











PART II. DETAILED EXPOSITION
CHAPTER 1~
* INTRODUCTION

1 1° PURPOSL OF SURVEY

Thls fe331bl11ty study is made at the request of tho Phlllpplne Govern—
_ ment to determlne ‘the fea31b111ty of talllngs dlsposal program thru TLP
‘System” 1n order to prevent the envnronmental pollutlon by affluent slurry
of the farms downstream of the Bagulo mlnlng area, 1n Luzon Island thereby
contrlbutlng towards establlshlng permanent measures agalnst env1ronmenta1

polluﬁlon w1th talllngs.
1.2 BAGKGROUND

”In,l971 the Pre31dent of the Republlc of the Phlllpplnes 1ssued

Executive Order No. 309 to organlze a sp901a1 commlttee to’ con51der the

. counie1measures agalnst env1ronment&l pollutlon ln the, Panga31nan farmlng

reglon and to start a full-scale 1nvest1gat10n of’ the problem.‘ ThlS env1ron~
mental pollutlon is generally considered due to the 511tat10n by talllngs '
Prom six (6) metal mines around Baguio Clty, four (4):are located upstreem:

of Agno River and two (2) upbtream of Bued Rlver.-~

The followlna year, the Commlttee surveyed the contamlnatlon in the
eastern séa area of Llngayen Gulf’ where the above two (2) rivers empty..
The commlttee also surveyed Tanon Stralt in Cebu Island where talllngs

ddlspoeal to the sea has newly begun.‘d

Topography'of these m1n1ng are&s surroundlng Bagu10 Clty 1s very rugged.?
'These areas are located where locallzed torrenblal dewnpours are in ‘excess

of 1, 000 mm/day durlng typhoon seasons. ‘The. two (2) ma3or mlneq at the b331n

of the Agno River have adopted a dam sybtem for dlsposal of thelr talllngs,.” B

'whlle the other four (4) minoz mlnes are stlll relylng upon

where 1n the talllngs are flushea out every year. In the Phllex Mlne, the
largest 1n the ares whlch has 8 current cap301ty of 28 000 tons/dayg talllnge
-flowed out tw1ce from thelr dam through damaged paats.

Hav1ng examlned several plpe line methods, the Sp901a1 Commlttee pro-~ .

-posed in 1975 a TLP System whlch measures about 29 kms. and con31sts of 8
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“funnel about 15 Lk, 1ong penetlatlng ‘the mountazn area, and the launder ov

plpe llne or a comblnatlon of bhoth lald up to the ‘sea comst

The Governmont requested domestlc and forelgn 01ganlzat10ns to study
the feaSlblllty of the PlOPOSed TLP sy%tem, and- askod in 1977 the Japanese
Govelnment for cooperablon in . the matter thu bhe Japanese Dmbassy in the

Phlllpplnes.

- The Japanese Govelnment acted on the PPP pr1n01ple (Polluters Pay
Pr1RC1p1e) for env1r0nmental pollutlon problems and sent a prellmlnaly
1nvest1gat10n m1331on (3 persons) to. the Phlllpplnes at ‘the end of the year
-to rev1ew the ba51c problems such as orlglnal TLPS plan, the mining com—

panles' capa01ty to bear. the lnvestlgatlon costs, etc.

In view of thls talllngs dlsposal problem in the’ Phlllpplnes, they
de01ded to dlSpatch the main mission for the fed31b111ty study of TLPS.

1.3 SURVEY ITEMS

The survey 1tems are generally lelded as follows

a. _Investlgatlon of mines at Bagulo Dlstrlct
- b. Survey and selectlon of the routes of TLPS,
c. AGeologlcal Sulvey around TLPS route.
d. Survey of the sea area where. tailings are dlsposed.

e Col]ectlon and research of. other related data.

1.4° 'ORGANIZATI'ON OF THE SURVEY MISSION -
| The MlSSlOH had the honor to app01nt Mr. Ken Salto, Dlrector of the

Metal Mlnlﬂg Agenoy, to act as the leader of the M15310n. The MlSSlon also

asked the persons below for thelr sp901al partlclp&tlon in the survay.

Ken'Saito""'_}_ B Leader of fhe:Missiéﬁ_
‘Mﬁtsumi'ﬂétégi'. ' . Adviser’ S _ L
~Shozo Saw&ya.f "1 Coordination of the Mission's local activiﬁies}

The staffs of -technicdl sections are:
Hirbo Washimi B Subleéder ' : . (Doﬁa Eﬂgiﬁeéring Co;)

Hydraulic
transportation
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.Ikyo Morita : Mining:: 4-(Dowa Engineering Co.)
Nobuyoshi Asami L Civil an g. ( K bR
Takeo Matbsumobo o Plplng { " )
Noriyuki Fﬁkubayashi Sea avea ( n )
 Kenichi Watanabe = Gedlogy -~  ( oo )
 Putalki Hikage Civil Bhg'g. ( s )
 Psubomu quama'” Geology { o )
Taizo Matsumoto . Geology (. " )
Setsuo Takemoto Coordination (Japan'Intérnétional
' ' of the total = Cooperation Agency)
activities

1.5 SURVEY SCHEDULR

The Mission léft Jépan'on.January.BO”aﬁd'retﬁrned on”February 28 , 1978.
Durlng this perlod of 23 or 30 days, it conducted 1nvest1gat10n act1v1t1es
on various fields. The group, headed by the MlSSlon 1eader, took 10 days
tozsfudy the ﬁhdie situation 1nclud1ng the conditions of agriculture ‘and
fiéhing..'The group in chargé of +the sea'aréa survey-also spent 10 days.
Thé'geolqgical'survey group took 16 dajs for the field survey, survey by
aerial phofos, and a'pdrtial and_simplified:lefelliﬁg of fﬁe_tailing trans-
portation route on,the.plain. The other group spent 18 days'fOr'the Sys bem
Planning as well as the mine survey, general 1nvest1gat10n along the route
and of ‘the “funnel entrances. ‘In the meantlme, all the membels except for the
geologlcal survey group 1nspected the talllngs dlSpOS&l of the Marcopper
Mine (27,000 tons/day tailings) and the C.M.I, Mine (System under constructlon
for transportlng 10,000 ton/day talllngs) in the Marinduque Isl&nd and the
Atlas Mine (100,000 ton/day tailings) in Cebu Island.
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2.1 ~PRODUCTION

- CHAPTER . 2

RESULTS OF MINE SURVEY

2.1.1 Aﬁhﬁél Réﬁdft _

According to. the Annual Réport, the past pfodﬁbtiOn records of the

mines are: |-

CTable 2-1 Actual Results of Production

MINEG

Philex -

CBMIL

B.C.I. -

.'Ifogqh.

Atolk

“BLX.

- Year

1976

1976

1976

1975/10~
1976/9..

