


) ICEN LIBRARY

\\\‘\\\\\\W \\w\w\mw\\\

: 10983

}33



THE STUDY
- ON
ENVIRONMENTAL IMPACT
- OF
'MINING ACTIVITIES
AND
COUNTERMEASURES
| N
THE UNITED MEXICAN STATES

- FINAL REPORT

MARCH, 1992

JAPAN INTERNATIONAL COOPERATION AGENCY



BEEBHERE \




PREFACE

- In response to a reQuest from the Government of United Mexican States, the
‘Japanese Government decided to conduct the study on Environmental Impact of
M_inlihg. Activities and Countermeasures and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent a survey team to Mexico headed by Mr. Shigeru Hashimoto of Dowa
Mining Co., Ltd. aver three periods of January to March 1991, July to September
1991 and February 1992,

The team held discussidﬁs;'With the concerned officials of the Government of
Mexico, and conducted field surveys. After the team returned to Japan, farther
studies were made and the present report was prepared.

T hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries. o

I wish to express my sincerest appreciation to the officials concerned of the
Government of Mexico for their close cooperation extended to the team.

March, 1992
Kensuke Yanagiya

President

Japan International Cooperation Agency
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1. INTRODUCTION

In July 1990, The Government of the United Mexican States requested the
Gove1 nment of Japan to conductl an extensive study on “Environmental Impact of
Mining Activities and Countermeasures in the UnIt_ed Mexican States” as a part of
national policy in its mining industry. B_ased on :fﬁis request, an agfe'emeht was
made in August, 1990, as the Scope of Works (S/W) between the Gever"n_ment of the
United Mexican States and Japan International Cooperatien Agency (JICA), the
.official agency for the Government of Japan, to realize this technical

_ cooperation program.

The main obj'ectiv'e of the Study is,' ‘as indicated in the above S/W and the
inst:ruction given by JICA in December, 19990, to formulate appr oprlate
envlronmental protection measures at the mining sit,es through the following

investigations of present environmental conditibn.

(1)Investigation on. environmental .influ'e:nce of tailing dams by eoll.a'pse of
embankment and outflow of {va'ste materials.

{2)Investigation on contamination ef sﬁrf‘ace aﬁd g’rou_nd wa.ter by mi'n'e effluent.
(3)Investigation on scattering dust parti_cles- carried away by'the wind from

: tailing'dams.

Technology trahsfer to the Mexican-countei‘parts assiﬁged in this study is
.also included througheut the programn. _

This Final Report describes present environmentall situafion obtained from
the field investigation performed over dry and ralny seasons and practical,

appropriate countermeasures for improvement.






2. Outline of the Fieldlnvestigatibn









2, OUTLINE OF THE FIELD INVESTIGATION

Field Investigation was planhed in two stages,in dry and rainy season.The
first part was carried out in dry season from Jan. 21st (Mon} to March 27th (Wed),
1991, for 66 days and the second was in rainy season from July 15th (Moh) to Sept.
18th (Wed) for another 66 days. The survey areas were the following threc mining

sltes as designated Iin the §/W, shown in Fig.2-1 and Fig.2-2.

(1)E1 Bote talling dam, State of Zacatecas (hereafter referred to El Bote)
(2)Parral tailing dan, St.ate of Chihuahua (Parral}
(3)El Coco new tailing dam (proposed) site, State of Sinaloa (New El1 Coco)
Principal objects of the survey were as follows.
(a)Cellection of data regarding topography, geology, meteorology,
mineral procassing plant and tailing dam
{(b)Geological reconnaissance in and around the survey areas
(c)Study on geology and ground water movement through electric
exploration |
(d}Study on geology and ground water movement through boring works
(e)Measufement of flow rate and velocity of surface and ground water
{f)Analysis of chemical components contained in the surface and ground water
{(g)YPhysical propertles'of soll constituting tailing dam .
{h}Physical properties of soil around New El Coco dam construction site
(1)Analysis of chemical components like heavy metal fons, contained in the soil

(j)Scattering of dust fall from the existing tailing dam

Based on these technical data obtained through the survey, following

matters were analysed and Investigated collectively.

- 1.Local hydrographic system including surface and ground water (a~ 1)
2.Influence of dam efflueﬁt and penetration on the ajacent area (a~ f,h)
" 3.Evaluation for_physical stability of the existing dams (g)
4.Constructive estimation for the proposed dam site (h)

5.Environmental influence of dust fall from the existing dams(j)



The above-mentioned investigation matters are almost comann to .‘thé'thr'eé
areas, however, r:ictual survey plans were finally decided after considering
local sltu'ation In each area and _adopting CFM's request as far as possible
| through successive discussions. Also some modification was ma(_le in each afea

due to limit of the working days.-

Electric exploration and boring works were actual_ly. pei'forméd by local
contractors after written agreements were signed respectively. Location of
exploration lines and boring holes were previously designed by the’ Preliminary
Study Team but finally declded by this Study Team with minor changes due to |
local topographie conditions. | : |

Physical properties measurment for soll Investigation was'also =~
commiséioned_ to é. local contractor. . -

. Chemical analysis of soil, Water. -dust ete, was undertaken by Te'ca’niachélco

Research Laboratory of: CFM.

