|

~ness of the Jiner and quality of construction.
- Compaction should be done by sheep foot
~foller ‘with tamping feet long enough to

“penetrate to the imperviously compacted

“ayer and create a bending action between
the lower layer and the layer being coin-
~pacted. The thickness of the layer of loose
“material should be limited to ensure
“spenetration and the weight of the roller
~“ehould be adequate to satisfactorsly compach
~“the liner matertal to = minimum of 95 per-
“cent of ‘proctor maximum density. ~ Place-
“gaent moisture of the materizl should be
“near optimum and a sufficient number of
“density and molsture tests should be made

“and.records should be kept of the test data

‘ *mcludmg the location of the tests,

'-(b) CONCRETE LINING
been extensively used to.line for tailings

'damb thal are mmpdctlble wuh the cuncrete _ f'

nd using construction equip- .
“mént capable of producing the “required.

tarter dam, supervision of con struc-" -

"(b) FOUNDATION [-.XCAVA TION |
‘ment for removmg materi al below the
"“depth of normal stripping is classed as foun-
“dation excavation, Such excavation s usual-
"y required to reimove unde sirable materal
“such as organic matter, loose material, pocL—
"ets of pervious material and muck. '

Concrete 3ining, has

':'-'(C) scm. CEMENT The conatructlon of the soil-

gment lming can be accomplished by road

d 1 equipment and. paving or em-
¢t plagement ynethods, ‘Soil cement
for small projects cal \be. mixed in place,

“however, on large projects, the soil,'‘cement
--and water are mixed at a central plant. Ac- -
“-curate calibration of the plant prior to con- .

e ‘ - strugtion librat 3
: , S : - Techecks o ibrat r -

;f-ﬁ.E bankment mthanlmpeuneable Lmer s ech flheta 2 ﬂha ealso rf;quire '

R | T important to realize that ‘an

s essential ‘besides” penodic

€ ompﬁfct&m ﬁf*ﬂi\? #olj-céiment can be

.-;.done by - sheep -foot ‘rollers, steel-wheel
. rollers, or prieumaticstyre rollers, All ‘per-
“'manently bonded surfaces should be kept
‘moist for 7.days to pemut pgoper curmg

'}4 Site Preparahon

Some of the mam stems of work that'

. ;m FOUNDATION STRIPPING ¢ Even’ the lowest
: 3';_-'embankments usually require .2 minimal

_stnppmg tp remoye organic .

accomplished by bulidozers, self pru e___led
scrappers. - N
The reqmre-

If the stripping or foundation excavi-
tion exposes the bed rock, the rock surface
should be cleaned and inspected .for open
cracks, fissures, fault: planes and. jointing

- that may require grouting or surface sealing

to  prevent impoundment

piping. . For

‘designed to retain’ fluids and . restricted
- seepage into the foundation, care should be
:takcn to avmd removmg any in plane soil

Il trees from. the . o




- ;"'.-CQNSTRHCHON: _ od

that is .'ac:hmj as a naturai blanket fmm any
foundation area that may be exposed to the
impounded fluid. . A thorough foundation -
mvesttgation may be requned to establlsh

natura_l métenal b}anket under’ the pervaoua" |
- -unless a’ posmve_

zone sho

. (d) DECANT PIPt AND INTAKE STRUCTURES
Decant pipes are usually located on the floor -

- of the empoundment and pass. under the
“dam to discharge the decanted water into a
"holding pond for treatment or fo be pumped

back to the concentrator water storage pond.
“The pipe is subjecied to the weight of the

ﬁ;{)verlying tailmgs and water, and an ade~_
*.quate foundation for the pipe is necessary to-
~ - prevent differential settlement of ‘the line.
“which, if excessive can rupture the pipe and.

‘cause complete failure of the decant system.
“If the pipe is located on a soi] foundation,

excavation or preparatton should prowde A

foundation that consolidation tests have

‘supemmposed load, Intake lower structure
‘should be placed on rock foundation or on

f'adaquately compacted f:ll that wull suppont

:-l-and 15 cm of beddmg placed to assure & .

be followed with fabric filte :
“they have factory contmlled,umformlty in -
“tensile strength and are simpler to install
—conﬁrmed to be adequate for, the p}anned

- the. structure w1th0ut sett!mg If the decant

pipe is to be placed on a foundation of
bedrock then top soil, loose soil and loose
rock should be removed from the alxgnment

reparation of a mte

. for embankment construction s the locating

relauvely jme
« 8k vould. .require
,the upstream side,  Further
,the use of, a '

: dralns and/ or ﬁ lters should béwnde enough .
to accomimodate the eqmpment to be used

for - “fonstruction, - To . counteract the-

“contamination - that occurs during con..
“$truction, even-hand placed sloping drains.
- and filters should be less than one metre
thick. "Hand -placed filters around . pipe‘;r _
'.drains shouid be at least 15 cm thick. SECA

Good constructmn practl ce should alﬁo,j:
ven though;:

The ‘fabric should “be piaced within the -

“trench in such a manhier so as to obtaina
“high soil-to-fabric “contact area and as_ -
. wrmkle free as pobsible el R R

T ious.starterdam does
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1. Blanket drams depre;s:ons in the areato

50, a8 fo pfevent segregation. Th

a!,may dlctate the usé of strxp d]

tlon excavatlon m order to mammlze the ef~

fectweness of the. drams _
3. .Pipe Drains : Pjpe drains normally consist Of

perforated pipe placed in a narrow - trench’

and: ifided by a two-layer filter with
the material in contact with the pipe bemg

of sufficient-Particle size to material size so *

that- mabenal will nat enter or clog the per-

forations in metal pipe or the joint opemngs _
in ¢lay-or congrete tile, Open join pipes -

should be properiy aligned and well'bedded
in the filfel material o pievent movement

that would open the joinls excessively. All
_drain pipes must have adequate strength to

thhstand‘ the 1mposed load (Fig. 7),

The portxpn of the.drain- that llcs uns

'demeath the starter dam shioulq not be per
forated And should 1ot be fitted with.cut-off
(seepaae) mllars. cial carein comp

bdckfill bhould incmde the entire area.;

» _bankment WhiCh has a compressible fuunda«
tion subject to dxfferentxal settleme :
graded. .. may cause the pipe to open at the

ice . .L1pon whtch the blanket fi lter'

d blanket is to be placed ‘should’

that on!y mtmmum. '?.'-'_4 Fmger drains nger drams are usuat!y far-’

row in width and may only be slightly
~wider. than a pipe drain installation. ‘Finger
- drains may be placed in a trench similar to
. trench drains ot placed on the foundation
hquld be'evenly and properiy - vsurface, .To be effective, the drains must be
carefully installed to keep the coarse, watés-
' -cartying core of the.finger grain fram being
7 excluswely infiltrated by the surroundmg
- finer ‘pervious filter and base material.
Stnp drams are the same as -
‘_cept that they are. narrow"

; EfOSlOn

P ,nt-‘ relatwe denslty) has -
htaine' '!‘elatlve denSIty tgsts should :

ocations and placement of the drams,'_r “drain
f

'5 Matenals

“material ptoduced and the propertl‘e

&

" “delimited by the cut-off collax*s P;pe drams :

should not be installed under a tailings em- _

break as these faklures cou!d cause intery

Finger. drains should be protectcd from -

.‘__‘-_vehlcular and  equipment travel by con-.

stmctmg protectwe pads over the drams at

: equlpment - Crossings . ahd by restrlcllng

hese locanons until suffi- -

ankment is built up aboye the
nger “drains in the foundation .

cl not be 1tsed to drain seepage flowing

*_,_‘oilér a w'de area:but should be- ‘restricted to
~provide d‘rainage of limited areas such asan
. active spting in a localized area of the abut— .

mentor foundanon Ay

“ For . mmal constructmn, ubually two
re available e mine
and borrow matf.nalt :

-'ga) MINE DEVELOPMENT WAS'IE  Waste matenal ,
-may consist of s0il or rock material 0r amix-
ture of both, Development ivaste is often’ an

econormcal source of embankment conbtz Hes

tion material, In the situation where consid-

- erable development waste is to be excavated,

. ‘before actial mining, the waate may be
- placed dlrectky in the jnitial construction of
‘embarikinent, "

- Proper utilizatjon .

he. ‘
vaste’ will be, dependent upon the ty) -

1atenal as mdncated by the te:,t feﬂuits SRS
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() BORROW MATERIALS : The use of borrow
malerials. is usually stipulated in the waste
e"nbankment design due to unavailability of
other suitable sources of material either be-
cause of timing or the unsuitability of avail-

able .mine development waste materials,-
.Bormw materials are: gemaally used to con-

stmct startez dam or water storage damb

6 Fac‘;om Affectmg Emba;nkment
Camtruativn PR
Aﬂer the- embankment 51te has been

dam built with materials other than tailings

by the use of construction equlpment As .
the requirement for more stable equipment

increases more tallmg embankments will be
F&lSEd incrementajfy

pachon technigue.

"mm&wnstmctiom are:

qEy I‘YPE OF MmeIAL v The type or classifaca-'*_'__

4 "tmn of material used for construction (clay,
- sllt, clayee sand, silty sand, sand gravel, cob-

&els and rotk) will govern the selection of . -
the, type Of compaction equipment to be -

ment where the material should be placed.
iThis lacation is determined durmg design,

dzmctﬁd upstream,

]

(b) TYPE OF COMPACTION ;
usually accomplished by impact, vibration
or a uombinauon of both. The compaction
equipnient commonly used in émbankment
constryction which includes, crawler tractor,

gnd roller, pneumatic tyred raller, scrapers,
_ iwp font l()!EL‘rﬁ and: Vibmtmg, pldte com-

by the use of conven- .~
tiohal dam building equxpment and com-"

‘foot- which "has “somé of the feet remoyed’
~and flat plates 20 to 25.com diameter welded |
on the remaining féet. This modified. ver-
sion is best for silty soils oflow cohesmn

‘i(d) PLACEMhNT MOISTURE ; The moistuge. wn-
used and the location within the embank. - = ient of & material is most probably the factor
- that ‘has the greatest influence” on the.
f';fproperties of a soil,

For_example coarse material is generally ‘:_';‘_-..-,materlal such as failings sand will normally -

p laced ogtside and the impervious material
interior in a zoned embankment; however, . ¥
when ulilizing tailings for construction the
cogrser. sand s segregated to the down-
uétéﬂln side and is used to raise the embank-.
ment and the finer malemal and slxmea are

i4ing or eycloning.