1975~
1976(1)

1976

Tons Milled .
DMT/Year " -

8,620,510

1,124,724

933,000

115,771

130,020

52,488

Tons Milled *
. DMT/Day -

. 26,435

3,124

2,592

1300-330 |

A50 -

Grade -
Au'g /DMT

0.678

4.48

4‘.39

2.64

8.47

Grade _
Ag g /DMT

63.98

Grade
Cu %

0.402

0,38

0,49

'.Gradé'_
n’ %

| 10.86

. Metal

Au Kg./Year . |

5,397

116

3,468

422

372 |

Metal .
Ag Kg;/Year

6,453

* 587 |

_171

66

"2,097

‘Metal

3,448 |

AT

Cu,MT/Yéar

Metal o
Zn MT/Year

30,640

5,133

Note) .(1) Aﬁok has

~ 19'—__'

- stopped operations gince June 1976,




2.1.2 Present Production

The present production of each mine ére shown below,

Table 2.2 Present-Prbduction

oo Mine ppgyey | B.MULL | BLCLT. | Thogon|Atok| B.X. | Tobal
Period _ ) _ : .
1978_P1an : o T _ 1)
(Projection) | 9,000,000[1,296,000|1,000,000(140,000|  =|52,500|11,488,500
DMT/Year " T S o B : :
1978 o (2)
‘(Projection) e o e _ '
DML Day L FH0001 5 600 2,857 400 150 150 34,657|
o ]~ 28,000 -
1977 Actual S
record ; N ' : I o
- DMT/Year 9,954,000]. 955,800 -
1977 | B
 DMT/Day 30,000 2,730 -1 151
Jan. 1978 - | . | , |
DMT/Day - 30,000\ 3,387 2,900 145

' : Nﬁte)..(l) Atols is not included,
“(2) 27,500 DMT/D is assumed for Philex Mine.
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2,2 EARNINGS'AND EXPENSES‘

'Table 2_3 shows ‘the ealnlngs and expenses of- each inine aecordlng to

Ph111x Mine is keepang the balanee in. the black whlle -

B.C. I.," ITOGON and- ATOK have. substantlally Tun 1nto red flgures.

theé Annual Rep01t.

shown
there -is’ g 1arge dlffcrence of revenue and expendlture among the 6 mlnlng

companles.

.Table_243;"Earnings and Expénsés'
| - (Unit:  x Peso 1,000)
T Mine R B : : I S0
.A/C Title - Phllex“-’B-m-Ij B.C.Ia - Ttegon -H.Atok.n’B§X1j
| RN I 71975/1o~ 1975~ | o
Year 1976 1?757:': 197§ 1o76/9 | 1676 .1g75 
Total'Opérating:Income 451313 35,361 | 133,744] 12,752 24,932
'Total Operating Cost 2d2,i48 .29,964 1136;680 16;961 '20,783
Operatlng Earnlngs 249,165| 5,397 £2,936| 1,851 : 4,149
Other Income (Charges )} . - (829) '15;376'_ ':(782) 781 |-
Depreciation, etc. ‘ 26;096 2,930 11,652 21,643 | W3,929 .
Earning before Tax 223,069 - 1,638 788|.A 574 1,001
. Income Tax, payable. 72,430 - 4,965 - : 341'.
Income Tax, Deferred - - 5,751_ - =
Net Barnings ‘150,639 1,638 | 1,574l A 574 . 660

Nate_) (1)

Atok retaining thelr product because of a low At prlce.,

Further, they have suspended their operatlon 51nce July 1976
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2.3 PRODUCTION PLAN FOR THL NEKT YPARS

In order to obtaln the bas1c data for TLPS Progect ﬁhe fea51b1]1ty
study m1531on 1nterv1ewed the staff of the 5ix (6) m1n1ng con@anles concern-

1ng thelr future productlon program and thelr ming - development plans.

The results ‘are shown 1n Table 2—4. All of them have nelther new mlne
Vdevelopment programs, nor lonnuterm product1on p1ograms for: the next 5 yeavs. -
The feas1b111ty study m15310n, thelef01e, d901ded to. use thelr productlon

forecasts 5 years hence ' the ba31c date for TLPS Progect

The data below show %he estlm&ted output of: each mine 5 years'

._ hence, but not the quantlty'of the talllngs dlsposed by TLP system, Whlch .
will be descrlbed 1n the next Chapter.

“Table 244 Outbﬁt7Forebasté'Aftér'5 Years From 1978

‘.‘Uhi£: Ton

Plan/Mine | Philex | B.M.I. | B.C.L. |Ttogon | Atok | Bi X.| fTotal.

5:jééfs'Pian‘. “ - o RN R T A T :
up to 1983 |9,000,000{1,296,000|1,000,000|140,000|151;200|52,500|11,639,700
DMT/Year . S S TR R I S

. 5 years Pléh  1 S o T - _ S
up to 1983 .| 28,000 L. 3,600 .2,900| 400! 450) . 150] 35,450
DMT/Day o Lo - | ' _—
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2.4 MILL‘TAILINGS

2 4, 1 Mllllng Process and Talllngs

(1) Phllex Mlne
a. Mllllng Process’

The mllllng process 1s by copper flotetlon at a capac1ty of 31,000
DMT/D The grinding mill ‘is prov1ded w1th '

5 md ball mill (with capacity'of 8,000 DMT/D 1 unit
3.5 mf ball mill (with capacity of 4,000 DMT/D) 4 units

Ball mill (with capeeity_of:2,300 - 2;Soo'bM$/D) 3 unis

The flotat1on un1t has & group of slime flotatlon cells and. 3 groups '

of sand flotatlon oells.

| b, - Flow of.tailings'slurry (See the ‘Flow Sheet)

' The sand flobation tailings is fed to the cyclones. The underflow of
:the'cyclone is directed to'theisump tank while the overflow is mixed with a
slime’ ilotatlon tall1ngs and then fed Ho the two 76 g thickeners (PD . 35%).

The underflow in_ the thlokener flows 1nt0 the sump +tank (PD 50— 60%) and “the

overflow is used as nill water.

Wh1le the mlsoellaneous water that is water used for floor washlng,.
draln water from equlpment and mach1nes, water spllled on the floor within
_ the mill 51te, ete. flow inta the sump tank through launders. A small-sized
cla551f1er is- prov1ded ‘at the 1nlet of the launder to prevent coarse gra1ned
ores and forelgn matters mixed in the flow from Clogglng the plpe 1ead1ng
_to the dam (descrlbed later) When ik ra1ns, rain water may enter the site

from the out81de and flow 1nto 1ts mlscellaneous water.