Actual survey works were advanced as illu.s_tralted in Fig.2—3 and -2-4.
Table 2-1 shows total amount of the electric exploratidﬁ and boring works in
| each survey.area. - ' , |
Detailed results -obtaiﬁed in each survey area are described in the- .

following Chapters.
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Table 2-1 Total Amount of Electric Exploration and Boring Works

Survey Area El Bote Parral New El Coco
‘Bliec. Exploration _
{(Dry Season) 49 stations 60 statiors 26 stations
Boring ¥orks No.. Depth(m) No. Depth(m) No. Depth(m)
(Dry Season) Riverside Riverside Riverside
B-1 10 B~1 10 B-1 50
B-2 30 B-2 1% B-2 104
B-3 20 B-3 40 B-3 20
— R — B-4 30
3 60 3 65 B-5 id
B-6 16
Damsite Damsite B-1 14
p-1 29 D-1 17 B-8 14
D-2 19 | b-2 12
b-3 15 R —— 8 257
— 2 29
_ 3 63
Sub Total holes 123m bholes %4m 8holes 257m
(Rainy Season) | NOWE Riverside Riverside
B4 15 B~ ¢ 20
Damsite " B-10 15
D~3 17 B-11 15
B-12 . 15
B-13 16
_ 5 75
Sub Total 2holes 32m Sholes 76m
TOTAL fholes 123m Tholes 126m 13holes 33Zm

Remarks: Riverside borings were aimed at ground water movement but
not always located in the vicinity of a river, while
damsite borings were drilled in a tailing dam to study the

propérty of soil. Refer to Location of the Drill Holes



3. Sui'véy Results and Countermeasures
| in the Area of E1 Bote | |









3. SURVEY RESULTS AND COUNTERMEASURES
IN THE AREA OF EIL BOTE

3.1 General Situation
3-1-1 Location, Topography and Climate

El Bbte mine, one of the survey target, is located 2km northwest of
Zacatecas, the capital city o.f the State of Zacatecas, in the central Mexico. It
i.s ahout 2.40051 above the sea level. The climate here is "Step type”. Average
temperature throughout a year is 10~ 15 C but goes down to 7' C in the winter
season. The rainy season usually runs for five successlive months starting in May
till September, the rest of which is almost dry. Annual rainfall averages 660mm .
Throughout the dry seasocn the south-west wind blows so hard.

As to vegetation in this area, cactus and some shrubby plants like mulberry
are mainly seen. On the dowhstream area froun the mine, spreads an alluvial fan,
which is being used as a pasture or a farm-land of corn, peas, red pepper and
the like. In the north-west district, 10~ 15 km from the mine, are located
several wells owned by the city authorities to supply service water to the city

of Zacatecas.

3-1-2 Outline of the mine

El Bote nﬁne was started by a private person in the late 19th century as a
gold-silver-lead mine. Then, it was taken over by Bote Mining Co. in 1912, by
Pittsburg Mining Co., U.S.A., in 1924 and then, by Carnegie Mining Co. in 1935.
S_ince 1972, the entire operation has been unified by CFM as an organization,
"Unidad Minero Metalurgica Ei Bote", and operated untill now.

Total output from the underground mine reached 166,000 tons in 1989.
According to recent records, nietal contents in the crude ore are 0.8 g/t Au, 110
g/t Ag, 0.5% Pb and 1% Zn. Its mineral processing plant has a capacity of 650
tons a day, which is the highest among the whole plants owned by CFM. Up to
1987, lead and zinc concentrates had been recovered separately by differential
flotation method, however, due to decrease in metal in the crude ore, it has
been converted Into bulk flotation for the recent four_ yvears to recover single
sulfide bulk concentrate. In these days, when the metal contents are

comparatively high, differential flotation is operated temporarily. In this case



about 600kg of sodium cyanide (NaCN) per month is added into flotation pulp to
separate lead and zinc and this .could bring water pollutidn problem of mine
effluent. When bulk flotation is employed this harmful reagent is not used at
all. Metal contents in the bulk concentrate are 20 g/t Au, 3,000 g/t Ag, 6% Pb
and 12% Zh. Water consumption in the plant is about 1,400m® a day, of which
1,000m™ is supplied as fresh water from the underground mine and the rest is
recirculated from the tailing dam effluent. Waste materis diséharged into nearby
rivers without any treatment.

Tailing materials from the mineral processing and cyanidation plants are
now being deposited with. upstream deépositing method in the tailing dam,
situated on the opposite side of the Valley.. The height of the dam is over 40m
with avérage slope of 45° , The north-western part of the dam has already been
plled and now the south-western part is being filled. The tailing material is
classified with cyclo.nes,' of which 'underflow, coarse and medium sized sands are
discharged into the central part. | '

On the enbankment slope of the dam, a lilly-shaped crevice showing outflow

of deposited sand is clearly seen. Any countrmeasures are urgently required.

3-2 Geology
3-2-1 Outline of geclogy

¥l Bote Mine in the survey area is located near Zacatecas, Capital of
Zacatecas State, on the western slope of the Sierra Madre Occidental. A large
scale Caldera structure Is recognized.in the area of the south of Zacatecas and
the northern end of the structure is cut by La Cantera Fault which extends from
east to west. The survey area is located at the north of La Cantera'Fault. where
the La Cantera Vein lays in N¥-SE direction.