“minys 200,
f_fmaterials often retain moisture in quantities
- greater than oplimum making compaction

SRR Cdifficult or unacwptabie Proper moisture
C‘“’“Pftctlon B content in a materal i necessary to obtan
.(e) THICKNESS oi iuml 111 1S
- adequate compacllon and improper, mois-

pactor. Pneumatic-tyred milet’s pmvidﬁ

. good compaction of cohessionless uils Jre

cluding sands and gravels, Preumatic tyréd

“rollers should not be’ used in materisty

where deep ruttmg OCCurs or. lamlnateﬁ

layers result from the smooth surfamﬁj
-. created betw een layera by. rubber -tyres.

There | is no equipment suited. besﬁ fus

the various soil types; but generally sheeg
;' “foot rollers are preferred -for cohesive bm!&
:sl“where bandmg between iayers is dey reﬁ, i

pmparcd initial embankment constructlon R
usualiy invalves constructions of a starter

(€} WEIGHT. QF r.owa(, roR The effcctivehess .

“and/or- appxepnateness of “compaction
- -equipment depends.on several factors, one-
<pf which. s weight of equipment. ’Imal‘
weight s significant in that a roller - r:
* crawler tractor will not deliver the compap-
‘tive effort unless the total weight is ade-
quate. . Tailings with more than 20 percent
© minus 200 mesh. materiaf being used for -

Some of the factom affectmg embank . ‘"ba |

Clean C()hesmnleab

v drain z:apldly enpugh to permit bdi!bf&itut‘y
-compactlon within a short time. after spigot

However, most failings
d_seldom coptain fess than 8 percent
mebh maleuai and these

desired densities, ‘
I dddstum tol m—

ture, another cause of low densities iy the

failute tw spread the 'l;::,p?._,gx‘uplgl_ig’l‘__img}.;g_t_lf _




CONSTRUCTION

ficiently thin lifts to enable the compactive -
effort to be distributed through the full

thickness of the lift,

Placing thin locse lifts. of malerial is
specially cared whep compacting in a
confined area,with hand held tampers. -

If proper densities are not being

obtained the following items should be

checked :

i) Measure the th'i_c_knessf df ;he;'. spiééd ".
layers or loose material;, Loose lifts of -

cohesive malerial in excess of 25 t4:30

‘em. genercally are too thick for proper,

compaction. . Pervious, free drainCing,
. malerial may be placed in lifts ranging

- from30t0%0cm, LT
i) Determine the placement moisture of
the material and compare the valug
with the optimum moisture content

determined by laboratory - molsture .

density tests on samples of the same

‘material. : ..

) 1 the ¢

Jetermi ether

~hecked, This is ! nine whethe;
s being applied

~--the .compactive ¢
o areadequate,
iy) ]
¢ otent and weight or the compacting
- equipment are.all satisfactory, the.-num.
.. ber of passes or the compacting equip-
_-ment penlayer should be increased and

 Once pr
and adequate,

construc tion |s reasonably assured,

€. CONSTRUCTION OF STRUCTURES

LGeneral vl

~“Every structure built ‘up 'must have
some.kind of foundation, no matter how
simple-it may be. The hydraitlic structures
used with tailings are -usially relatively
small and consequently foundation pres-

if the loose lifts thickness, moisture con:

sures are quite low, 'prgvﬁfr, if the stiuc-
ture is under a large embankment, founda-
tion consolidation may cause undesirable
structural settlement which could result in
opening pipe joints or breaking the pipe,
“which might allow interval erosjon. o

2. DRAINAGE PIPE

Drainage pipe is often placed within
portion of the -tailings embankment to
convey seepage 0 an acceptable .discharge
. point. Drain pipe can be plastic, concrete or

-asbestos bonded corrugated - metal pipe.
The plastic and concrete pipes can be either
plain or perforated. The asbestos bounded
‘should be ‘perforated and laid. with closed
joints. The pipes should be designed to,
~withstand the maximum anticipated Joad of
- theoverlyingtailings. =~ <~
.~ Perforated pipe should normally be
~placed down (Fig. 7). This causes the water
~fo flow up into the pipe, thus minimizing
e chaince of carrying fines info the pipe
', and blocking flow, For installation in very

" fine materials, a double layer filter and
- -grapular drain may be required to prevent -

- material from entering the perforations. The

. "diameter of the perforations should not be

- larger than one half of the 85 percent size of -

. the dralnage material surrounding the pipe.

" The pipe trench should be kept free of
« water which might impair construction of

. the drainage system. ‘The perforated pipe

“ should be ‘embedded in graded sand and

- graded gravel and care should be exercised

IBEREC: 0o o obtaln true alignmient and grade.
er compaction’ conditions . o o '
coimpaction are established -

- and followed the quality of the'embank__m_ggt. minus 0.5 percent preferably from one per

- The drain pipes should be'placed.-bn_a‘
- slope sufficient to keep thein clean at feast

centto 2 percent and with no adverse slope.
" Plpe drains can be very salisfactory

- with a good foundalion and careful con-

. struction bul blanket or strip drains may be

- more safe. A perforated pipe parallel to the
upstream toe of the starler dam is the
simplest with one or more solid pipes

- through the dam to the downstrean: toe. -




“If the foundation beneath & tau;ngsi_'

"S'co pressible. and ditfe
| -éﬂSﬂr%?e “pipe _d

earmg values as develo ed

umform beamngpressure for the plpe

. ‘The ".'.baékﬁlling and, compacnon of .
‘material around the pipe should be carried

out in layers of 15 to 30 ¢m on each side of

“the pipe simultaneously. The backfill
should be compacted to 30 ¢m minimum
over the top of the pipe and the collars to
prevent damage from equlpment travei

4& Concrete Slructures Friln

Stmctureb which may bL totally or par
tially constructed of concrete includes
decants  spillways, culverts and  various
drainage structures.” The problems - of

deterioration from chemual attack and ap:_ -
pmpnate preventwe measures are cruclal in

tusre wh}chmay_ be in Lu_n!qct w1_th_tal_lm§_,s _m '_: :

: i'_wleacha‘ge _rfrom tailmgs* I

.‘ :crete mixtures shnutd includs:

i beddmg fo develop the _same "

- delayed.

';hemlcal tatllng is
nine the

,?-,'i) Useofgoodwment o -
h) Useoflowwazer_oe '

_ 5, Cohstruct:on Dudng Qperalmn |
___seepage and plpmg Seepage

a) 'WATER STORAGE DAM ;i Unless the water
,_uld be used on all pipes and cc_)n- :

 will -_océur dusing aperatlons It
;_ ly _ I\.Sthted wrdth of the basg of

potentsal -

mit the dam’ to be completed by ccmtinumg ‘
 thie 'slope of full height, somme of the Gl may . -
¢ “have to be placed against the. downstream
. slopé in;buttress fashion to maintain stability.
of the slope; When construction is plansied for
continyous opération, the capacity created by
.. the portion of embankment constructed prior
: to start of mill, talimgs dlsposal must be large -
* enough to contain all the tailings produced
. without encroachmg on the embankment;
.- under construction. . SRR
i) Mine deoelopmmt wasle iy !n cases where the
- scheduled ¢ontin: umb embankment .con-
- stpuction’ ‘material is. mine development "
- waste, the bupply pf cnnstxuchon material
o may be mlerrupted or _be unavoidably
~For this reason, construction -
- should be scheduled to provide reserve
“storage capacity sufficient to store a year or

mnreoftailmg,s pmductmn ST R




" CONSTRUCTION S 39

ii) Borrow- mlmls A borrow area can be a

‘veliable source of embankment materials

provided ample explorations have been

made to prove out the quantity available.

Wate 'storage dam embankments may be
. der

' pnor to compactlon

structing ' tailings - embankments, °
-po opularity has been due to: the.ecommy o
the method and stability of 1 :

‘ments which have ot been. gx
high compared to the heights of 1

tion procedures.that produce eémbankments
of greater strength and uniformity of quality
‘construction must be adopted and diligently
followed. Where deposition is by spigotting

'gradation of mill g

cent mitius 200 mesh. Flgure 9shows grada

‘cent minus 200 mesh material discharged at_
48 to 50 percent pulp density which
produces very little separation of the sand -

-angd.slime on the beach resulting in a very
“poor dyke building Mmaterial. Tailings with
this -gradation should -be cycloned or

the sllme

'Ihe common method of splguttmg i8 | I_

to lay a_header pipe along the upstream

spigot valves located s0 as not to discharge
from the bottom of the header pipe. [f the

valve intakes are near the bouum of the -

1 5 containi 55 to 60 per- S
’ alllng contsi ‘ng 0 & Per ‘again the area. . There should be sufficient -

. - hydraulic head on the pipeline to permit
“the émbankment to be raised 10.m or morg
- before it is necessary to construct a new

_relocations of the header pipe.
- relocation of the header, this talimg pund or
edge of the completed starter dam with the - _atteast this particular area of the pond is not

“available for tailings disposal. Consequent-

header pipe, the first few spigots in a series
- would discharge a disproportionate amount
. of the larger particies resulting in a poor dis-
tnbutlon of the sand on'the beach. Spacing
-~ of the valves will vary with the total tonnage
- and the size of the spigot pipe ranging from
~3to5cm for 5 cm pipe and upto 15 m for 10
40 15:cm pipe. Proper spacing of the spigot
.. - valves. aids in preventing pockets from
. forming betweéji the cones of sand build up-

b), UPSTREAM CONSTRUCTION WITH smols ,' at the-tnd of the spigots, such pockets allow

This is most widely. used methad of con-'_ '
“The"

- slime carrying water to pond and permit silt
and clay to settle out near the crest of the

hen the tailings area filled
starter. dam, the pipes are
,n"d-is allowed to drain and
d-to.build a dam 2.5 to 3 m high

dav large di Constrise. -:;;,,\_—.with a26r3tolslope (or Ratter is specified
Ay laige disposal embankments. Construc " 'by design) which ‘exténds on the

‘downstream  side approximately to the

. header pipe.The compaction -of this con-
~ struction should. be at least 95 percent of

and ‘separation of tailings particles is by ’standardProctor maximun.

gravity, close attzentigndmust be paid 1o the ..
d

“The sand
beach.must be allowed time to drain before
e sand ¢an be moved. This may require 1
£ _&ependmg on climate and the .

m_!at' producnon when a dam is being
ised, The spigot. plpes are moved up the.
slope of the dam and over the top to fil

‘berm wide enough for a roadway and the
“header pipe at the higher elevation. The

spigotted at a much lower pulp density to ': .operation of relo cating the header pipe and
achleve better separdtloh of the san d from, “-spigots 1o a htgher elevation is more costly
- ‘ - -and requires much more time than raising

‘the “embankment for 3 m lift belween_
During

1y, during the planning phase, provisions
must be established in the overall schcdulc
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 CONSTRUCTION 4

to shift disposal operations to a standby

pond or an alternate area of the pond which
is sufficiently distant.and not to impede or -

“endanger the work of raising the embank-
* ment and relocating the header pipe.