 The talllngs slurry whlch flows 1nto the sump tank is fed by gravlty
$0 ‘the d&m through two (2) lines of 300 mmﬁ polyethylene pipess The plpe
has an average gradient of -~2.5% and the flow veloc1ty within the plpe 15'.
._ more than 4.4 m/s. The wear rate of the pipe is. 3 - 4 mm/lO mllllon DMT
.talllngs. At the dam s1te, about half of- the talllngs slurry 1s cla331f1ed
" into coarse sand and fine sand or sllme by cyclones 1nstalled on the dam
‘bank. The former is used for bulldlng Lp the bank of the dam. The telllngs'
- féd to the dam is about 28 000 DMT/D
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_ Imring dry Senson, the ‘slurry denSIty of ta111ngs to the dam is 40 -
45% solid, " During rainy seuson, the rain water mlxes with the bm 11ngs
Slurfy. The requlred volume of ‘tailings thlokene1 overflow is reduced,
because abundant mill water-ls_&vallable. Consequently, the feed rate of
tailings Slurry to thickener can-be fedﬁced;_ Thus, 1n ‘the’ 1aLny Season,

' ‘the slarry denss. ty of ta.lhngs to chm is recluced to 35. - 40% solid.

Flow Sheet of Philex .

“8lime o . Band

R 5 mf - 1 Unit 8,000 ~ 11,000 T/D
| Grinding Mill- | 3.5 ng

4 Unit 4,000 1/D
3 f“’g -2 Unit | 2,300 ~ 2,500 T/D
2.7 mg - 1 Unit - f :

" Cu Concentrate

s L i a._'Elon
@ 5 :
o _ l S Misdellaneoﬁs Water in the
‘Tailings - . - Tailings Cu Concentrate Plant
Distribution . 5%| Distribution ~  95%
P.D - - 25 ~ 35%[ P.D 40 ~ 45%
—200 Mesh- 65 ~ 80%| - 200 Mesh 50 ~ 60%

-l‘S—Dgé_deloﬁe .l é Unif 

Overflow : Underflow
—3 B0 35%

[2.,_._:75.'111;5; Thiékenélj -
1

" Overflow ‘Underflow

. ’ V- ..
. Recovery Water
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(2) B.M.I.

{a) Mill tailings process

Flow Sheet ‘of B.M.T

Ball Mill

Flotation Cells

. W
¥

Cu. Conpentrate ] . : |$E31§hg81 11 1/2 x 16 Baii'Mill

No. 48 Agitator 3 line x
=[§bmp ' T 16 Cell _

Scavenger Flotation Cell

' [jgggg} 2 Tine x 13 Cell

|Tailings Pond _J

(b) Milling process
Milling is by copper flotation at a capaqity of 4,000 DMT/D.
(¢) Flow of tailings slurry

The system is simple. The tailings from the flotatibﬁ machines is

sent to the dam by pump.
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(3). 5.0.1. 

(a) Mill tailing process

. ‘Flow Sheet of B,C,I

Au : : | . Cuor-Au _ S8lime

| L érindiﬁg:Mill ] | B Gfindihg Miil;J'

Flolation
Cejation

_.L_ zndThfckenerJ
I

-

- Overlfow . Under flow Froth Tailings Tailings __ Froth

] Tt Fiiten
v o

Filtrate Cake

I Ré;*ipér
2nd Filter |

[ Tailing ankAW

_ ;[:_Egg;;ﬁé | |
SR ¥

Underflow ~ Overflow

v

Fiiling =~ | = Pump.

B

Dam "

- 26 -



(b) Milling process
The mill produces gold and silver by cyanidation proceséi :
(e) Plow of talllngs slurry (See the Flow Shéet)"'

© Im th1s m111 the copper dressing equlpment is not in operatlon while
the . gold dre531ng equlpmont is at work, The talllngs of the gold dr9551ng‘
equlpment is fl]tered by the secondary fllter, and then sblrrod in the
repulper tank and fed to +the cyclone by pump. The undelflow is used fOr
back fllllng in underground workings and the overflow is sent to the dam
- through wooden launder, pump ‘and sﬁeel plpes,'_lhecllfe of the st031 p;pes

is more than 7 - 8 years.
{4) Atok Mine
() Mill tailings process

quw Sheet.of Atok

[ Bali mi1l |

- l Thickénér1
- ~Underflov]

LﬁMoore'Filﬁ;;w
|

Washing Watexr . [Cake | : [Filtrate_ |

j Pipe (To Dam)i
{p) Milling process

The mill produces gold by cyanidation process.
The plant 18 now out of operatlon.

{(¢) Tlow of talllngs slurry

.1he talllngs of the mllllng proeess is.filtered by a Moore- fllter,'
mlxed w1th washing w&ter, and sent by grav1ﬁy to the dam through launder.
The launder has a gradient of -10%,
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(5) Tbogon Mine

(a) Mill tailings process

Thickener

[ Bai;;yg11  -

-Floﬁ Sheef of Itogdn ,

VUndéfflow .. .

Drum’ Filder

Water

TFiltrate

(b) Milling process

1 Cake[

Repulper

Thickenér

“S1lime

o
E?derflow]

IUnderflowl [j}erfloﬁj IOverflow1

:{;Pipe'(To‘Dami:]

The mill Produces-gold by'cydnidgfion process.

(c¢) Flow of talllngs slurry

.The talllngs of. the mllllng process is filtered by drum leter, stlrred

: ;by'repulper and fed to the talllngs ﬁhlckener.

The underflow is mixed with

- the overflow of . the slime tank and fed by grav1ty to thc dam through r

"plastlc plpes. Corrosion occurs 11ﬁtle in the PlPES..
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(6) B.X.

(a)  Mill Tailings proceéss

~ Flow Sheet of B.X.

Cyanidation Process

{ .
Au,Ag.Cu C o J: .

" Cu Flotation

|

T T B :
: ..l il Cu . .Coneentbrate.
Thickener .| ~ =~ =
& : ..l Ty
. _Underflow Overfiow._
Zn Flobtation B " To Cyanidation Process

Flotation ce115|'

Proth™ — “Tailings

g yn Concentrate Cyelone l e
I —

Overflow Undéxrflow
Pump Filling
Pond

{(b) 'Milling process

_ The mill is using éyanid@fion-proceSs;_cﬁppériflotation'proceés, with
- +he final tailings coming from the zine flbfation'process..:About_ES% of
the final tailings is used as back £ill Ffor underground openings. '

- The remaindér is sent to the tailings pond by pump.

-29 =



2.4.2 Specifications of Mill Tailings’

“Table 2-5

shows the curlent volume and propertleq of ta111ngs'(exélud~

ing sand for back fllllng) produced in- the 81x(6) mines.

Table 25 Vblume.and'Prépefﬁiésfof Tailings from 6 Mines -

Ttem

Unit

_PﬁileXg

B.M L.

CB.CLI.

Atok

.Iﬂégoh

B.X.

'Tonn&ge'

Mean

DMT /D

28,000

3,600

2,150

150

400 -

150

" Max.