The basement in the survey area mainly consists of Triassic Pimienta
metasediments. The metasediments is covered by Eocene andesite of Tertiary age.
La Cantera Vein and rhyolite dykes intruded into these rocks. La Cantera Velns
developed are caused by tension fracture accompanied with arching of early
stage of the caldera forming Post Eocene, and after, the Veln was deforméd and
enlarged by the movement of gravity fault. In the survey area, La Cantera Vein
is the biggest and the most economically important vein deposits, which is rich

in silver, In the Pleistocene period, the fans developed along the western foot



of Sierra Madere Occldental by the erosion of the mountains, and recently

Terrace has formed along the rivers.

3-2-Z Geology and geological structure

Geologlical Interpretation by aerial photographis, field reconnaissance and
drilling works were carried out in order to clarify the geology of .El Bote area.
As the result of the survey, if was confirmed that the basement of this area is
Plrnienta metasediments of Triassic and the layer represents about 60% of the
whole site, shown in Fig.3—2;1.3~2~2 and 3-2-3. The Pimienta metasediments show
irregular direction both the strikes and dips because of the complex structure
of folding. However, the observatibn that the dip of the layer generally
inclines NE to E or SE except the area of western end indicates the lower layer
is distributed in the western area and upper layer in the eastern area,
respectively.:- The'basement rocks, as called metasediments, was generally
. affected by low grade metamorphism. Metamorphic rocks, mainly composed of
phyllites, widely distributes in cenfral and northern part of the area.

The Eocene andesites of Tertiary distribute covering unconformably the
basement in the south—eaétern part of this area. The strike of NW-SE and the
strike of NE direction afe considered to be dominant in thé andesite.

The rhyol.ite dykes of post Eocene and the ore veins, prominent as La Cantera
Vein and c_losely'rela.ted with the rhyolite dykes, have the direction of WNW-ESE
and OCéur as belt tybe distribution crossing the northern part of El Bote
tailing dam. The Quartefnary old fan deposits form flat plane in the |
north-western and central part of this area. Recent terrace deposits develop
" along the river by erosion of the old fan deposits.

The Pimlenta metasediments foi'ming the basement was structurally affected by
folding. The possibility. of existence of an anticline axis near the drilling hole
B-1 with NNE-SSW direction is high (Fig.3—2-4). The dips and strikes markedly
change bordering the area near B-1 hole (Fig.3-2-1,3-2-2 ,and 3-2-5).

Fig.3-2-6 shows fracure servey sites. Fig.3-2-7 shows Wulif's net of fra_cture
directions. From this survey, It Is also considered that there are faults with
‘three'différelit directions, One type is NW-SE stretched parallel to the
direction of that of the La Candera Vein mentionéd before. This fault is

consldered to be fbrmed by tension fracture following the formation of the

w_.ﬁ_.



Caldera structure in the southern part of the area, Other two types of fauits
have approximately NE-SW and ENE-WSW direction to cut the velin., Thelr strikes
are approximatly parallel to the strike of the basement. However, the nature

of them is unknown.

(1) Triassic system (Pimlenta metasediments)
The Trlassic System in the area named Pimienta metasediments is composed of

phyllite, sericite schist, limestone, quartzite and slate.

@ Phyllite _

The phyllite shows grayish white color and extremely fragile by
weathering. The rocks are very stratified and laminable or fissile,. The
“distributed area is biggest l.n the system and occupied the n_orthern and the

central area. Dips and strikes are irregular by generally'remarkable folding.

@ Sericite schist

The genesis of the sericite schist in this area is origi_nated from alteration
of phyllite to yield the small.amount of serlcite. It sho_w.s white or grayish white
color and be remarkably fragile. The distribution is in the northern part of El

Bote talling dam and is partly recognized along the vein.

@ Limestone _

The limestone shows dark graysh color, and hard and dense. The rock
generally has the follation structure in muddy part, showing zonal distribution
within both two strata in the south-western part of El Boie mineral processing
plant. The traces of an old stope remains on the slope-of the hillside of‘ thé

south-western part of the area.

@ Quartzite

The quartizite distributes in south-eastern part of the El Bote-miﬁéral
processing plant showing zonal distribution south to north direction. It is
considered to be formed by the same metamorphic process of phyilités.from sandy

rocks.



® Slate

The slate exists In the uppermost énd lower layer of the Triassic system. The
distribution is in south-eastern and western area near El Bote plant, The
distributed area in the western part is particulary large and the occurence was
conflrme_d by the three dfilling holes for the observation of gro.undwater
located in the west of anticline axis. By the observation of drilling cores,
éomparatibly fresh part of the slate shows black, but, in weathering part it
ShOWS gray to brownish color.

The lamina Is remarkably developed and calcite veins are crystallized and
easily crushed along the lamina. The strike and dip of this layer are not
constant due to the small folding (.intraformational folding), However, the
strike and dip are approximately N45~ 55° W and 10~ 40° NE, respectively, in
the western part of B-1 drilling hole. On the other hand, the strike and dip are
N40~ 70° E and 20~ 40° SE in-thé eastern part, respectively. Judging from this

observation, the anticline axis is presumed to exist near B-1 drilling hole.