€). UPSTREAM ' CONSTRUCTION WITH CYCLONES :
+ The procedure is the same as with spigot-

ting except that the cyclones may be placed

"ol towers 2.5 to 3 m high, be mounted on

- the oyerflow. discharge at Jeast 30 m or-fur-

ther upstream in order to keep the line of.
 contact between the fwo cyclones products - .
- @s_far upstream as possible. The distance

will be dependent on the total tonnage, per-

. centage of minus 200 mesh and the yield of

_sand at the cyclones, .. The operation of

- eyclories.must be properly controlled and
. monitored because their operation varies
“with the changes in pulp density, feed rates,

“the cycione o
s - - they can form an adequate impoundment

' for conﬁnement of the fines beach and pout.

-prefsure and wear _or
: orlﬂce(refer flg 10). :

The tailings embenkment can be built |

to a height of 10 to 12 m above the transport-
.ing pipeline_as three successive cyclone

- .towers are -completely covered.. . The
- cyclones are then removed, the area is . .
. 'ley:llled to form a birm with room for an ac- __._;.;:-.-:the tailings sand yield is insufficient.
-~ ess road and the sand line is moved up to a .

. _ 'j'}..‘new posltion and the process is nepeated

“In this method, it is very important

. that the starter dam be protected by fiters -
- and drains_along the upstream toe of the
“starter dam. The cycloned sand covers these

.drains and extends up the upsfream face of
- the starter dam. The dam and relative per-

~viousness of the sand cover pmtects the .

starter dam from saturation,

.'d) DOWNSTREAM CONSTRUCTION WITH CYCI, ONES

1 The main reason for using this method is
the belief that embankments constructed are
more stable and less susceptible to liquefac-

tion by seismic shock. This type of method

usually used when the mill gnnd is 60 per—

;---‘_-storage ‘dam for fines, thus .

. and _borrow “material .can
“‘embankment construction sufficiently to
~provide storage space in excess of daily
requirement and permit. dumping of total
tail ings for several months. This procedure
not “only  reduces
_advantageous in winter when construction _
of the embankment should be avoided, '

- €) CENTKELINE CONSTRUCTION WITH CYCLONES ;
.’ In centerline construction with cyclones, the

cent or more minus 200 mesh. Cyclones are
used when spigotting does not result in

enough segregation on the beach to pravide

adequate sand for construction (refer Fig.11)

The design and construction vary from
area to area because of different conditions
of terrain, tonnage and grind. Generally,

relatively ‘impervious starter dem is con-
 structed of compacted borrew material and
* mpvable trucks, or be transported by a
" dragline. The core should be taken to keep

asecond toe dam, which is pervious, is con-

 structed 70 to 100 m downstream of the first
- dam. Between the.two dams a drain system
“is constructed consisting of pipe, finger ur

blanket drains which drain downstream of

. the toe dam into a holding pond.

“The overflow goes into the pond and
the underflow. is placed ahead of the truck

: or crane and dnwnstream of the starter dam.

The starter wall initially acts as a
allowing the
coarse tallangs to develop to a stage where

The downstream method with

" cyclones provides flexibility - for using
. borrow . materials or  pit
supplemental construction materials when

waste  as

‘Combining construction with tailings sand

accelerate

the - cost, but s

underflows are deposited upstream and
downstream of the starter dam. As embank-

_ment is raised, the location of the centerline
-0f the dam remains constant. Embank ment

construction equipment can be used 10 flat-

-ten buth slopes or the slopes may be left al o
_lhe angle of repuse(Flg I2) -
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o - stabil

- disposal .

 construction -

- simultanegus- operatlon, daily mamtenance._- :

-_._;becomes aninse
- ‘construction.:

- inspection s _not efficient “or praclical,

o TAILINGSDAM: DESIGN

increase  the  density  of

To

embankment, the cycloned sand may be
-compacted by rollers or equipment travel

_ dependmg qpo,n the design den51ty

~this method of con struction, a water storage
©dam or pervious penpheral retaining dike

~discharge point may be moved in ling form-

i -_,,ing a ririge along the highest elevataon ofthe
dlings pile, As. the tailings cone eventually :
‘puilds up, the point of discharge, must be

d along with the ramp supportio
harge line. To obtain th

"'3::..'f-?'being discharged' several polnts of- dis?“
“charge :are established to - maintain the

:;;n} MAINTENANCE

- range from a few. years to as’ ylong as 100
. years, durng the’ eriod of time many
.:lchanFes can_occur that could foct the

and.

ope;a,tions
‘nearly

-are ‘always -

eparable parf of disposal and
amtenance -without prior
- “Therefore © construction

_ operatlons,
_:mamtenance

and ln&pev..tl()n

: embankment

_repair

“and' “the -

cement design. drawings should be. kept
. ‘onvhand at all fimes, : :
__i3. ‘Maintenance In Conjuncuon Wxth
Operations :

logit ‘.n.eces‘sary to produce the. desired ' -
‘§lop§s Contmulty in mspect;on is roqulred
' :‘to‘achleve the desired results ' L

.,_-Sirice the 1ife of a tallmgs dam may‘ .'

“include
“diversion ditches and other flow channels,
~ repairs of eroded areas and re-seeding of
disturbed ‘vegetated areas. Major repair
~should be
. maintenance connected with dmposal and
~embankmenl con struction operations, The
“conditions causing the problem of the
~continued maintenance and repair should
be investigated and correctwe measures_'
. _mplementtd ‘ :

ity of the embankiment. Since tailings
embankment.

are all

inter-related functions necessary to produce :
and perpetuate a successful tailings disposal .
operation.
. ‘maintenance programme should be initiated
. at the begmnmg of construction and

" ‘operations and - carried out

A continuzous inspection and

into
rehabilitation and, abandonment stages .

SR -2 Records A
~witha' holdmg pond for treatment of runoff -~ .

~'is_required prior to deposition of tailings.
“Selecting the proper . location for the dis- -
charge point is -important to obtain the:
- “'desired spread of the cone-shaped pile or
~failings. Depending on the topography, the .-

Tt is essentlal that accurate records be

- kept during the construction of a-tailings
" dam such as embankment contrpl tests
density and " moisture and maintenance

record.. The will be. used for backu

}monitormg of the dam and will provide
“.yital evidence of the performance of the
*dam. These records should incjude repair,
: _replacernent or substitution of cyclones and

constructxon 1u1pment _
. Embankment repair, decant or ont

illway and channel repair, erosion repair,
ushing - of . drains, ;should be recorded
giving locatlon .of the-maintenance and
ade and expiajning in- detail the
adopted -~ and. CORdltlQnS
‘actiontaken. -

cord. will help to identlfy the
ollution control measures or

“other

?whotever, other factors leading probably to
the eorrect assessment. of the failure. A

smplete set.of "as built" workin g drawings
predoposmon “tailings

-Minor ma1nfenance work should ‘be

:'Qj'_j_.': ,:undertaken on-a continuous basis to
" minimize the occurrence of major difficulty

and the resulting higher costs for repairs.
This maintenance during operations should
removal of ‘obstructions. from

distinguished  from . routine

the

et repair, -

a~
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: "é;}impeetimm

i Regular tnspecttons are ‘means by
: which satisfactory. construction and opera-
“tons are verified and assured and should be
a part of an active tailings disposal opera-
tion. The daily inspection should include
the spigots or, cyclones, decant lines, the
- position of the water pt}at in selation fo |
decant.or the taltings area bounciary, eler
o of the pool in relation to the crest of t
retaining embankement, presence of Ay new

wet spots on the' embankment slopes, abut-
ment contacts or at the toe of the embank- -
~ment and any changes "in the. quantlty

-,and/ or. ciarzty of ﬂow from drams
P High - ‘embaikinent

'-tlj'eoroizghly Inspécted by a8 competent en-.

 gineer at least twice 8 year during the active
life of the disposal, facility. This inspection
should include a review of the maintenance
records and an analysis of the embankment
.}-perfonn,ance &s indicated by the periodically

ring. these' visual tnspectlo';
‘-.ttc'_ lar attentmn_should be paid to t
_'-to*wing :

i 'presem:e of crucks o on the stopes themselves,

g _:';'_:.i.;\') “The | presence of cmcks in'the soll at the toe
+ o -of the slope iand any visible displacement
“{either honz.ontaliy or vertically) of solution

- slopes;

: C) - Any Visible'saggMg of Ihe creﬂt of the stope__

I orbulgmg attheloepf the slope; . .

; -d) The visible emergence of eecpage al the toe .
- . of the slope.. This would be indlcated by

i wetness of the surface, losal concentrations
of plant growth OF excessive ¢
Lﬁ!Op;?U ace. =

I‘he appearance of any Qf these wam E

ing slgns is a strong indica ‘tion that the
slope may be unstable and that remedial
measures may be necessary, S

. materials.
o tested fer «density, shear strength. and
"jncql)esmn,.; With this data, a facfor of safety
alculated and by projecting the -

~scan_be
* ‘slopes ¢
'-'surface,
~ the’ ultimate ‘helght. if the unsatisfactory
-'*stabthty ‘condition is

of

- ) The pxesence of crecks pqmllel fo. or
“transverse to the aest of the slopes or the .

contro] ~:the
. precipitation.  Precipitation falling on the

or drainage trenchea ot the toss of the_‘

if a talimgs dam has been desigm’d for
a total height of 150 m and every thing has
'progressed satlsfactonly to & height of about
60 m, a8 ‘thorough investigation of inplace
conditions should be made by drilling, sam-
p!mg and testing of the embankment
~Undisturbed samples can be

he embankment and the phreatic
a factor of safety canbe obtained for
fmc,cagt, design
“modification €an’ be made to imprave

© . stability. If necessary, the ultimate hetghtof St

ehou]d bﬁ - the embankment may be re duced.

-_45 Ctmditiozw that Could Require i kel T

Remedial Measures -

" Some minor. deﬁmemtea can, e
provtded for touting -maintenance, but
all

“vecorded readings of the Instruments in-.
"e lied in the embankment and: feundation,___}. - ROULe

7 (a) SURRACE DRAINAGE From tF the stami[mmt NRRERES
tabxh_ty and. economics, it may be: -

le to centrol the amount of snﬂow

te eaves a tailmg structure

ere is not much that can b< done o
inflow - uf ‘water -due to

slopeof-the embankment, if not coliected
and conirolled can cause severe erosion
problems ‘due to highly erosive nature of

: many tailings embankment: ‘materialg.