DMT/D

31,000

3,600

2,200

. Min.

DMT/D.

27,000

3,500

© 2,100

Specific

_Grqv?ty 5frffﬂ

2.6-2.8].

2.6

2.7

255

.Meaﬂ

 % Solidj

._(Wt)

40

30

4|

37,51

29|

25

Concent— |-——

ration

:Max;:

% Solid:

{wb)

45

38

46

425

31

| Min,

% SOIid-
(wt)

'35

28

39 .

32,5

24

SiZe_
i Distri-

bution

‘Mesh
+ 28

+ 48

14150

+ 65

+100

+200: |

+325

% Q#

210

_—3251'

10,73

7.92|

9.83

8.20

8,05

55,27

15.50

10.70

.50

20|

No sand|

filling
0;20
0.90
3,40
. 8.60

11.60

11.70°
1 6.10

4.50.|

52.70

;?40.00

? 60.00

1.00

2.16

5.22 |

:.11;16

80.46

0.23
1.43
4.90

3.40)

90.04

Blg, 2~ 1 shows the ‘size dlstrlbutlon of tall:ngs from the 6 mlnes.'
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2.5 PRTSFNT CONDITIONS OP THD TATLINGS DISPOSAL SYSTDMS

2.5.1 Phl]ex Mlne

| The m1]1 head of Ph]lex Mlne is about 30 000 DMT/D {Cu 0,4%); acdsﬁhe'
_talllngs, whlch is subsbantnally cqual to m111 head 1s_being accumglatcd ‘
in the dam, o _ _ | .‘ |
Dam No. 1 currently in use (the construct:on work startcd 1n 1968 and
fcompleted in 1971) was partlally destroyed tw1ce by typhoons in 1974 (rdln—.
fall:l, 160 mm/day) and 1976 (ralnfall 2, 419 mm/3 days)r and'the talllngs
of about 5 mllllon tons was flushed out tc the Agno Rlvcr. The dam has
been repelred and is planned to be used tlll the middle of 1980'
Dam No, 2 is under constructlon and will be completed in 1980 at a
cost of 30 mJlllon pesos._ It has a.capa01ty of 50 million DMT and may be
-used until 1985. N L ._ . ' -7.
Purthcr, the constructlon of dani No. B'is'plenned. Its constructlcn
work must start in’ 1980 1f the complctlon in 1985 is supposed The conﬂ
struction of thls dam w111 ‘be examlned by Phllex in connectlon w1th TLP
.sysbem pIOJeCt _ ' _ ' ‘ _
o The clarlfled water of the talllngs accumulated 1n the dam is dlscharged
-1nt0 the rlver _ The chemlcal qnalyses of this clallfled water and the plt
water are shown in Table 2-6 (All chemical anclyses_used in the Chapter
‘werc done by N.P.C.C.). - ' '
- The expenses of. talllngs dlsposal con31st1ng of constructlon depr901a—

“tion cost (not ineluding the interest) and running cost are about ?1.2/DMTQ

- Pable 26  Philex, Resulbs of Chemical Analysis

NO. | * Station Identification - | Hg | Cu. Zn Cd

N : ' ppb ‘mg/1 mg/l . mg/1
w1 Underground Water - S 0.00 | 081 | Wil | Wil
w - 2| . Dam Over Waber _ | 0.00 .| o.07 | o0.04 Nil
‘w - 3|  River Flow (Upstream of Dam) 0.00 0.01 | Nil Nil

2.5.2 'B'M‘I.'M{ne‘ .
“The m111 head of ‘B, M L, Mlne is’ about ‘3,400 DMT/D {Cu 0. 47 s and the
talllngs, whlch 1s equal to ‘mill head is belng 1mpounded in the ponds

constructed w1th tailings sand along “the Bued River bcd and the dam at the
Emerald Creek :
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No. 3 and No. 6 ponds at the river: bed have already been flllod up
w1th talllngs At present No. 1 pond and No. 2 dam at Lhe Emerald Creek
are’ belng used, B.M.I. has two (2) dam constructlon programs w1th a total
cnpac1ty af 1 227 000 DMT but 1t is unde01ded when to start the construcblon.

" The B. M.I. Mine dlscharges ‘the clarlfled water from the tailiings dam

~and pond 1nt0 the river. Table 27 shows the chemical analyses of tho
'clarlfled water, the plb Water and the river water.

The talllngs dlsposal svstem of thls Mlne is by accumulatlng the
tallnngs durlng dry sea%on and flushlng out durlng ralny season . The actual

.ta111ngs dlsposal cost was EO 63/DMT in 1977

“ Pable 2y B.M.I., Results of Chemical Analysis

. Nﬁ; _Station.Idenfifidation | Hg. Cu Zn - | ca’ “Cn”
' ' T ppb [ mg/l | mg/l | mg/1 mg/1

w33 [Pued River Flow o o6l i | e Nil
: ' (Upstream of B.X.) ' ‘

| we2s

- ~ Tailings (B.M.I.) | | PLTO) 6.96 1 0.08 |

v=29 | 0,00 | 75.10| .9.05 | 0.18 | 125.00

.w—26 "Dam 0vér Water . 2 0'}7 , .1 N%l

w-27 ' .. ] o020} ‘0.20] 0.04 | 0.02 |  1.00
.'w¥32;; UﬁdeﬁgrdﬁndIWater 1 0.00 0;61_ 3“0{98_ 0.02

w-30 | Bued River Flow _ 0.00 0.33 | 0. 34 | 0.03

- i i L . ot R
w-31  (Downstream of B.M.I.) 10.20 | - 0.52 | 0. 38 0.07" 2.00
w-34 | Bued River Flow. . S 0.00 | - 0.21| 0.13 | o.01

(Gamp - 4)

=35 .Bued leer;Flpw. B 0.00 0.26 20;07 Nl
"' - (Dongon Bridge) : o .

' 2.5.3 B.C.1, Mihe |

The mlll head of B C.1. Mlne is about 2 900 DMT/D (Au 4.5 gm/DWT)
About 26% 750 DMT/D) of tailings which is equal to mlll head, is being
: fllled back into the underground and the remaining 2, 150 DMT/D of talllngs
is belng 1mpounded in the talllngs dam,

Constructlon of the No. 1 dam started in ]960 and completed in: 1969
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" It had been used for &bout 8 years and’ accumulated 6, 121 000 DMT talllngs
1n 1t. _ v T : _ ‘
| The No. 2 dam 1s under constructlon and its canstructlon began 1n 1974
and will be completed in Aprll_lQTS. ‘Tts capa01ty is 7, 247 000 DMT, and
can be used fdr'abouf 10 yeafé up to 1987. At present. the talllngs is’
=accumula.ted_ in temporary ponds provlded 1n51de the No. ? dam area.'

The clarlfled water ‘of the accumulated talllngs in the dam 1s dls—
charged into the river.