(2) Tertiary System
The Tertiary System is composed of andesite of Eocene, rhyolyte dykes and
ore veins of'post Eocene. This has not been confirmed by drilling, however,

recognized by the survey of surface and mine.

. O Andesite’

The andesite is alter'ed and shows dark greenish to dark greenish gray color.
The distribution of the andesites is In the south-eastern part of the area and
coveré the basement unconformably. The rhyolite dykes mentioned later intrude

into this andesite layer.

@ Rhyolite dyke

The dyke rock is hard, dense, and greenish white to pale yellowish white
rhyolite. The dykes consis_t of many rock veins intruding into the andesite of
Eocene aﬁd show WNW-ESE direction in the central part of the area., The
__dls_tribution is cléarly recognized through the aerial photographs. The dykes
are exposed near the tops of the hills to fofni the ridges located north of El

Bote plant.



@ Veins
The geological map of the ore veln has been made by El Bote Mine., The age of
the milneralization was mentioned already. The veln system occured in the
concentric cirele with same center of the Caldera during the‘Caldera forming
process and located in the southern part of the area_with N45 . ~ 85" W of the
_ strike and 50" ~ 700 SWor 75° NE of the dip. The vein system includes Au, Ag,

Pb, Zn, Cu and economically most important in this area.

{3) Quarternary system
The Quaternary syStem is composed of old fan deposits of Plelstocene, the

terrace deposlts of Holocene and recent talus deposits.

- @® 01d fan d_eposit.s _

The deposits form the gently flat plane in the central and north-western
part of the area. The deposits are mainly compdsed of poorly sorted sands and
gravels with large amount of angular' gravels of Pimienta metasediments and

rhyolite.

@ Terrace deposits _

The deposits distribute along the present river and are =c:omfirmed at all the .
drilling holes of B-1, B-2 and B-3 for the observation of groundwater. The
existence of the deposits in the B-1 drilling hole located upstream side from GL.
-2.80 to 8.60m in depth, and the occurence is gravel bed, fine grained-sand bed,
ni_edium grained sand bed, fine-grained sand bed, and medium to fine-graihed sand
bed from lower part to upper part. The deposits in the B-2 hole in mid—stréam,
exist in GL -2.00 to 8.00m in depth,and the cccurence in B-2 hole 1s gravel bed,
fine grained—san'd bed, very fine-grained sand bed from lower part to upper part.
The occurence in B-3 hole located in downstream is silt bed with gravel iri GL.
0.20 to 5.10m in depth.. The sorting of the grains in the sand beds develo'ps well

in the lower stream side than in the upper stream side.

@ Recent talus deposits

These deposits are composed of sands and gravel's deposited in the present

_g-



river bed with the round to subangular gravels of the basement rocks, acidic

rocks and andesite.

' 5-3 Electrical Prospecting
3-3-1 Method of Survey
The purpose of electrical prospecting was to examine the underground

resistivity. The Schulumberger's Electrode Arrey was used In this survey. This
method uses the four electrode arrangement inresistivity Vertical Electrical
Sounding(VES). Schinterx Model IPCT7 (2.5KW) was used in this prospect and its
Maximam AB"spacing of AMNB c¢lectrode system is 400m .

.The survey was carried out with 49 stations arranged on 20 lines. The
iocation of f:he stations is shown in Fig.3-3-1. Data of the sﬁrvey were processed

to analyse resistivity with the software for analysis (RESIX PLUS DC).

' 3-3-2 Results of Survey
The anélysed resistivity is clagsified into following four groups and is shown
In Flg.3-3-2. |
S Zone: tens to thousands of Q - m
L. Zone: Less than 100 Q - m
M Zone: 100 ~ 200 @ - m

H.Zoné: more than 200 Q - m

L zone shows low resistivity, M zone shows medium 1'esi$fiv1ty, H zone shows
high resistlvity and § zone shows complex zone of low and high resistivity.

S zone forms the surface in thickness of 5m ~ 45m, the average thickness is
20m. S Zone ié composed of fhe.recent terrace deposits ( Holocene of
Quarterriairy), old fan deposits and weathered overburden of phyllites, slates
and limestones of Triassic System.

M zone and H zone forms in the éastern part of 9-39-27 line and the lower
part of S zone. There are less L. zones in the eastern part of f:hls line, But, M
zone (Medium resistivity) or H zone (High resistivity zone)is formed in the lower
part than 150m of S zone.

M zone and H zone are compoSed of phyllite and limestone of Triassic System.

N A]_,mbst all the part of H zone corresponds to the part lying between Triassic



System. M zone and H zone correspond to the part of the axis of anticline and
the eastern wing of the anticline from the geological s'trucﬁufe;

Ground water movement was observed in S zone and L zone in boring test.
From this fact, It 1s considered that S 'zoﬁe an_d L zone are aquifer. M zone s

-aquitard and H zone Is aguiclude or aquifuge, respectively.

3-4 Hydrology

The water system of the survey area is shown In Fig.3-4-1. Thé El Bote River
flows down through the southern part of the mineral processing plant from the
ESE to WNW. The purpose of the survey is to examine the effect of the waste
water from the tailing dam on surface and groundwater. The collection of flow
data and various analysis of water were .carried out at the points shown In Fig.