A tailings embankment built on a fat
':ground will have no inflow from surface
run off, A side tailings structure w;ll have

L no mﬂow from sur face Fun off,

“The embankment slope lunoff may be
contmlled by Constructing berms on the face
of the embankments and stoping the bermg
up steeam to collect the flow in drainage

. ditches on the inside of the berm surface.

-~




M,
Q5
""*:é

The . drop pipes preven! excessive

- slope runoff from accumulating in the
collector ditches and overflowing the outer

~edge of the berm creating erosion channels
pn the face of the slope. The berm grade

st be maintained and drop pipes and

‘berm collector ditches must be inspected
N (espec;ally after a heavy rain) and kept clean

and free of weeds and ather debris.  If

_erosion .on the surface of embankment can
" “be controlled and the soil pH or hepvy metal
content does not creatﬁ k) toxic sztuanon,

'gmwn_pn the ﬁiope

o U ¢¢essary surface runoff into a
“tailings' area should be prevented by use of

“diversion ditches and culverts. The control,

- of the maximum potential runoff volume
.;jshouldbe lndudEdmthedeS!gn Rk

(b) SEF.PAGB The height and position of
-g;seepage aprfaces must be .observed by
~means_of piezometers, It is. usually con-
“yenient 1o install stand .pipe piezometer
“pnee the dam has reached to a certain
'z'-height
-'i';tended if necessary by adding sections of
tubing at the surface to increase their height.
. Stand-pipes are .usually installed along a

section " normal to the slope of the dam at -

critical points' for stability. A" sufficlent
< nimber of stand- pipes must be installed to
" enable the seepage surface to be determined
“accurately and to pick up certain critical
" points on the surface, such as the height of
 the'seepage surface adjacent to underdrains
-gtc. The stand-pipes should be installed in

A ."_sible at all times.Suitable locations would be
*_:,-Ion dwidmg walls or slmnar prommences '

As an “alternative to stand ‘pipe
types are.

' piezometers, several other’.
“available. For example, twin-fube hydraulic
_plezordeters,  pneumatic . piezometers,

'~ vibrating wire and strain-grouped dia
' "phragm plezometers may be more su!tab!c

ﬁi‘grass o1 other natura{ vegetatlon can be, :

“water to the seepage area.

The stand-plpes can then be ex-.

ek

y .{.‘:k‘lfi.;_g Vixﬁ 5411#‘& fFE .,i)f.\j

for specific applications. They use
hodzontal connections and avoid difficulties

of maintaining - -verfical ‘tubes  during
cogstmctmn | ‘ '
’F.hara_‘__ may g caseh. when

unanticipatéd” seepage develops for which
design and construction has not provided

for the safe handling of the excess flow, or

the velocity of the flow is high encugh to
create a piping condition, or the volume is

- excessive and of such poor quality that it

degrades the drainage or ground water. In
such cases, remedial procedures must, be

“implemented to correct or sta,blhze the

conditjon

The most immediate procedure to be
implemented is to reduce the supply of
This can be ;
effectively implemented if spigotting . o
cycloning can be shifted to a stand by pcmd
or a distant area 'within the same pond

Seepage that cccurs on' ‘the’ down

‘stream slope-of the embankment is uaually a .
~ sign of high, phreatic surface which may

have developed because of low permeablhty :
of the starter dam, inadequate drainage,

stratified construction in the embankment or

spigotting toe, Jong in one .area, Thls
condition can_usually be stabllnzed by

- constmctmg a buttress against the down
‘stream . slope  extending hlgh enough to

cover the. Beepage area. . .
To be successful remedtal measures

* must lower the phreatic surface and increase

§ © stability.
-positions where they will be readily acees- -

Seepage along plpes through
starter dam embankment is difficull (o
control.  Gonsequently, seepage rings or

" cutoff collars should be. properly installed
~and’.backfll

around pipes must be -
adequately compacled durmg constructmn ,

- (¢) sLore stapitry ;- During inspcctlon and

maintenance a slope stability problem may
be encountered. The stability problem may

‘lmvolve esther a ma;or portlon of the mam’_i
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Motericl-removed from ercal ueud

Fiationing the slops by removing material
e : Lo L L gs buitrass on toe

- Drolnage
[ blonkst -

. yConstruction ofo buttress to
/ incraaes resistingmoment. .
Drainogs system o prevent o buildup '~

of the water fable in the pile

7 §lope topravent o
© . eroslonfromsunotf . .

“hoth sides and tis Into

‘hilside draln

 Figure- 13 _Basic _modification methods
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- embankment or a minor focallzed area. The
first step is to implement measures to
: reduce the water that may be affecting the:
~area. Construction measures that may be
employed to stabxhz.e a slope are :,

of. the slope and keeplng the

ig. i%‘B) Removal of the

mat_enal reduces the sliding force and plac- :

iu) Reducmg the hexght of the embankment "

(vefer Fig.13 C). Material is removed and

hatled away and teductlon of helght wxll_"'

increase stability.

w) Constructmg a buttress from_available

- mine ‘waste, cycloned tailings or borrow .
matenal (Fig.13D). If the buttress material i is

notsignificantly more perviou hz
bankment toe, a drain blanket:or ¢

tem must be constructed under the buttre_ S. > ,"‘;n'n'gs, so that the hole is properly filled and the

- water hghtness is restored. If the pulp contain
The lnstablhty of the ..»chemicals which attack the concrete, the col-
~lectors and towers must be chemically resis-

(d) D}:CANT 'rowens
* decant towers is due to weakness in-their -
foundatlons and -connections to the collec-
- tors. it may also be due to unreliable closing

: of the splllway opemngs Tallmgs may flow

: :able,
towards the bottom af the siope _“Separate

- {e) éOLLEUORS
zingit agamst the toe mcreases res:stmg fur- :
: CeLen o et manufactured. Tallmgs pulpbeginssto seep

" through - cracks
‘_"gradually, a large amount of tailings are
" washed out and big craten, may be formed
- in the impoundment.“ Jf a crater is formed,
- the washing of tailings through the collector

through cracks and unhghtly closed 0pen~_
ings into the “collector. _
form endangering the security of the whole

___-_dam These defects_ cannot be repaired, since

onents lie un er'water
-sat n order to avoid s .
failures, the towers must be strong and reli-
und foundations.

-erected on

"The spillway_ '.

Fallurea mdy occur if the
collectors are not properly designed and

these cracks -enlarge

may be stopped by dumping large amounts
of gravel and straw into crater, *1f the rup-

. bured collector is visible in the crater, cement
- bags mixéd with sand should'be dumped into

and-again followed by gravel;sand and tail-

tant or should be otherwise protected. The
same applies where thin walled stee| tubes are
used-in the construction. b

Large cratersmay :
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TAELINGS DAMS IN INDIAN MINES - CASE STUDIES

1, MINE ‘A

- The talhngs dam of the mine is located'

about 9 km'away from the mine and 6 km
fvpm the plant. The mine is worked by

opencast. -method and is in a hilly area

whereas the plant is lTocated in plain area,
The nearest river is:3 km away from mine

and plant and 7km away from the taxllngS;_ L of the dam s SOyears by

dam

The tallmgs is transpox“ced in the forrn

of slurry from plant to tailings dam through
a pipeline., The specxﬁc gravnty of slurry is
2.86 and normal particle size is 48 mesh at
_ the rate of 2.5 m/sec and occasxonally par-

3 _ticles of 'size 28 mesh is transported at the
‘rate of 3.0 m/sec. The physmal and chemi-_
" cal composition of tailmgs is given in An-

,nexurel

‘The rate of generatlon of tailings is
-'about ‘1.58 million . tonnes per month i.e.
about 19 million fonnes per.annum.  The

tailings is génerated after froth. flotation of -

copper from the slurry fed into Rougher

and Scavenger cells after grinding and is

not treated; further-and directly pumped
to tailings dam, ‘The storage capacity of

¢ the tailings ‘dam is ‘88 million tontes.
-~ There is an R and D .laboratory to cater -

uirement ‘of meteorological
The. tailings dam -uses both

to the re
services.

upstream and down stream méthods and

the slope of embankment is 1:3. - The
necessa?v tests for stability "and firm
ground for-

out, The embankment material is tailings

which has already been tested for the .

puipose. There is a seepage problem in
the area and to prohibit it, filter drains are
constructed jn the area. The starter dam is
constructed on the tested ground and in
the event of rise of the height of the dam,
- the pmvrsion is kept at the plannmg stage

~ mine and plant s, about 40. years.
construction have been carried =

“ardous for land . disposal.

'The s'lur'ry.taiimgs' is - freated by

. cyclones and thickened tailings is used for

embankment and water is reused for plant.
There is a problem for using the tailings for
embankment for which consultants have

‘been approached to suggest “remedial

measures.in order to overcome backlog in
dam build up. with cyclone slurry The llfe_

" No plantauon has been carned out 50
far However, after closing the mme/ plant,

© itis planned that soil will be spread over the

entire area and plantation will-be carried
out. Insp far as- vegetatlon or for.use of land
for agriculture, no. testmg of soﬂs has been
carried out. SRR

2. MINE ‘B’ _ . A

The mine “is. worked by opencast
method and is almost in plane ground. The
plant and tailings dam are located about 0.5
km away from the mine on.a plane area.
The nearest tank is 500 m away from the -

mine , 800'm from plant and 1 ki away
from the tailings dam. Nearest riveris 1km

,away from the mine and 1.5.km away Emm'; |
the plant and tailings dam. No forest area‘ls

nearby the mine or tailings dam in about 10~
km radius. The total population. is 7,000
residing within the radius of 5 km' from
mine, plant and tailings dam. The life of the_

~ The tailings is in' the form of slurry
which contains 30 to 40 percent solids and
70 to 60 percent water. The part:cle size is
100 microns. The specnﬁc gravity is 2.8. The
tailings contains iron sulphides which is
susceptible to oxidation, creating consider-
able acidity in soils and water which is haz-
From plant
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disposal tailings and at the tailings pond’s
tailings, there is no such change in physical
properties but in chemical properties there
is'some change at about 10 percent. The tail-

~ ings is generated at the rate of 180,000 cu.m.

per month, say about 730,900 tonnes solids
(1,980,000 cu.m.) in a year. After thickening
the slurry, tallmgs is pumped to neutralisa-

non tank. In neutrailsatwn tank, lime solu- -

tion is mixed with agitator and pumped to
tailings - dam, R and .D work is under
progress to recover the metal from the tail-
ings. The water from tailings dam is not
used for . domestlc purposes However,
reclaimed . water “recycled  back:

- beneficiation plant for reus¢. The Pro;ect IS
designed on zero ~discharge condition.
About 50 percerit water requirement, of the

plant is met from the water recelved from‘

. tailmgs dam.