‘Tahle 2~ 8 shows the chemlcal resu]ts of Several water - samples collected

in this survey.

Table 2-8 B,C,I,,; Results of Chemical Analysis

No. Station Identification - | Hg | Cu' | Zn. - | Ca
. : o : ppb mg/ 1. mg/1 mg/1
wo-4 Uhdergr““nd Wator. 0.10 |. 0.11 | . 0.24 Nil
(Acupan Mlne) ' : '
w -5 | Dam Over Water | oas| 987 | 179 -] o.01.
w6 | Miver Flow 0.20 | 1.48 | 0.66°.| 0.01
.E(Downstream of Dam) 1 - : : )
w -12 | Fiver Fl?“_(DOWFSﬁream of 0.50 | 1.37 | 0.98 | o.01
“Junction With Ttogon) : :

Wlth regards to the No._l dam, the average total cost (1nclud1ng
depr901at10n of the’ constructlon cost and- the operatlon cost, not 1n—
cludlng any 1nterest) is 20, 94/DMT throughout 8 years of use. . The total :
constructlon cost of No. 2 dam is estlmated about ®15, 655 000 ‘and the unlt

cost is B2, 16/DMT as far as the constructlon cost is concerned.

2.5‘4 Itogon Mine

The mill head of Itogon Mine is 230, DMT/D (Au 4.4 gm/DMT) and plans
8 productlon increase; to. 400 DMT/D by the ‘end- of 1978 - The talllngs which
is equal to mill head is accumulated in “the ponds at the riverbed of the -
Tolblng River, ' _

The Mlne is constructlng a talllngs dam at the area Surroundlng the

tailings ponds currently used, and will be completed in 1981,
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,;When thls dam 1s completed it w1ll prevont tho talllngs accumulated durlng -

~__the dry season to be flushed out durlng ralny SEASON. -

_ With the flnal capa01ty of about 1, 573 000, DMT bha dam will'ue available

'f01 about Ll ycars. The estlmated unlt cost of construct10n is Pl S}/DMT
Thls M1ne dlscharges the clarlfled water 1n the talllngs pond 1nt0 the

"Tolblng R1ver.: Table 2- 9 shows the chemlcal ana1y51s of slurry and water'

sampled 1n thls survey.‘

- Zable 29 Itogon, Resulbs of Chemical Analysis

No. | Station Tdentification Mg | ci | zs e |ow
Lo . : - PP - '.”mg/l _ mg/l’-_ mg/1 | mg/1
Sturry. 350,00 20.60 | 27.95 | 0:61- |

7. w;.'?. = . .
. : :(Sllme Thlckener Overflow)

| Talllngs o 140.00 58,00 | 181.17°| *0.90 | 125.00|
.;(TQ.PQPd)c SEEIIN AR FEE T K ‘
w~9 | Underground Water . | = 0.00'| N1 | Wil | wi1
.WfIQ; 1'Ponaﬂ0¥ér.WatéT_' ) - | | 1'30l'.L3‘§éz;u 5;711 b'Oi; 17;50

- --f-(Downstream of Pond) : SR I Lo -

2.5.5 =A£bk'Miﬁe
Atok Mlne has suspended its operatlon 81nce July 1976 but plans to

.resume 1t at a rate of 150 DMT/D from the mlddle of . l978,-and at 450 DMT/D
(Au 3. 7 gm/DMT 1n 5 years from then, Accordlngly, the talllngs whlch is
'equal to mlll head has to be dlsposed ' ’ S L

' Abok is plannlng to accumulate the ta111ngs w1th1n a rubble—made
a”retalnlng bank which is under constructlon along the Ambalanga Rlver.
Its: capac1ty w1ll only eorrespond to the volume of talllngs d1sposed in
4 -5 months.: They have further “two (2). ‘dam constructlon programs, of
whlch ‘either constructlon tlme or capac1ty hias not yet been dec1ded

Table 2—10 Shows the chemlcal analyses of* the plt water and the rTiver

water sampled 1n th1s survey..
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Table 2-107 Abok, Resulis of Chomical Analysis

| ®ous ‘a.Sfatioh,ldentifioationd [-};'Hg:l': "Cd . -fin _. f'Cd:_.
L : T I ppb- | . mg/1 mg/t | mg/L
| v =15 "':Uhderground'Watér'- Vo0 | wil | olon | Nl

tw - 16 | Biver Flow oo 0000 0018 | o.020 | Wil -
' ) ‘(Upstream of M1ne) ' ' N I o

w 17 ] }Rlver Ploy - ©0.00 | © 0,06 | 0,001 | Wil
’1-‘1_'(Downstream of Mine} [T ' :

' The construction cost of the existing dam of‘this'Miﬁelis'El{SB[DMTr

2, 5 6 B x Mine

_VIThe:m1ll head of B X M1ne is 150 DMT/D (Au 8 5 gm/DMT Ag 62 5 gm/DMT
.'qu 0 5%

;_Zn 10 86% About 125 DMT/D remalned after the' concentrates ‘have
Lbeen collected 1s the talllng5.= About 25¢'of whlch 1s fllled back into’ thc
‘ plt, and the remalnlng 90 DMT/D 1s accumulated 1n ta111ngs ponds constructed
- at the rlvorbed of the. Bued Rlver.w They are. plannlng to change the bank of -
this pond at the rlverbed side. 1nt0 a rubble type but 1s executlon t1me is
fnob yet d901ded Uhder the present cond1t1ons, the talllngs pond w111 be
_flushed out durlng ra1ny season.;ﬁ . ; . _' v
L ThlS Mlne dlscharges the clarlfled water of the talllngs pond 1nt0 the‘:'
_JBued R1ver ' Table 2~11. shows the chemlcal analyses of slurry and ‘water
:sampled ln thls survey J S L o ; '_ o
Slnce this’ Mlne is 1ocated at 1mmed1ate upstream of the B M I _alOng
the Bued Rlver, the chemlcal analytlcal samples of thls r1ver water were'
collected at two polnts of upstream and downstream in these 2 mines,

_ .The results are shown in the Paragraph of B M I (Table_2—7),_5
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- Zable 2-11 B.X., Resulbs of Chemical Analysis

[No. | Station Identificabion | Hg Cu Zn, ca | oN
o Lo ppb | Mg/l mg/1 | mg/1 mg/1
w - 18 AUndefgrbund-Wgter_' 0,00 __Q}$8g | ﬁf?S 0,02
w =19 | Pond Over Water 0.00( 55.00 1.18| 0.01 | 8,60
on | Tailings: ool aue o o ool ome | A
w = 20 f(To-Pcnd)' O;QQ 446f90 2,17;.q0 7.76 | 4.00
21| Sty 0.00| 369.71| 2,404.60| 5.90
T {Cyelon Feed) . : : AR :

2. 5.7 Evaluatlon of Chemlcal Analy51s :_.