3-4-1 both in the dry and the rainy season.

3-4-1 The Surface Water

The flow rate of. the rivers in the survey area is generally small thro'ughout
the year. The branch was particularly dried up in the dry season. Survey of the
rate of streamflow and analyéis of water qﬁélity were carried out at the points
shown below both in the dry and the rainy season. _ o '

In the dry season, sampling siteé for streamflow are No.1~ No.8, and for
water quality are B-Di and B-R1 ~ RS. |

In the rainy season, sampling _site for streamflow are No.0~ No.8, and for -

water quality are B-D1, B-Wl and B-R1 ~ R7.

(1) The flow rate of surface water

..'I‘he measurement of current veiocity by Price flow meter and calculation of
the rate of streamflow (cross-sectional area of flow) was carrled out at No.0 ~
No.6. The results are shown in Table 3-4-1. Fig.3-4-2 shows modified chart of the
flow rate on 20,March in the dry season and on 12 to 13,August in the rainy

 season. o

From Fig.3-4-2, the vai‘iation in the streamflow rate is large In the sections
between No.1~ No.4, No.4~ No.5 and No.5~ No.6 in the dry season. In the rainy
season, the variation of the flow rate is large In the siream between No.0 ~

No.l and No.5~ No.8. ' The reason of these phenomena is presumed as following; |



@ Variation of streamflow in the dry season
1)) .Increase in the flow rate between the points No.1 and No.4
It is estimated that the flow rate at point 4(1,2138.1 m®/day)is derived f'rom
the addition of the Talamantes River(880.4 m>/day) to the main steram of the [l
‘Bote River at point 1. 'I‘herefore; it is presumed that the flow rate of the main
stream of E1 Bote River is approximately 330m~/day. The waste water from the

Parral plant flows into the El Bote River in this point of the river.

il) Decrease in the flow rate between the points No.4 and No.5

In thlé section of :the ri_ver, thé fiow rate amount, 1,213.1m3/day at point 4,
decreases down to 572,0m%/day at point 5. About 640m>/day has disappeared,
‘because weathéred slate is exposed on the bank of the river at both points,
thicknéss of the river deposits Is thought to be almost constant. And, also the
effect of evaporation is negligible In this short range. There are only two
houses in this section. So, the decreas in the water is not by thiér home uses.
These facts indicate there might be anothér reason of disappearance of water of
about 640m®/day In this section of 0.5km. The surface water is considered to .
make not only underflow to the river deposits but also rapid seepage to
“underground.

The geologlcal structure and the result of electri.cal prospecting indicate
thét there is an axis of anticline around point No.4, and the river cuts across
the axis of anticline and flows to the west guided by the incliination of the
1ayer(Fi'g.3_—4—1). And low resistivity (less than 100 Q_ - m ) zone spreads out to
the west into deeper area. These facts indicate that the surface water easily
penetrates to underground in the western side from point No.4, and it is
considered that this may be the most reallstic reason of the river water

penetration.

1if) Decreas.e of the flow rate between thé points No.5 and No.6

The _de_cr'easing amount of the flow .is only 160m~/day. The amount Is
considered by the penetration of the river water into un'derground, because of
. the geological environm.ent in this section ls almdst the same as the section of
the area of the lower reaches from No.4. The amount of penetration is leés than

that of the'upper reach's section, because of decreasing cracks in the far
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distance of the folding axis.

@& Variation in the flow rate in the ralny season
1) Increase In the flow rate between the points No.0 and No.1
Increased amount of'447.3m3/day at point No.1 I_S estimated to be derived from
a big branch of the river in this area and flow of waste water from the mine into

the river.

ii) Decrease in the flow rate between the points No.5~ No.6

The 1,212.3 m®/day of the flow at point No.5 decreases to 484.2m%/day at point
No.6. Approximately 759m~/day of thé flow disap’pears. in this section. The flow
also decreases in the the dry season. Developing cracks due to the folding are

considered to be the main cause of the decrease of the fllow.

@ The Variation in the flow volume .in the dry and the rainy season

The variation of the flow volumé is generally small in the survey area. The
flow volume in the dry and the rainy season are approximately the same at
points No.4 and No.6 and others.

Compared with the data of the dry season ahd that of the rainy season iﬁ
upper reaches, the flow at point No.1 is approximately tﬁice of that in the rainy
season. Each fact seems to be contradictory from thé seasonal characteristics.
But, the'w_aste water from the mine flows into between No.1 and No.2 and the
variation in the flow volume in this section is more affected by this variation
than the seasonal change. The flow at No.2 and No.3 aré affected by the
difference of the amount of evaporation. The flow volume in the dry and the
rainy season are nearly the same. The sea_sonal change can not be recognized in

this section.

(2) Water quality of the surface water

The sampling of the surface water was carried out at the 9 pdints of B-D1,
- B-W1 and B-R1 ~ B-R7 in order to analyse pH and pollutants. The analysis data of
the samples of surface water are shown In Table 3-4-3. Background and water
supply cei_ling' of pollutants ére shown in Table 3_-.4—2. The results of chemical

analysis are shown in TFig.3-4-3.