" The storage capacity of -the tanlmgs.
dim is 4,370,000 cum. and annual require- -

ment i 900,000 cum. - To carry out the
climatic/hydrologic - studies, .- monthly
monitoring of piezometer water analysis is
done. -Five peizometers are installed in
. down stream side of the tailings dam. There
is a seepage problem at the sides of the em-

bankments but ground water table is not af- -
fected as the water is reused/ pumped for

plant

The area of the taﬂmgs dam is ex—"

plored by d_nllmg to find out devoid
mineralised area. The tailings dam is con-
structed on the non-mineralised area. For
the embankment waste rock of the mine, top
soil of preproduction is used along with
sand as these materials are economical. The
upstream and downstream methods are
used for embankment. The slope of the em-
bankment for upstream method is 1.5:1

whereas for downbtream method the slope

is 2:1.

The dam section is designed "by
consultants. The construction will be taken
into three phases. In first phase its area will

" scrapped for 300 mm-and .

“mesh particles of lead, " zinc,

cover 151 725 cu.m. (6.0 m hlgh), in second
~phase 33,000 cu.m. (16 m high) and in third
phase area will cover 446,775 cu.m. (24 m
~high).

Before using the material for the
embankment viz. mine waste rock has been

“tested for its strength. There is a seepage
. problem . at

embankment . sides. ... For
construction of ‘starter dam the area -is
for dramage
is_-provided.. - The
decantation - well . with

system, toe drain
provision - of

submersible pumps is also made. There are.

three decantation wells in the down stream_
side of the tailings dam. : S

“The ‘water is not used for domestlc:

_ p.urpose but reused for plant only The

water has been tested and found fit for plant )

‘use. The tailings is disposed. by’ spigotting. - -
* The life-of the tailings embankment is 25 .
~ years.

The embankment area is mspected:
regularly. The momtonng of watet level ls'_
bemg done daily. : . >

The tailings dam is hkely to be ciosed:

after 40 years. -The reclamation of the tail-: .~ - -
ings dam will be done by sPreadmg top soil’

over it and then afforestation. ‘Afforestation "
will be camed out after closmg the dam EC R

3MINE’C' . L .
Tallmgs dam of the mine . is 25 km_

3 f’away from mine and plant, The mine, plant

and tailings dam are all on the plane terrain,

“Irrigation ponds are at a dlstance of one km

to 3 km from the tailings dam, one km from
the plant and 0.5 km from the mine . itself.
The population in the vicinity within 5 km
radius from mine, plant and tailings dam is
about 10,000,; 7000,; and 5,000 respectively.
The mines, plants and tailings dam are
almost in the forest. The life of mine and its -
plant is"about 20 years. Nature of tailings is
in the slurry form. The.slurry mainly
eonsists of 90 to 95 percent: of .minus 400
copper,
copper-pyrile which varies with rock matrix
of calc silicate and graphite mica schist
minerals. The chemical compaosition of
slurry is as follows :
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Lead{Pb) 04 to 05 percent Zinc(Zn)
1 10 1.2 percent, Copper(Cu) 0.04 to 0.6 per-
cent, Iron(Fe) 7 to 95 percent Insoluble

Suspended Matter(lSM) 65 :o 67 Percent : o

Slhca(SlOz) 44 to 48 percent

ln the mlll talhngs the componen!sk

which_are potent:ally hazardous for:land
disposal are of two types namely ) Heavy
metals like lead, cadmium, copper and (2)

residual - chemlcais_ viz Xanathate, Cyrude_

. and chhromate

The phys;cal p'ropertles of slurry ta:l-._.

mgs areas. follows

: _gravntySl

| tonnes perday.

‘ tVolume of talimgs at ; lant and talllngs- dam‘_"‘,.

: ‘ls as follows

At plant

_ “To ta:hng ldam
175,800 '}.-_;'-;-' 50,000 - "
+.cum.pgr month cum, per month
2,100,000 000, -

- cum, peryear

L Ta:llngs are ongmated at concentrator
These are classified in mine fill plant where
fines are separated out for ultimate disposal
to tailings dam. Coarser material lS sent to
- underground mine for back fllhng

g ~Out of the slurry tailmb whlch u..
FR pumped into tailings dam, only ‘water is

recycled for use in the plant. No process is

-adopted :to recover - any material from .

tailings. Neither - -any air pollution control

- device is réquired to clean up the effluent . -
nor there is any . necesalty to clean- the -
.lailings dam “through pumps. _
tailings dain/embankment after raising to oo
full height is expected  to be about 20 yeam SRR
‘Ruutlm. CheLkups arcs.dmed out, - T

tailings before its discharge to embankment.

‘Water which is_recycled is not used for -
drinking - purposes by hunwn/dnmesugi.
Recydcd waier ls__

_ ammals/wnld amma!b

“consultants,

e, peryear S

-water is used by plants.

. used only for plantation and ijis datly
o _requmement is about 600 to 1000 cu.m..

Talllngs Dam embankment/ 1mpound-i

. ment is havmg its storage capacity about
"___:‘__-'%000000 cu.m. Annual tallmgs generation
- is about 300,000 cu.m.. The area is fre¢ from -
- stormy zone and heavy rainfall. Before the
;'_-cunstructwn of talhngs dam, soil from dam’
_ siteis subjected to various standard tests by o
:Environmental Management -
.- Plan was also prepared by consultants. The @ - -
-resulting data from above studies is used (o 1o
" design the said Tallmgs Dam. Seepage from_ .~
:+the tailings. dam is ‘negligible and. studies. -
" -are underway for: momtonng its effect on®
"+ 'water table.. The area is free from seismic

' ' : ' Soil/sub surf f the taili dam”
_Bulkdensuy 1600kg/cum.,0ndry1ng3to ‘:____zone oll7sub surface of the tailingsdam

‘ ‘site is. tested. - No material other than local
5 contipose af 401050 percent sohds spec:ﬁc B n er than local

© 'soil is used for the constructlon of emban}@ L ;
' f».ment bemg economxcal o A
‘Volume:of talhngs generated is about 3000 RO

ng Dam/ embankment

results - .were

The -dam is

Initial conalructmn of

The life of

B wnh the; S
.fsiope 2:1 is constructed on stabilized soil; .
. section for which bearing capacity test was ..
" ‘already "carried ».out _and- o
~ satisfactory. " The total area. covered by the. .
'+ 'embankment is about 60,000 square metre,
: -_Proposed hetght of the dam is 10 m. No..
~-drilling is carried out to test the firm ground IR
© before construction, Factor ofsafety of 1.5is . ¢
_considered for dam height.
" from seepage problem and free from any
~possibility of flood effect,
- provided with storm water drains and 100 .. ° N
© m long gravel sand filter. Water is all()wed_g-_ R
to seep through filter bed, . EUSEREN W,

Dam is free

_ dam' was_ SO |
impervious benching upto 30 cm. and was | )
carried out on surface of the ground. Sand .-

“filter bed and necessary drain outside filter .- 0
“section is pmwded for decanl water, Decant . . o

At plant cyclone, 0.
over flow is collected into” tailing thickners ...~
‘and thickened pulp is then disposed of to -
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Deficiency observed There is uneven ﬁlhng

of tailings inside the dam.

Remedial measures_taken T_ai'li_ngslfrom

aaintain water free ﬂow tov-ards E}lter bed.

Area restoration : 90 percent of area can be

restored by vegetation afer closing mine or - fon is carried out. The daily requlrement of SRR 1k

Plantation’is possible by laying 0.6 m':';. water for beneﬁcnatlon plant is 22,000 cu.m.,

plant.
good quahty soil layer on top. surface. '

Stability . (1) Physically, dam is btable and‘_
till now no'adverse chemiea! effect has been 3

observed any where.

(2) Plantatlon is aiso possxble on embank-.‘;

ment/tailings dam area.
4 MINE ‘D

constructed on plane ground The distance
- of tuilings dam from mine is 0.5 km and 1.5
kin away from the plant. - ‘The nearest water
veservoir is 0.5 km away from the talhngs

vegetation is 5 km

mme/p!ant /talhngs dam The life of the
mine and plant is about 20 years based on ..

the rate. of production.

" The nature of tailings generated is in
the forin. of slurry having solid contents
aboutt 10 percent, The size of the particle is
minus 325 mesh. The tailings contains 45 to
50 percent Fe, The tailings is in the form of

tially hazardous for land disposal, as it
forms thick layer, thus reducing water hold-
Ing capacity and nutrients status of soil. The

pulp density is 1.08 and having speelﬁc_-'}“

gravity of 3.8 (sohd partlcles in tallmgs.)

There are maximum .one, percent

change in physical properties and maximum
4.5 percent change in chemical properties of
~the tailings at the plant and at the tailings
dam.  About 60,000 cum. tailings is

_.generated per month i.e. 675000 cu.n, per ..

annum. The tailings is generated by hydro-

~cyclones and recuperator of washing plant .
the discharge points are bemg rearranged to . - 204 intercepted for treatment near tailings . -
‘pond. The water recovered is used for plant
and the tailings is used for restoration of

~ land in mined out area on which the planta-

The storage capacnty of the embank-

. ',_g.ment is 3,400,000-cu.m. Whereas annual dis-
_-posal of tailings .
ailings is discharged in abandoned/ex- =~
. haused pits which are synclina) basins with

L ‘__‘.magmferous clays as footwall which is total-. . .
-, 1y impervious. However due to talllngs, no.‘_ _

' S -ground water is affected. - S

The mlne is located on hummock ter- R

*vain whereas plant and tailings dams are

is 700,000 cim. The

- The talllﬂgb is dlSpUbEd via vertex

time of closing of the tailings dam most of
the area will be restored. The life of the

\ . . e . .mme/ 1ant is 20 ears.
micro-fine inorganic particles’and is poten- P ¥

" Once the operating p:t is exhausted
- extensive plantation programme will be.un-
dertaken by backfilling with laterite and top .
'soil.” Vhe restored area can’ be unlmed for' R
'*-agncultural pur pose. A EHEN MR
‘After. filling the tatlmgs dam oneo'f.___-
imetce laterite. capping will be provided.. .. .
After proper pitting for using top soil plan- . ... -

tation .of suitable species will be taken up
and grass cover will be provided. Planta-,

- For embankment ciay matenal W|th R
aterite pltchmg is used, which is obtained - -
from mine. The centre line method is used - - 0
.. for embankment. The slope of the embank-"" . - -
“. mentis 30 to 35° and the area falls underthe ...