In this . survey3 samples of the clarlfled water of” talllngs dams and

ponds of each mlne, etc. were collccted and dnalyzea
' Tchemlcal analyses are results from a 51ngle

be used for asklng the general gudgement on

from the mlne

Further,=31nce the Phlllpplnes have no

waste water, 1t 1s at present 1mp0351b1e to

waste water dlscharged from m1nes.

Accordlnglyg the chemlcal analy81s mentloned above wlll only ‘be

However these

determlne the adequacy of

sampllng and therefore cannot

propertles of the waste water E

standards for propertles of

'-useful as refernce data on the present condltlons of talllngs dlsp051t10n

: fln each mlne, and we llke to 1eave the Judgement on the chemlcal analyses

results 1o the Phlllpplne Government.

Locatlon map of sampllng and tabulated ana1y51s resulﬁs .are 1ncluded

in Appendlx A 2-1,
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CHAPTER 3

BACKGROUND OF TLP SYSTEM PLANNING AND
L MAIN ?QINTS OF TEASIBILITY STUDY -

3,1 BAGK&BOUND OF TR TLP SYSTEM PLANNING G

(Quoted from Appendlx C.1, 1)

3 1. 1 Pxomulgatlon of Executlve Order N . 309

- The contamlnatton of the Panga31ndn farmlﬁg.reglon downstream of the d
Agno River and the Bued Rlver,_Bagulc dlstrlct became an 1ssue from the f{'
' beglnnlng of the 1960'5 and the Government and the mlnes (6 companles)
began ‘o make efforts o prevent the 31ltatlon whlch was regarded respon31ble o
for the- pcllutlon. The two (2) magor mlnes constructed dams, B C I. succeeded
in reduclng the volume of effluent slurry‘ln 1969 and Philex in, 1971 héf
remalnlng four (4) mlnes whlch weré stlll relylng upon the ponds have been'
repeatlng the same methcd of accumulatxng the talllngs in the ponds durzng

dry season and flushlng 1ﬁ out durlng ralny season.

In Aprll 1971 Executlve Order No. 309 was 1ssued by the Pre51dent tc”
' app01nt ‘a: speclal executlve commlttee to cons1der counter—measures (Ad Hoc-l K

: Ccmmlttee) and the sane. tlme tc seek cooperatlon from offlclcls and prlvate
flelds. _ o B ' ' o

The spec1al ccmmlttee was organlzed wlth,the Dlrector of Mlnes, as
'Chalrman and representatlves frcm N P C C.-and the mlnlng companles 1n Bagulo o
dlstrlct as members. The subordlnate org&n1zaﬁlon 1s the government agency :

d-for env1ronmental pollutlcn present&tlon.-'

o ThlS measure concerns an overall fea31b111ty'study'to transport the tall-'
1ngs to Llngayen Gulf for 1bs dlsposal thru a plpe 11ne or other methcd, and
calls. for prompt preparatlon of the fe331b111ty study by sonsultlng the'

'Loplnlons of experts in the country and abroad

3 1 2 Development Prlor to Plannlng the Plpe Llne Svstem G

'(1) N, S D,B, Speclal Commltteeﬂz

in Octover 1972 an 1nvert1gaﬁ10n group was. organlzed by N S D B under

Speclal Order No. 121 to study ‘the effect of talllngs on the ‘sea 11fe. '



__'The ET0 up conSJSted of sp001allsts selected from 3'._N;S;D;B., P.RC,,
-'__-;_'.NPCC.,BPW.,NIA ;md_BOM ' e

The subaects of study were the methods of dumprng the talllngs from'-
'the Begule m1n1ng dlsbrlct to the Llngayen Gulf and the present condltlons
gof the Tanon btralt 1n Cebu Island where the ball1ngs from bhe Altas c. M D c,

';are dumped

‘ It was concluded that 1f the talllngs 1s dumped ai the eastern 1nlet :
gcoast (near Barrlo Rabon) of the Llngayen Gulf after the area has been enclos—ﬂ

'ufed by bank or partltlon, there w111 be no adverse effects on the sea ]1fe.'

E(2)ﬁ ;fwdpf 1(Rehab111tat10n'and Development - 13)

Durlng the flaods from July - August 1972 the talllngs wlthln the‘:-

::.fdams flushed out and gave serlous damage downstream to the farmlng reglons.

'?E The Governmentiieclded %o request the Uhlted Natlons for thelr coope—
: ratlon 1n Lhe rehabllltatlon of program from the flood dlsaster as well as’
; the development of the area, T was conflrmed by N.S.D.B. that the plan';
' for dlSpOSlng the talllngs from the Bagulo mlnlng dlstrlct would be 1ncluded
“in thls rehabllltatlon program, and execublon of thls plan was entrusted to :

:;rthe Ad Hoc Commlttee (Modlflcatlon Program of RAD—lB)

'l(3) Plpe llne prosect

_ By 1970, a plan to transport the talllngs to the Llngayen &ulf by means_
--?of plpe 11ne had already been proposed by N P C C _ The outllne of the Plan o

iflS as follows.:”'

7 Twentyfour-lnch dlameter plpe 11ne w1th a total 1ength of 29 O km
tfw111 be lald along the Kennon Road from C&mp 4 to the nelghborhood of

"_Barrlo Rabon.r_:”
:_De51gn condltlons of the common llne area.-
.'“.mTransport volume' lO mllllon DMT/year'.
j-r. Concenﬁratlon of slurry' 40% by welght
'- :F1ow speed 1n plpe about 7 ft/sec._
f;-'Plpe- 24” dla.‘splral plpe ' '

2%Construct10n cost 22 m1111on pesos (estlmated on the ba31s of prlces

Hin 1971)
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: Further,'lt was estlmated that the totel cepa01ty of the ore dreselng .: .
.31te was 27 600 - DMT/day and 29; 900 DMT/day (future) and -200 mesh of the o
partlcle 51ze dlstrlbutlons of talllngs was 70 57 by welght :' [ '

The requlred constructlon coet was to be pald in flve (5) &earsfebfthef

1nberest rabe of 6% or 0,6 pesos/ton.