@ Background contamination

Point B-R6 is located in the uppermost reaches in the site, is not affected by
CFM nﬁneral prdcessing plant and_pri_vate plant. But, as the area and its
environs are widely affected by natural mineralization, the water Includes Cu,
Pb, Zn, Fe, As and Cd. The background in this area is obvlously contaminated and
no connection with the existing plant. Particularly, the contents of Fe and Ccd
exceed the upper limit of the Environmental Standard of Pollutant Content all
over the area, so the river water in the area is not good for drinking.

The afea including peoint B-R7 has the same tendency except As content.

@ B-R2 contamination

It is necessary to pay attention to the analysis data of B-R2 sample.The
results of analysis of the water from point B-R2 shows extremely high content
of pollﬁtants such as Cu, Pb, ¥e, Cd, Total Cr and As, and shows abnormally high
- content compared with that of the wéter at the other peints. |

The point is located along the branch at upper reaches of CFM tailing dam

and within the dlstributidn area of ore veins. The private mine is located in the
upper reaches than this point. There are many bounding stones with Including
Qre.piling to as thick bed 1ﬁ the riverbed. River water flows trickiing in the
rainy season. In the dry season, water is little showing yellowish orange color,
and 1s stagnant. Sulphate minerals crystallize in the bank and on the riverbed.
Compared with chemical analysis data of water in the dry season and in the rainy
season, the content of pollutants concentrate in the dry season. The
co_ncentfation of pollutants is due to scarce rain fall and increased
evaporation.

‘Therefore, the extreme ﬁollutlon of the water at point B-R2 is malinly caused
by the distribution of vein near surfaée and little from the slime and waste

water from the private mine located in the upper reaches.

® Contamination néar CFM processing plant

The salﬁple at B-W1 is the waste water discharged from CFM plant to a settling
pond. The content of pollutants is shown in Table 3-4-3. The contents of Pb._Fe,
Cd and Total Cr exceed the upi)er limit of the Environmental Standard of

Pollutants Content. The settling pond into which the waste water is flowing is



located Just the lower reaches of the tailing dam which was constructed using
topographical feattires of E1 Bote River. The contents of pollutats(Ph, Fe, Cd
and Total Cr) exceed the upper limit of the Environmental Standard Pollutants
Content all through the season. It suggests that pollution by Zn is malnly
caused by the material supplied from the upper reaches. It is obvious that the
origin of pollution is the mine water from point B-M2(San Bartolo Mine) which is
discharged to the upper reaches of settling pond.

@ Contamination between B-R6 and B-R1
Point B~R1 locates in the lower reaches of. B-R6 but in the upper reaches of
CMF plant, therefore, B-R1 is not affected by the dressing plant. By the surface
water analysis of this area, the contents of Fe and Cd exceed the uppef limit of
the Environmental Standard in the dry season. Addition to the Fe and Cd
content, the content of Pb also exceeds the upper limit of the Environmental
Standafd in the rainy season. The waste water discharged from Purisimg Mine,
which locates between B-R8 and B-R1 makes the water quality worse. By the
éné.lysis data of the mine water of Prisima Mine{near B-Ml), the cbntents of Pb,
Fe and Cd exceed the upper limit of the Environmental Standard. As regard to
the content of Pb, the waste water discharged from the mine is obviou_é;ly
responsible. B-R! point is the same point as No.l described in the P;ig;3-4"1.
The change In the low rate is considered to be affected by the change of the
discharging rate and discharging time from the fnine, and the measurement time
as well, It Is less affected by seasonal change. Thefefore, the water quality at
the-poiht is considered to be affected by the change of mixing ratio of the
amount of waste water from the mine and surface water from the upper reaches,

and sampling time of the water.

® Contamination between B-R3 and B-R5

In the section between B-R3 and B-R5, the contents of Pb, Zn, Fe and Cd
exceed the upper limit of the Environmental Standard in the dry season. In the
rainy season, only Fe and Cd exceed the limit of the Environmental Standard.
Judging from the analysis data (Table3_—4—3),the background contents_ of Fe and
Cd exceed the limit of the Environmental Standard, the content of pollutahts is

considered to show the general charecteristics of the area due to preciplitation,



which dilute the local charecteristics in the rainy season., On the other hand, it
is presumed to occur the concentration of the pollutants due to the marked
decline of precipitation and Increase of evaporation. As the result, the
contents of Pb and Zn are considered to exceed the upper limit of the

FEnvironmental Standard refiecting local pollution.

® Summary

The number of origins of the pollution of the survey site is considered to bhe
three mineralization zone near B-R2, the settling pond of thé CMF plant and the
outlet of waste water of Prisima Mine. However,the mine water of Prisima
Includes Zn 1.7 %, which is less than that of surface water of this site{B-Rl ~
B-R7). The water from the mine hardly affects the pollution of tﬁe area of the
lower reaches. Therefore, the biggest origin of the pollution is the
mineralization area near B-R2. The slime and waste water from the mine in the
upper reaches of the area gives some influence on the pollution . There are
some posibilities that penetrating water from the settling pond gives some
influence on the poll'ution.

pH of the waste water from the dressing plant and river water except the
sample at B-R2 is in the 1;ange of 7.50~ 8.20, which is weakly alkalinic. However,
the sample of B-R2 shows strong acidity of pH 2.55. From the facts, B-R2 area is

obviously recognized to be markedly polluted.