.= heavy rainfall zone. As such no starter dam
dam. About 1,000 people are living in the s eo)rzstructed The abandoned/exhausted
vicinity of 5 km from mme/plant and tail- S pitis used as tailin ond : .
ings dam, Forest which is moderated with P EF:
‘away from the.__::-' E
finder of cyclones, Flfteen primary cyclones
of capacity of 80 cu.m per hour and sixteen
- " secondary cyclones of 80 cu.mn per hour .
*:.capacity are deployed. ‘At the embankment,

: ;_a_ll safety measures are considered and
water level is monitored every day. At the
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tion will be carried out to prevent erosion of -
laterite and top s0il will be spread for physi-_ -
On._.the embankment.

~ area(slope) As.cme, Adeyliformis Acada

-cal stabilisation,.

and cashew are grown

;'EWNEE e e
The workmg of mine 13 carried out by
_ underground method, Tallmgs dam is lo-

Ccated 2,0 km away from the mine and plant..
~The mine, plant and tailings dam are located

in hilly area, The nearest river is 1.5 km

- away from the mine/plant/tailings dam, -
The popuilation within the vicinity of 5 km.
. of mine/ plant and tailmgs dam is about -

- 20,000, - The life of the mme and pJant 13
':‘more than 40 years, S

_ " Tallings is generated in the fortn of
- s}urry Alkaline around silicon ore slurry of
around 15 percent solids is generated.

- About 80 percent of tailings is of minus 325
The tailings con- .

tains. manganese and radio-nuclides which
" are harmful for human beings.. The specrﬁc;

' ‘mesh (44 microns) size.

gravxty of the settled sohds of taltings is1.4.
" There is narrow change in’ chemical

properties of tailings discharged for' this. '_ '
P P g B i .mspected If necessary, remedial measures .

are taken for the safety of the embankment. f i

- It is found that safety factor is less &t the
"+ ‘upstream method and hence down stream = o
Further, -~ ]

' plant and the tailings. on the tailing pond

The tailings is generated @ 30,000 cu.m. per .
“month i.e. 3,60,000 cu.m, per annum of set-.

: jtled solids. .~

“The talimgs is generated after dlges- ‘
- tion of the mineral and secondary filtration, -

Liquid after ion exchange i.e. after separa-

- tion of mineral (barren .liquor) is. tailings.
. The_  water js not used for drinking pur-
S -poses however, the recovered water about L
FR 1 200 cu.m. per day is used for plant '

Before dlschargmg to the embank-
‘tailings is treated.

dem is negligible. The area falls under the
- Seismic zone lias per 151893,

- was
;,\present :
. - :slope 0f the embankment of up stream is 1:3
o and 12 at downstream.  The total area
" “¢overed for the embankment is 47,000 cu.m.

tests have been carried out,

_wnll be covered by top soil as a final close

‘measure The area of the tailmgs dam.-r_;" B

o ~The storage -
" capacity of the. embankment is. 7500000'
~eum. The annual requirement of holding

capacnty is 300,000 cu.m.. The seepage prob-

For the embanlunent, sand, earth and
shmes are used Earlier, upstream method
d.:for embankment wher eae at
centerlme method {5 used.” The

and height is 22 m. While using the material
for embankment’s construction, necessary
“There is a
provision for drainage system and hydraulic
structure like spill way and decantanoo

‘wells are also provided

The starter dam is constructed Wthh_" :
is lmpemous in nature. The area of starter -
dam is stnpped upto OS m. Reinforced .
Cement Concrete lime pipes are used for
decant water. The decant :water is  again
treated in effluent treatment plant and the
effluent is used partly in the plant. Tailings

Jis classified by hydrocyclones and the .

coarser. fractions are used for back filling in

the mines, Fines are sent for lmpoundment
‘The capacity of the “hydrocycione is. 13{]‘_ c
'cum perhouratSSpercentsohd o

".The embankment area is rer,ularly

side has been ‘strengthened, .
embankment is made by centerlme method

“The top of area of the tailings pond "

cannot be used for plantation or for

' vegetatlon of agnculture use, Ptantatton of
- trees and bushes is on the tatlmgb

end of the life of the tailings dam, the aréa -.
will be topped by soil and stab:]tezztion will
be made. The plantation/vegetation of ihe.

embankment area of the idlilﬂgj“a ddin lms' o

already been done

At the.._‘_;- i
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6. MINE ¥

“The mined out ore from various pxts is
ta“eated in a single beneficiation plant and
also there is only one laxltngs dam which is,
Iocated between one to. lhlee kjlometres_,-_

= from varjous pits.

hilly. The beneficiation plant is constructed © . -
_at plane ground and the tailings dam is on . .
The nearest river is ..not *
perennial and is about 1 km away from the
beneficiation plant and 2 km from the -
tailings dam. “The population within the “
vicinity of 5 km radius of the p]ant/mme

~hilly terrain. -

. and tallmgs dam is 25,000,

11,65 t0 1.80 cu.m per tonne,

particles. Al the constituents of the talllngs'

'ale msoiub}e in water only sluny needs

_of sohds m tailings slurry

- properties and chemical properties, there is
‘no change at the’ tai!mgs of beneficiation

o plant and tailings dam. The rate of
~ generation of tailings is 3,300 tonnes per

g ‘day. At this rate, monthly 80,000 tonnes or -

-say 1,000, 0(]0 tonnes per annum, tallmgs is
"g,enerated et ek e
' ._Tailmg_,s is 'geherated
'beneficiati_(_m of base metal minerals at the
plant. ~ After recovery of base metal
concentrate, = the . unwanted _remaining
- non-sulphide  particles having mainly
“gangue is. considered as failings.
tailings dam, the

"-'plant saplings at the old. tailings dam.
- About 3,000 cu.m. per ‘day water is reused
by the beneficiation plant,

. assay and Bio chemical Oxygen Demand of'

_ "Efﬂuent shnws that it |s not harmfui

: -capacnty requlrement

ln the physwal _

: method is adopted

'after | the' ~ drilling  has

In the

- talhn;,s slurry is being’
“allowed to settle and entire water is reused
“by the beneﬁc:atlon ‘plant and watering the

From the bio-
g type

o _constrvctmn

The storage capacity 02’.'°tm

,enﬁbankment is. 10.35 million tonnes &z

against 1 miliion ‘tonnes of the srnual -
“As the taaiinga ‘dam .

“was constructed about 20 years back, l'he'

The ierrain of the area js . “ climatic and hydrological studies have not

- been carried out for the ground where

'tallmgs is stored.

C!ear water is bemg ai owed from sade
wears/ﬁlter bed/ hume pipes, The entire.
filtrate is being reused in mlll for beneﬁcn-_

" ation by mamtammg zero dlscharge and
. thus unpact of dam on ground water is very
, . little,

“The tailings is generated in the form of
_ slurry havmg pH 7.2 value. Bulk dens;ty is

“The talhngs'_'_ .
‘contains 90 percent of minus 45 microns

The area has been expiored for the
mmerallsatxon zone in the ‘area of the

“tailings dam and found that there :is no
- mineral under the area. For the construction
- of the dam embankment, _
from near by river, waste rock from mines,
‘hard soil, top soil, cement concrete storie, .
‘steel and tailings undemde so:k and _down L

51de waste rock are used

For the embankn ent downstream'

been

confirmation of firm ground. . Therve is

possablhty to increase. the lxelght of the ddm .

by7morso

ln respect of safety, comultants werc.___ i
enbaéed and it is construcled as pe their
_deszgn B [

There is a pmvnamn uf dtdmager
byblem

effiuent. The starter dam is of 1mperv10us

‘sand and gravel

_The . slope of the . . >
‘embankment is 1:2.5 upto 30 m height and
. 1:2 above that The proposed height of the -

“ . :dam is 45 m. Before constructing the dam, -
carried out for -

Decantation wells ‘and siphone
- systems are provxded to l‘t.COVCK‘ water__.-_"-

Nominal bt!‘lppmé is made for the___.;::
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‘Daily inspection of the embankment

area is made and recorded. Any deficiency

Eound Is rectified on the pnonty basis, -

The td:imgs dam will be reclaimed
with top.soil. and.;p)ant saplings after about
10 years as the dam is likely to be
closed.. As_ the. lings -has no nutritive

va!ues, there. is no_possibility of using ‘the
ground of tallings dam for agriculture at
present. However, top soxi cow dung and

. are. essentiai for plant are also
- -'tai[ings SRR

nu ‘try after few years. The top

' he - mining s camed out by
; underground method. “The ine, plant and
- the tailings .dam ‘are 1 oca’ted on the plane
ground “The-distal

_from the plant. The nearest river is abouit 20
- 'km from the mine/plant or tailings dam.
* The population within the vicirity of 5 km

radius of the mine/plant and tailings dam'is

50, 000 approx1mately The dmtance of forest ‘

anted and also 15 hectares 0 grass

sion of the soil due to air will be .
| by grass and pIant saplmgs The
e of the plants changes the top. -

o 'lmgs dam from
~ the mine is 200 t0 :5” m and about 100 m

from the mine/plant or tailings dam is
about 20 km. The forest is protected hiliock

- with thin afforestatxon The life of the mine '

and plant is 40 years. The area ls covered

, wnth biack cotton soil.

“The taxlings Is genEt‘ated 1n the powder |

a8 form. The size of the grain particle is, T8

micmns on a verag The tatling& D~ -
tains chloride biotite schist with quartz, The -
area covered under the tailings dam is 24
hectares=sand the proposed height of the dam
,‘*.For embankmeit of the’ tallings
m; aihngs 18 -used which 1s quite atable
However, no stabllity tests have been
camed for this purpose. £ ’

~There. is a seepage problem with the _

' ‘tallmgs dam area, tor which a trench is dug .
to. collect the seepage: water S -

,fore constmetmg the starter dam, no

The _otai suspended sohds in the_" |

.ta!lings i390; The tmiings is gen"rated after_'
the ‘extraction of precious metal fromi the =

ore, a large quantity of water s required at
the rate of about one tonne per tonne of ore

_treated. This wateris mainly ubtamed from‘
the. underground workings.

also requires the addition of toxic reagent
like sodiutn cyanide (NaCN) to the ground
ore. . The consumption of sodium cynide per

tonne of processed ore is about 0.5 kg After - -
reeovermg precious metal from the ore, the -

taiimgs in the form of silicéous puip along :
with - cyanide bearing waste ~water
containing 30 to 40 percent solids is pumped

through a 100 mm diametre- pipeline to'a
~_series oftalhng dump pits and is allowed fo o
‘settle ‘by spreading over the dump by‘_'_- :

formmg bands of settled tamngs

‘The process




- years.
- .-V‘e'inspected daily | and record s maintained
- regularly
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The starter dam is of pervious in
nature. The tailings is allowed to settle on

.+ - the natural slopping ground. The decanted
o water s used for beneficiation purpose
b 'only The tailings is disposed of by direct |

-pumpmg from the plant to tailings dam .