3 l 3 Dam—pond and/or Flushrngﬁﬁystem

‘”(l) Reeommendatlon by Dr. Sheld

': In May 1973, | onSultant from the'U N., v1slted the Phlllp—;'

- pines at the requestlof the Phlllpplne Government to 1nvest1gate the talllngs

dlsposa] system (plpe 11nes at that tlme) of the ATLAS Mine 1n Cebu Island
as well as 1n “the Bagu1o dlstrlct “He recommended b0 the spec1a1 commlttee o
thai the above-mentloned plpellne plan should not be adopted because of

'.many eoonomle and technlcal dlfflcultles.L 5_-~ ;f

Hav1ng studled many oplnlons and data, a flushlng ‘system was proposed

ﬁlnstead of the plpellne system for dlsposal of the balllngs,

(2) Talllngs Dlsposal Regulatlon Commlttee .

e In October 19?3, the Talllngs Dlsposal Regulatlon Commlttee was organlzed =
”by'N 8. D..B: to utlllze the results ‘of the U. N. 1nvest1gat10n team._”; _
.The commlttee dlslgnated ‘the Dlrector of B 0.M, as Chalrman, and the represent—_
'aﬁlve ofNPCC ,NSDB.,BS., NIA.,BPW.,_BF,,BPI. a.ndthemlnes

fas members._—*;

(3) Orl crlsls &nd waier—power generatlon program ;9

In November 1973 ‘the 011 cr1s1s came, and the N P c. planned to const—
ructh two . (2) waber-power generatlon plants downstream of the Agno Rlver. _
o They proposed Shis. plen to the speclal executlve commlttee &nd stated thet
_\;the dam-pond flushlng system recommended by the U N. is. unde31rable for the“

rconstructlon of the power—generatlon plant

N P, C C. accepted thls oplnlon and publlshed thelr v1ew that the U N

--_method w111 not solve the problem of. 511t eccumulation An. the farms and

therefore cannob be a- permanentzsolutron toftbe_tallrngs-dlsposal problem.n‘
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:3 1, 40 Plannlng of TLP System and. 1ts Outllne '

' The N P C C. contlnued the 1nvest1gatlons and 1n Mey 1975, they summerln
:5?zeﬁ in a posatlon paper, a permanent method to settle ‘bhe talllngs dlsposal
=problem 1n the Bagulo Dlstrlct and submltted it to the Commlttee.: Below is
'bhe outllne of the method c a '

Thls system transports uhe talllngs over the 15 km route from Camp

:'-4 ab the Kennon Ro&d to: Camp 1 by menas of e tunnel and over themlo km rouﬁe
from Camp l to the seashore by means of p1pellne or launder 11ne or comblnai-
' 1on of both The sea bottom has almost no gradlent and there g llttle tidal -
.'iiflow SO that the ta111ngs dumped into. the sea will tend to aeeumulate.; 7
'ﬂliN'P C C reported that thls ten&ency'was 1dea1 for the reolamatlon of the

L area. e o

The 31x'(6) mlnes 1n operatlon in the Bagulo area wlll conduet thelr
‘f=respect1ve tunnels, plpe llne, 1aunder 11nes or dltches to Camp 4 No

'talllngs w111 therefore be dlscharged 1nto the rxvers.,

It Was recommended that the constructlon of the 11ne from Camp 4 to )
the sea be undertaken by the Government The Government w111 determlne
and receive the toll charges from ihe mlnlng comp&nles whlch uses the 11ne.'

" These charges w111 be known as the talllngs fund es in the case of ‘the

: plpe llne system.;'
A Tunne‘l
o The cost for dr1v1ng a tunnel 15' x 15' w&s estlmated at: 1 000 pesos/m

or 1) m11110n pesos for the entire length as of 1972, and 45 million pesos o
'as'of 1975. : '

jb; Talllngs transportatlon to the sea N
Concrete launder supported by concrete saddles, piers. and towers w111
"be prov1ded Tunnels w111 be constructed ‘when the llne has to- cross mountalns.

':,581m113r1y, when towers or plers for launders go beyond ‘60 £, hlgh, ‘pipe

>11nes w111 be usad 1nstead {;-p.l :

The”eonstructlon cost was estlmated to be about 1, 000 pesos/m or 10

- mllllon peSos for the stralght 11ne a8 of 1975.-~
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Co" DisPosal at the sea'erea:

The sea bottom around ‘Rabon at the eastern part of the Llngayen Gulf

is almost flat w1th1n 5 km from the ooasb so that 1% 1s neoessary to enolose":

the area’ w1th bulkhead or causevay. The reclamatlon area is aboutb 50 square:i.

kin, and the bulk constructlon ‘cost amouan to about 50 mllllon pesos.

'd. Repayment of the cost

The talllngs produced by the four (4) mines ab thozﬁéuo Riverfauouu%s:':
“to 24,100 t/d at present, and more than 36 000 t/d or 8, 796 500 t/year after o
texpan31on of the fac111t1es of the mlnes. In addltlon, 1 013 000" t/year ig -
.produoed by m1nes atb ‘the: Bued Rlver area, The total talllngs produced is
'9,209 500 t/year.' It w111 e 15 20 mllllon tons/year 1n,the future when

_each mine has expanded 1ts fa0111t1es.,'

The toll charges for the 11ne in thls Progect 1s proposed to be l peso/'
ton and amounts to 10 mllllon pesos atb present and w1ll amount to 16 - 20
'mllllon pesos 1n the future The oost for construcﬁlng the bulkhead or

causeway,-l e.-lOO mllllon pesos, will be fully paid in 5 to 10 years.'

1é._ AsSessmeut of the'feolaimed'iand
If an ‘area- of about 50 km2 1s reelalmed the assessment amounts to
1 000 mllllon pesos.- On the eastern 31de is 8 1ow rolllng hill whlch is not

.sultable Tor’ agrlculture alﬁhough wide enough for 1ocat10n of an 1ndustry.

The land preparailon and other cos ts are 20 pesos/m

'T3 1,5 F8331b111ty Study Plan for TLP System

_ The outllne and program of the Feas1b111ty Stud1es planned but not
followed by the Phlllpplne Government is shown 1n Table 3—1. i

. '_e.- .

3. 2 BASIC CONDITIONS EOR THIS FhASIBILlTY STUDY

_ i In preparatlon for the present Feaslblllty Study, a prellmlnary survey
-was conducted in December, 1977 and a one month flled survey was carrled

'out in February, 1978

Durlng the fleld survey, the Memorandum concernlng the ba31c cond1t1ons'
3for thls feaslblllty study'was exchanged between the Phlllpplne and the

: Japanese Governments.- ?he memorandum_ls shown in Append;x A=3-1,
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Table 321 Work Thems and Study Program

O oameMmoNTn . |1 2 3 als el s 910

1. Data review - . - S
. 2,5Engineéiihg-5£udieg

. a§xTop0graph1c e _ 1. S
f; burveys R e e

T:b}?Hydrographlcj}*" AR R .
_Surveys R R SR e

-:cq'Hydraullc Studles

_dﬁfGeolcglc Stud:es

,eL"Foundatlon o :
' Inyesﬁlgatlon S -

.-_f; Geptqdhﬁiéai & s
Geologieal . L

‘g HBydrawlic” . R
~ Modelling . - . . ¢ — 2 —

f'h;;Labor tory - Cl ek
 ﬁest1ng .' '{ﬂ_ . —

f_'i.bEnv1ronmental & .
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:_a. Study executlon o

b Subm13310n & Dis’ j y
“cussion to B.O.M, Lo . ==

4};?éa$ibiiit&jRéport”..
&, Preparation. | Design

- b Submission & Dis= | - o starts
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Below are ﬁhe baalc condltlons re&ched 1n the agreement between Phlllpnﬁw

l'plne and Japan ooncern:ng the present fea31b111ty stu&y.p:”a"