. 3-4-2 Groundwater
Electric prospecting and survey of the streamflow(current speed) with ltilhree
observation holes, and analysis of water quality of the observation holes and
underground mine were carried out in order to examine the influence of waste

water from CFM plant and the tailing dam on groundwater.

(1) The flow rate of groundwéter '

The survey of the flow rate (current speed}and the position of aquiferous
layer was carrled out In ’chree observation holes along the El1 Bote River, just
the lower'reaches'of the tailing dam. The strainer tubes made by vinyl chloride
of 50mm of inside diamet.er were inserted in the drilling holes. Current speed was

measufed'using micro fiow meter. The results are shown in Table 3-4-4, Fig.3-4-4,



and Flg.3-4-6. In B-1 hole, because of very weak current, aquiferous layer
could not be confirmed. In B~2 hole, the aquiferous layer was recognized in 2
strata of EL 2,308 ~ 2,310m and EL 2,315~ 2,320 m, respectively. In B—3.'hole,
aquiferous layer was recognized In EL 2,302~ 2,314m. ' _

The equivalent-resistivity plans of the d'ep'th of approximately EL.2,310m and
EL.2,320m by the resisitivity of underground are Shown in Fig.3-4-5. The plan
shows that both B-1 and B-2 are located In the low resistivity zone of less than
100 € - m. It is presumed that the existence of the fault from the shape of
lso—resiétivity line of 150 @ + m and 200 Q - m, and also considered to exist
groundwater along the fault. The aquiferous -1ayef exists within. slate, it may
be slightly different from shale of Parral,’ 'p'e'rmeable layer exsists In the'
resistivity zone at least less than 150Q - m in Parral area, According to the
reslistivity in Parral, the permeable layer is conslidered to éxist in the zone
less than 150 Q - m of resistivity. The éurrent direction of groundwater is
considered to WNW along the low resistivity zone. The rev:iew of the survey Is
| shown in Table 3-4-5.

According to Table 3-4-5, the flow rate of the lower aquiferous layer in B-2

hole is approximately 430,006~ 560,000 m>/day, and that of the upper layer is
170,000 ~ 310,000 m*/day. llowever, the measurement value in B-2 shown in
Fig.3-4-6, as the location of B-2 is nearly the edge of the low resistivity zone,
it is possible that the whole flow rate in low resiétivity zone is less than the
average flow rate of groundwatér. It can be estimated by the fact that the flow
rate of the hole of B_—3 is larger than in B-2 which locates In the upper reaches.

The current speed of groundwater generally increases in rainy season. The

groundwater level also rises approximately 0.6m in B-1 and B-2, and
approximately 0.8m in B-3 in the rainy season compared with the dry season. .By
the fact, the groundwater in shallow place along the El Bote River occur to

change of the flow rate reflecting seasonal change.

{(2) Water quality of the ground water
The water samples are collected at 8 holes of B-Bl ~ B-B3 and B-M1 ~ B-M3 in

order to analyse water quality 1nchiding measurement of pH. The result is shown
in Table 3-4-8.
Considering the result shown in Table 3-4-6, there 'is slight difference



between B-M1 ~ B-M3 which were sampled in mineralized zone and B-Bl~ B-B3 in
shallow bed along the river. The contents of Pb, Fe and Cd of thé mine water of
B-M1 ~ B-M3 exceed thé upper limit of the Envirohmental Standard. On the other
hand,  the content of Cd in B-Bl~ B-B3 decreases and the contents of Pb and Fe
exeed the upper 1imit of the Environment Standard. The contents of Cu, Pb and
Total Cr In B-Bl1 ~ B-B3 along the river increase in the dry season, and Zn, Cd
and Hg were detected in wet season. It is considered to be caused of the
flactuation of groundwater level and the flow rate, or the vertical and
horizontal change of the stream flow, and permeable layer is presumed to
-élightly differ in the dry and the rainy season.

Therefore, the groundwater in shallow bed along the river fluctuates not
“only in the flow rate but also in water guality affected by seasonal change. The
content of almostl all the pollutants in the sample af B-M2 which is the mine
water of San Bartolo Mine is higher than that of other groundwater samples.

Partiéularly, the content of 7Zn shows abnormally high value of 140 ppm.
Mofeover, pH is lowest different from other samples that show almost neutrality.

Almost all the waste water from CFM mineral processing plant flows into the
settling pond located just below the plant. The contents of Pb,Zn, Fe, Cd and
total Cr of the sample at B-D1 in settling pond exceed the uppef limit of the
Environmental Standard. However, in the lower reaches of the piant only Pb and
Fe exceed the upper limit of the Environmental Standard. Therefore, it is not
considered that the penetrating water from the plant is the major origin of the

-pollution of groundwater which exists in the lower reaches.

3-4-3 Groundwater Flow System Simulation

Optimum simulation blocks of physical and hydraulic p1 operties are modelled
around E1 Bote Mine. A Groundwater flow system 1s simulated by these properties
which are obtained by integrating the results of
meteorological,geological, hydrological surveys and soll test.