The life. of the embankment is 45
The embankment area js being

" area,

1If. there fs -any deﬁcxency,_
ry action is bemg taken promptly

£ afforested so far,
._future with low growth rate RSN
-BMINEH’_.' -
d method. -
metallic ore. One is High lntensxty Magnetic

Separanon(HiMS) plant and other is
Electrolytic. “Manganese Dloxlde{EMD)

Plant. HIMS is for beneficiation of the lower
grade metallic ore to very high grades The | RIS
* dam, - The tailings is formed in the form of |

process  involves “crushing,

drying,

conveying screening, magnetic -separation
and :stacking of different products. - The -
(i) -material -
prepa):ation by crushing and grmdmg, aiy-

_and minorquantlt:es of Fe, Al P
K. “The bulk density of soild partu:les of_ o

process _further includes

reduction. . -roasting, - -(lii) - Leaching

punﬁcation and ﬁltrahon, (iv) electruplatmg o
~and (v) product finishing washing, ‘drying -
and grinding. The water after cake washing -

- and -anode washing is discharged into
effluent collection pit. As such no tailings

dam is constructured at thé mine. Thereisa -
lime solution tank from which lime solution
is dlscharged to neutralisation tank and to -
settling tanks. = The size of the effiuent
" collection pit is 6m x 4mx 1,5m. Thesettling -
tanks (2. Nos) are of 6m x 2.5m x 1. 5m. The -

holding pit is of 2.5.m x 2m x 1,5:m size
The tailings/ effluent are generated at di

ent places ie washmg of flllerf__.

development. -
‘water is-discharged to nearby nallah. The

: 9 MINE‘[’ R

_ underground methods,  The tamngs
‘about 2 km away from the. ‘mine and -the
_L 'mine, plant and tailings: dam are lo

Hewever, 3
nd vegetation can:pe pr.,-,ssnble in 3

o dam ‘The poPu}ahon in the_ vielmty

There are ‘two. radiiis of mine, plant and tailings

'beneﬂcmtion'plants for..the -treatment of

7 thit mine . the mineral is mined by '

' the mme, plant and teulmgs dam area,

washing of anodes, neutralisation of EMD
flakes and floor washing, About 45 cu.m.,

- per day effluent is generated

“The, tneated water is: sent back for ﬂoor
washmg ‘and also | usmg?_for green beit
“The remaining part’ of ‘the

alternate arrangement has ‘been made for
setting tank tofacnhtate removal ofslud e

Tt is a very old mine. worke i.b

ted on

va y from the mine]j)lanf and

150,000, The forest is about 5 km avs}ay m =

. The un of mine ore is emshed and o
ground Precious metal assays 3 to 4 grams
per tonne.  After recovering precious metal,
the tailings.is disposed of inthe tailings

slurry The partlcle size of slurry is minus

200 mesh 76 percent and p]us 200 mesh 30 .

.i__Dz 50 t0.70.

percent ‘ ' _
cént, | :0 _0;percent .

Tai!lngs -contains

slurry is 1.5, The rate of tailing generationis -

2,000 tonnes per month and 333”. .t‘?i}nes_’. 2 ERR

per year, There is no physical or ehethiéalf__: i""
change in the tailings at the generation point. -,
and tailings dam, In the 4ailings 0.5 to 08+ -

- gramme per tonne.of precious metal remain - |
8 coptained and processing such. as heap - .
leaching and carbon i in pulp is being carried-.
“-out . for .the precious metal recovery. In
-addition to. this, sarbon.in ul) techmque ts
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- The tailings is neutrahsed to kill the free

cyamde, which was used in the plant for pre-
cious metal recovery froin' ore, ‘by nascent -

- chlorine, In all thideen taihng dumps are
' spread over 400

the dum range

lion tonnes of faili

‘failings are cyclone

ings dam and pulp

ater is sent to ta'il-

ctive tailings dumps. can further accom-

eclaimed and reused in the plant. There is

gical se

 carried out before copstruct m as the. .
dam is more than a century old. For the em- .

- bankment, tallings i used and alongwith
onsolidation . .benches have been

bankinent is 60°.. .

> AS the ground i8 very stable, no smp»
ng as been made for construction of the

ter dam. - The water is being decanted by

-+ gravity and is tested before use. It is found

‘contained in the water. Daily in-

& -apectlon of. gmbankment is being carried out .
- by maintaming record thereof and immedi-
'ate ateps are taken fo. rectlfy the difflcuities '

“No plantatlon or. afforestatlon is car

: __;ried out on the embankment or tailings as

the tailings on

- amined after the retreat
ried out. However,

percent area of the

- tailings dam can be.restored and used for

plantation. Afforestation work has been car-
' r:ed out on many other old dumps

d, The height of -

out 3B mil- pipel

. process requires large quantities of 'water
_and -the slurry tran3portat10n of ore and

. waste requires. Jarge f W

g -some of which is fost mto_th# sed.

are present, The

: is used for embankment 3
- Thecapacity. of tyclone is'30 tonnes per-hour.

te 10 million - tonnes, The water is 'quantlties ofwaste.To safely impo,__nd these___

ing the helght of the__‘__'_.;

¢ _min_e management h“-" ﬂ‘e“' own tiver valley, : The. esign.was.

sultants, . :The dam, was. theafirst - n the -

design would provi,

8 pantide per million free - settle  down quickly

~which -
-downstream However, in actual practice,

) P he' usefulness
of the area for agncuitune use, can be ex- -
nt‘of tailings car- -

10. MINE

- Low grade ore, on a very large scai_e is
bemg mined and the beneficiated - con-
centrate {s sent hydrauhcally over a 67 kn

istance to po :

quantlties E

'I‘he low grade ore’ ‘gen. rates. large, |

fme mmus 100 1 talli'

constn cted cmss the
ven chy con-

00 m and is comparable with

'many imgation and  hydrolitive .. dam
. projects in the’ country. It is also the. biggest

- ed with waste rock to homogenous earthern dam’ {withont -any -

flow of rain water The slope of the em- - rookdlll core) In the co‘uﬂn.try .and seefmd g

only, in the world,

- The task of designlng such a dam was
in the country and it

spread evenly and accupy the f;
area. It was required that the .
nd - not “remain s
suspended for extended ‘periods and flow |
out over the spillwayto pollute the river ‘K’
‘jolns  the river ‘L’ a!xghtly

after systematic sounding of the dam over -

the years, it became clear that the tailings ©

was not spreading towards the upstream

=',,side of the dam and -after -accumulating

towards the dam axis, the suspended solids
started flowing out of the dam across the.

spillway located on the dam axis due to the
force of the water in the. monsoon months,

It was therefore obvious that the vertical
capacity of the dam could not be utilised R
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fully before. undertaking next stage exten-_ tunnei located at a pomt_qpstream of the
sion of the dam height. This situation be- :
came cnucalr-after‘monsoons{ when only half

; ,r'ge aver exposed fill. Variousf" ':"‘.-"{i' )
Measuires- ‘however  saved the .
: decided after thlS mlshap‘ e

- --eReservoitCﬁ;PéﬁtYa‘ o
', different outlet levels . -

b - SRS . I

(i) 113millloncu mtr
7 (if) 133 million cu, mir, .
(i 245 million cu, _M,tr_.

' S TR A S F .'.mcllned Bhaﬂ RN

9 -,‘Total earthworkin LT 11 milhoncu m.
© embankment G i to o x

10, Lifeofthedam’ = o R oo o Dam is dessgned to holcl _
L s B 300 million tonnes of
tailmbs

18 70 square kilometn,-
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CASE STUDIES 63

Salient features of tunnel spillway of dam

1. Length of the main
tuninel,

2. Length of the lncllned

‘ shatt. .

3. Shape of the tunnel

4, ‘Size of the tunnel

5. Design discharge

425 m
3im
"D’ shaped.

o 400m X375m
. 30 o, per second

Design parameters adopted for embankment desxgn o L

a. Effective cohesion
h %Ie of xntema}

ction AR P
¢ Penneabfhty I
J Moisturecontent =~ -
¢ Bulk density (moist)

{ Field density of the .
compacted fill in the :
embankment should not be
less than 98 percent of

) 2 tonnes per square metre ";_31

”10' 10 10%m persecond
oz within2 percentof 0
- optimum moisture oontent .

'- i 80 tonne per cu.m, :

PR T

ﬂoctor densxty

‘:"MON ITORING PACILITIES INSTALLED
. 1. Twin tube hydraulic fype piezometers are -

_=embedded in the foundation and embank-

ter tips, 39 numbers of which are in-
:stalled in the section during construction of

- first stage and remaining 63 numbers are

mstalled during enlargement of the dam to
: ‘cr_eased eight of 100 m. The installa-
nof Jezometers have been done at two

are conveyed to two terminal
ructed on downstream slope,
7 led ln the

f ,_Tailmgs Dam. In all there are 102 .

water is belng used as cxrculatlon ﬂund in
the tubes, where P is pore pressure and H i 13_

the hexght of overburden above the tip, -
A digital read out system is mstalled m

‘place of the earlier conventional. system
- connected

with the brass manifold
operating pannel. The digital read out unit
indicates pressure in metre head of water
with a least count of 0.01 m. The pressure .
can be read accurately in digital units,
Readings ‘are being taken at interval of 15'
days and resulls are closely momtered ;

2. Selﬂement points SR T
86. number embankmeni settlement -

pomts and 14 pumber of parapet seitlement -
.-romts have been provided in the dam,

itia) ca- ordmates and reduced levels of all

ken and compared wilh lhe
check - any excessive
ement-in-any plane. One

_ __j percentsettlemeht imtially is allowed




Chapter «-‘7
ENWR@NM’ENTAL ASPECTS OF TMLEN@@ DISPOSAL

A GENERAL

: The public 1s more conscious of .
envnronmental issues associated with

resource developments. This has led to
“- closer scrutiny of mining by the -public,

.govemment and the respurce mdustry 1tself _

- The disposal of waste from mining
ns_and tallings from beneficiation
affects the environment both directly
or. indirectly. The direct effects are :

- large areas of land are required for disposal
et ents whnch do not blend with local

fl[utmn -and health’ hazards, that_ can

, —itmns, Jland disposal represents the only
o -ifeasible and. acceptab@e means uf tatlmgs

S .mtercept and dlvert “runoff fmm the 'uP'.": '

g p- "The in‘dlrect or :
con ary effects are the air and water -

' areas Thes includ

(e ‘_"'-__:-_(u) Conﬁtruction of An upatream- am

L

""--_'(n) LAND USE CONFLICT 1 Taximgs impound-

ments may occupy large areas and involve
the Inundation or displacement of natural

- ecosystem, agncultural land and human set-

tlement.

i EFFEC”IS o L ANNLD OR UNPLANNED RELEASE

ON DOWNSTREAM - AREAS, 't Su:,pended sedi-
ments and/or disso!ved salts in water over-
flowing or seeping  from - tailings
impoundments may have adverse effect on
the recejving waters. Lk :

. (iv) REHABILITATION OF IMPOUNDMENTS : Res-

toration of tailings lmpoundments to a sus-

~ . tainable and productive Hand tise is neces-

‘sary to minimise the
-‘degradatlon resulti
R xtailings '

i j)mper disposal ofmme ta}lmgs has
potenhaj to cause serious or even

ong “term land
'm::la_n;d_ di_s_p,usal of. :

~The solutlon of these prob!ems can be
very difficult and expensive, partlcularly in

'fmountamous, hzgh rainfall area..