(1) The fe331b111ty study covers the de31gn of the: TLP system, whloh has
ppreV1ously'been proposed by the Phlllpplne Governmenb and other proposals

'to ‘the flnal talllngs dlsposal in the Llngayon Gulf

.(2): Th]S Progect of TLP system w1ll be establlshed on condltlon of the
' partlclpatlon and cooperatlon of the relaped 31x (6) mlnes And the Bagulo

'ﬁ.mlnlng dlstrlct

' (3) The TLP system oon81sts of the follow1ng three (3) portlons. _

tPeeder 11ne from each mlne to Camp 4
Common 11ne from Cap 4 to the Llngayen Gulf
TPinal dlspoeal at the Llngayen Gulf, -

E: P Feeder 11ne 1s under the oontrol of each mlne.' Therefore, the 1ndepend—
fenf program of each mine 1s respected.‘ However the feeder 11ne should bé- "_
'located upstream of and close +to the common 11ne.f The technloal recommend- '
atlons concernlng'the feeder llne are ‘o be supplred to the mines 1n view

of 1ts 1mportance.

'tb; The route and sp901flcatlons of the common 11ne w111 be determlned
d;ebased on the results of the fleld survey. Moreover, the oon31derat10n on .
p-'the spe01el con31derat10n in the speclal condltlons of thls PTOJect is
‘1ncluded in: the stud1es of constructlon of tunnels and line fac111t1es,

" the programs of operatlon and malnﬁenance, and the costs.'.f"m’a

c;.. lhe flnal treatment in the Llngayen Gulf shall take the form of reclam- e
oatlon. Several systems are concelved for 1ocat1on and method of reclamatlon.:
fEach dlffers from the others in 1ts effect on the sea and 1n “the’ constructlon
cogt, The system to be adopted is left fo the Judgment of the Phlllpplne

Government In: thls fea31b111ty study, some plans are proposed

' (4) Wlth reg&rd tofhe effect of talllngs on the sea envlronment after the p_ _
_'talllngs has been dlsposed 1nto the sea &rea, whlle the problem of the overflow '
: ffrom 4he dam’ and spread thru the rlver w1ll be ellmlnated, the problem of the

' overflow from the reclalmed land and direct spread into the sea w111 arlse.'?
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'.;As the talllng samples Laken durlng the fleld survey'are llmlted in nebure,
1t 1s dlffloult to Judge thelr tobol effect on’ the sea area, Furhtermore,
the Sea enV1ronment needs longmterm observations, We can, at the prGSént

'{Tstage, show only-the sampllng dota on hand

(5) The term of the common 11ne constructlon works w111 ‘be planned as short

as p0531ble in v1ew of “the urgency of +this PTogect

.3 3 ERAMPIES OP TAILINGS DISPO%AL SYSTEMS

The talllng dlsposal systems now employed in the world are 01&881fled

o oas Below._

'_'d.: Dams are constructed around a mlne and the slurry 15 transported from
”the ore. dre331ng 31te to dams over & relatlvely short dlstanoe and accumulated
t 1n them. The overflow of the clarlfled llquld is dlscharged into. rlvers '

'through a; oertaln part of “the dam.'

' t;ﬂf Ponds are bullt around a mlne and the talllngs are temporarlly stored
+in them. The overflow 13 dlsoharged from a certaln part of the pond '_It 1s'

: 'used for relatlvely small scale mlnes._

:c.'_ Volume of the talllngs from ore dr6551ng proeess is reduced partlally

ox by half by charglng 1t 1n the plts. The remalnder is dlsposod in the dam; _
'd; f=The tailingSJis-ﬁtilizéd'as aggregéte.

B e.' The talllngs is transported to a sea shore and dlsposed 1f no sultable -
1ooa,10n of dam is" avallable around the mlne, In th;s method, the trans-.

1 poratlon methods are d1v1ded as below. 

o 41) Plpe 11ne, launder llne or-a comblnatlon of both are uSed as the
'_1transport 11ne from the thlckener at ore dreSSlng 51te.

;Example. Atlas, Marcopper, etc, in Phlllpplnes R

ii)'_A long-dlstance talllngs transport is’ made as 1n'the 1tem 1):thru
‘dams around the mlne.d ‘ ' '

.:PjExample- Aklta Pre.-ln Japan._ )

— A4 = :



iii)  Slurry flow passage is formed onm bhe surface ground and allow theJI
slurry to flow by grav1ty utlllzlng the 1andform and weabher-'
_condltlons.' : ' o

.Example: El Salvador in Chile.
Taiiiﬁgs:disposal systems ab the Séa'aréa aré_c1assifiéd_as followé:

i) 'The talllngs 1s dlscharge& 1nto the sea accordlng to depLh top0m'
_graphy of the sea bobtom and leal flow condltlons. ' '

o The transport Ilne'ls extended to:a certaln p01nt-1n the sea to
disghargé ‘the tﬁilings-frqm,tﬁ§ ehdf The.discharged élurry.ié
‘carried away by the oécan:current;_ o '

| 'EXampie:;'Atlas'in Philippineé.
| (See Appendix A—3—2)

[} A causeway 1s consbriched from the seashore toward offlng &m&_~
slurry 15 dlscharged from end of the ﬁranspurt llne laid on the
causeway._ The slurry 15 used as’ foundatlon ‘of. the causeway.

: By'free séttlement the slurry 1S partlally dlsposed by tlde.
Example' Malcopper in Phlllpplnes
(See the_AppendliA =3- 2)'

o Plpe 11ne 15 1a1d on the sea’ bottom to a . certaln polnt aﬁd.the
slurry is dlscharged from end . of ﬁhe llne. Solld p&rtlcles in the
slurry'are carried away by the sea bottom current

: Example' Pechlney in Prance

.'ii)'.Dam or.ﬁond is éonstructed on the éahd’area of. the sea coast and
ii_the talllngs 1s 1mp0unded w1th1n it din “the. same pattern as 1n the
;1tem a).- The averflow of clarlfled 11qu1d is digcharged from 2 _
certaln part, or neutrallzed before dlscharge 1nto the sea dependlng
upon the requlrements of- “the area, Settllngs after the riewtrali-

_zatlon treatment are dlsposed in’ the dam or pond
) The dam dr -"po'nd fill‘e’d -w’ifh' J'ohé faﬂixigs is 'cm}vered with soil
: brought from other places and then planted w1th trees for a long '

range stablllzatlon of the structure.

- 45[?
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