"Yarious appmaches ‘may be lmp!e—_

j - mented to handie water entermg the ta:lmgs

1f_(1) Prowsmn of reeboard 10 provrde b}g-.f'
’ nificant storage capacity during the active .
life -of tailings retention system. with-an -
- overflow spillway to- discharge excess water

. For the ma}omty of mmmg opera- - during operation. -

After tailings dlaposal
ceases, the spillway remains to dischargein.

flow from the upstream catchment. . The .-
- .- spiil way may be desxgned to pasa the 1in

100 year £ flood event

atchment  and- dlschalbe.”lit_ _
ream oithe tallmbs embankmem i




ENVIRONMENTAL ASPECTS . = g5

' {iii) Construcnen of decant towem decant

':Zthe tallings’ pos to the drainage below the
_ tailmgs enba:‘km' R .

hgem_ent of tallings
ed to ensure _that

ngthe system to handle excess water. -

disp‘osal of talimgs from mmlng

:_where the rivers. are located n

| in disposal are;

rbldlty caused -by - tailings solids: -
- :8uspension ‘or burial caused by sednmenta»
- Honoftailingssolids, = ..l

(i) Changes of hydratilic charactenstlcs of
ver chanriels due to the accumulation of
-+ tailings solids .within or adjacent to river
- flow channels, These changes can intetfere

'ith irnganon system and aggravate fiood-
problems :

Eletanun;atlon of surface waters by dlS-
solved salts which can adversely effect the
prOducnon or growth of aquatic organ
-.-Jsms or, in some cases, may accumulate in
“gerfain organisms to levels Wh!Ch can be
harmful to man.

o (iv) Contammation of irrigation. waters by
suspended solids ‘or dissolved salts, which
‘may lead to reduced agricultural produc-
tion. : ‘

(v} Effects on the marine environment
. caused by tallmgs solids and dleOlVEd salts
-discharged by rivers tosea.

lverts, or siphons to convey water from

eration _wa's widespread in-the past and
1-occurs in most of the mixing operations

'{l_'_sufﬁcnently high fl

. watter -quality. However :
“situations where tiver can -accommodale

i ”Degradation of aquatlc habntates due to >

© the cost effective approach

..~ The overall goal of any system of
tailings discharge into rivers should be that

_.the discharge should not exceed - the
.. ;assimilative capacity of the nver
~means that:

'(1) ‘the talimgs shou!d not sngmﬁcantly
lower the water quality downstream of the
' f‘;dlschargelocatlon, S

; eonstltuents mcludmg cyamde o i the & .
he .process is"also required in . '.

':ﬁThia

There are.few stich. rive

ere are - many
overflow of supernatant water from tailings
impoundments, provided that the solid.

fractions have settled inthe impoundmems L
@ MARINE DISPOSAL _

In some cases where mmes oceur close to
the- coast, marine dispesal may not only be

posal, it may ‘also represent ‘the most en-

_v1ronmentally acceptable approach. .

‘Marine  disposal prowdes major .

'advantages over land disposal since no land

needs to “be acquired for storage, no .
on-going rehabilitation or maintenance ns_
required and there are also no risks to life or

_property .as a result of instablllty due to i
- storms or earthquakes, = . - =

A possible d:sadvantage of marine
disposal is that it is likely to prec!ude
recovery and retreatment at some time in
the future, should the tailings include sig-
nificant recoverable minerals. It also may
result in habitat modification, which could
be significant to fisheries if disposal occurs

Jinshallower waters

‘tailings dis-
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2. Air Quality
- Air quality can be affected by dust

"-rfrom dry inactive tailings ponds and mine -

" yaste piles only in the-immediate surround-

ing area. However, an exception is the radon
gas emitted from uranium and some phos-
hate tailings. Most tailings i3 of fine par-

e . r quallty is also affected by vehicle
xhaust emissions; however, i,hese are control-

ices on the vehacles

from- th_é plle ‘Drying of the failings can

di st'tllat reqmre attention

L ltis generally considered that pamcles
:'_smaller ‘than .5 -microns -are respirable,
Partlcles smaller than _05 micron are of

-‘-‘_‘E.W,ater!ua]ity S T
~, Mine waste ~and
"ungi_ments ‘can’ adversely affect the
lity of ground. water in nearby drain-
age ~‘Water - quality jproblems ~ are
'dependent uwpon the composition of the
= tailings and most commonly are caused by
“acids, heavy metals, reagent chemicals and
{.-g;radloactwe matenalb RERARE

_ -taillngs pondslls
or physical treatment of the ta;lmgs before
. discharge to the ponds.

:,‘ ‘_ pnmanly by exhaust emlsslon control,

t several stages durmg the llfe of the

“tallings |

One pollution prevention procedure is .
to reduce the amount of surface water that
can come into contact with the waste pilé or

tailings. Where. possible, desngners should
make maximum use. of diversion ditches,

drainage structures and catch basins to

~ divert rainfall and storny runoff away from,

and thus partlcularly suscept:ble to ::I._'?é‘aroond o ﬁf.f

ings embankment to

to fp\erform some chemlcal

-:Some. of the. polent:al foxic contaminants
igted withmining and mﬂlmg wastes are
able 2 1 ln Chapter ll :

surface water contaminants tOxlC heavy
metals such -aslead, ._mereur_y and arsenic;
sediment and suspended solids and others.

“~The ‘methods : for  protecting surface.

- water quality during operation of the waste

disposal areas are largely the same as that
during reclamation, namely; : '
i) runoff diversion; i
iy coliection of direct precipitation,

o lll) chemical, phyelealor vegetative etabxhzatiou,
cand o

o i\{) nther eoil erosicm and eed;ment oontroi

methoda.

Soil erosion and sedlment control are
1mportant means of protecting surface water
quality for areas and activities, assocxated i
with the waste disposal areas, such as haul
roads and construction and expans:on
actlvmes - :




“tailings contro} structures r must be mini-
mum consistent with safety and ecologi-
~cal requlrements

The most economic taliings dam con-

struction programme generally involves

the use of coarse fraction of the tailings
for a major portign of the dam.

For dams that are high or are located in

areas of earthquake potential, the
downstream method or centreline
method of construction is recom-

mended.  For these conditions, the
downstream slopes must be compacted.

. The planning and design programme
‘must include a thorough evaluation of
the physical and mechanical properties
of the foundation soil and mcﬁ, ground
water, borrow materials and tailings
fractions proposed for use in the dam,

This requires a site 1nvest1gation and

field and laboratory test programrne

Analysis of stability, settlement seepage

erosion control, environmental smpact

and reclamation is a fundamental require-

ment in the planning of any tailings dam.

. Construction control using fleld in-
- strumentation is required to ensure the

tailings. dam  consiructed according to
the design specifications, and function-
Ingasintended.

. All the parameters required for the

E ~design of a tailings dam have been

~prevented namely, grain size distribu-

- tion, relative density and mioisture den-

sity relationship, ‘shear strength, con-
solidation and permeability.

Sand-type tailings has a wide applica-
tion as an . englneeﬂng construction
-material. SERUEEE

| ngs does not

9,

Silt type ta;lmgs wz!l proba‘o!y be too dlf-
- ficult to compact and are suspectible to
severe erosion and frost action, thus

- thes tailings should not be used for the
- construction of tailings dams. However,

10,

i1,

12.

silt type tailings, if dense enough, are an
excellent sealant of pervious sand.
Liquefaction can be averted by increas-
ing the insitu relative density to 60 per-
cent at a limiting degree of satufation,
Consolidation tests disclosed that the den-
sity of loose deposited tailings does not
significantly increase with depth or time.

Drip irrigation is a new method with
many advantages and used on mine
waste areas, The drip system saves
enormous quantities of water yet does

much more effective job of ?,achmg

.'The principle of drip irrigation has long

been proven effective in green house
culture where an inert growing media is

.-used. New equipment arid technology
" has made drip irrigation an expensive

13.

14.

-dependabie method for establishing

vegetation on mine waste areas.
Tailings which have a very high sul-

. phide content can under favourable con-

ditions of air and moisture heat
spontaneously and burn. The fires can
be extinguished with wet tailings pulp
or waler sprinkling.

Radioactive uranium tailings and
sodium cyanide rich gold tailings and
mercury tailings require positive control
of seep age. Ail soils allow some
seerage, although for compacted clay it
will be small, so that special procedures
are required if downstream contamina-
tion is a potential problem. For maxi-
mum seepage control, the upstream

“slope of the dam may be covered with a

plastic or similar type membrane.
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15. On potash project care must be taken

ensure the brine does not escape. If any

of the dyke is constructed of the settled

sednmentation of the clay fraction

16.-The surface erosion iy.a problem; in this |
. )} N

and hardened brine, care must be taken .- - '

- that solution channels do not develop,. "
“+Usualty the rétaining dyke must be con~ “"17,

tructed of impervious borrow soils.

e.seepage under the dam, Fre-
ntly, two ponds are used. In this case
ch-of the brine is decanted from the

he base of the settling pond should be .
eiected_ where fine grain soils exist to -

ary pond to the second pond for

i
~should. always be-specified for
ji! of the starte

ering supenrisionh

e

e
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A NH_E_{' LRE - '}

Physlcal & Chemical composition of Tailings at Mine A

Spcific Gravity of Tailings - 2,86

Normal particle size - 48 mesh

Occuasional particle size . 28 mesh

pH . 7to 8

Dissolved 02 mg/litre - Jtof

Flow velocities - Min. velocity
size

- 48 mesh : - 2.5 m/sec.

- 28 mesh | o 3.0 m/sec.
Chemical composition
Element Wtk

Cu - 0.03

Fb - Traces

Ni - 0,007

Mo . 0.006

Fe - 3.08

S - 0.43

5103 : - 84.24

Al203 5.68

Cal ' . 1.11

Mgo - 1.43
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