By this simulation, clarified are water table, flow direction and flow speed.
Simulation results are éontribute’d 'to calculate effective goundwater harness,

waste water recycle and mining pollutant dispersion.
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{1) Simulation Method

A numerical simulation for groundwater flow is conducted by the use of three
dimension simulator "GWSSD2P" originally developed by Dr. Hiroyuki Tosaka of
Tokyo University. In this simulator, Darcy's law and mass balahce equations.are
analysed by Finite Difference Method. The details of this simulator is described
In Appendix A "Nunmerical Simulation Techﬂology for _Subs.urface Fluld Flow".

(2) Simulation Model
@ Block Model _

Simulation area lIs rectangular,15km wide in the KW direction and i2km wide in
the NE direction (Fig.3-4-8). E1 Bote Mine is located In the southeastern side of
the area. The veins and fissures generally strike northwest around El Bote ore
deposits. The water supply pump of Zacatecas municipality is located on the
northwestern side of the area. The simulation is conducted to predict the
pollutant' dispersion from El Bote mine to the municipality water supply pump.
Consequently, t'h.e direction of the simulation area'is in accordance with the
vein strike, and the area 1s decided to cover the mine and the pump site. ‘The
simulation depth is decided to 1,800m above sea level .-becaljse of the pumping
200m below the surface at the municipality water supply site and the pumping
150m below the surface at El Bote mine site. ' _

The .slmnlation area is divided into 30 blocks In the horthwest direction, 31
blocks in the northeast direction. The block size is 200m x 200m wide around E1
Bote mine, 1.2km X 1.2km wide around the marginal area. X and Y axes are in the
directions of NW-SE and NE-SW, respectively In lthe figure.

Vertically, the area is divided into $ underground layers and 1 atmosphere
layer, total 10 layers. The uppermost atmoshere layer is the first layer Z1.
Surface layers Iar.e 10 to 20m thick, deep site layers are 200m thick. The height
of each block is represented by the elevation of the center of the block as |

Fig.3-4-9 shows.

@ Permeabllity and Porosity Model _
Permeability and porosity of each simulation block are determined by
Integrating the geological,geophysical and hydraulic pfoperties.

Geologically, the mountain side, in which El Bote mine is situated, is



underlain by compact Triassic and Tertiary rocks which are not permeable. On
the other hand, the hill side is underlain by thick alluvial deposits which are
pe.rmeable. Triassic rocks of hill side is assumed to be situated 1,900m above sea
level, which rocks Is situated in deeper site than the rocks of mountain side,

- The fissures and veins around El1 Bote Mine generally strike in the NW and NE
directions. Therefore, The rocks which accompany fissures or veins are
permeable In this direction. ‘The mountain side is upheaved in the N-S direction
and the permeable fissures parallel to this direction are also recognized in the
boundary between mountain side and hill sidé.

As the results of the electrical prospecting and boring observation, low
resistivity zone and low-high complex resistlvity zoune correspond to aquifer.
Intermediate resistivity zone corresponds to aquitard. High resistivity. zone
corresponds to aquiclude and aquifuge.

As compared with geology and geological structure, the aquifer zone is
equivalent to alluvial deposit and the Traissic-terrace deposit boundary and
fault zone. The aquitard is equivalent to weéthered overburden and fault
periphery. The aquiclude is equivalent to surface_soil'and ¢layey terrace
deposit. The aquifuge is equivalent to the Triassic of mountaln side.

As the results {Table 3-4-7) of grain size distribution, the aquifer
permeability coefficient of alluvial sandy deposits is 10 cm/sec (sample
No.BR-1,2). The aquiclude permeability coefficient of clayey terrace deposit. is
107% ~ 10 ®cm/sec (BR-3,4,5). Consequently, the aguifer permeability coefficient
of alluvial sandy. to clayey deposits is set to 5 X 10 “em/sec. The aquiclude’s is
- 107%cm/sec. The aquitard's is 10 “cm/sec. The aquifuge's is 10 "cm/sec.

At E1 Bote inine, several big veins are embedded. The veins have been mined 3
km long along the strikes, 400m wide and 200m deep below the surface, So, the
permeabillty coefficient of the vein zone is presumed to be 10 Zcm/sec, because
the vein zone corresponds to big fault zone,

Porosity is presumed to be 30% to vein and dquifer, 20% to aquitard, 15% to
aqulclude, 596 to aquifuge, respectively

Table 3-4-8 shows permeability and porosity model. On the basis of this table,
‘Fig.3-4-9 s'hows. rock c¢lassification. In this plane map (X-Y CROSS SECTIONAL

VIEW), lthe coordinates of left-bottom and right-top ends are (X1,Y1) and
(X30,Y31), respectively. In the cross section {Y-Z CR0OSS SECTIONAL VIEW), left



and right ends are Y31 and Y1, respectively. The legend No. of Table 3-4-8
corresponds to it of Flg.3-4-8,

@ Hydraulic Model _

El Bote river flow down northwestward near El Bote mine. As Fig.3-4-1 shows,
No.4 ri_ver flow measuring point is situated downstream from El Boté mine. At this
No.4 p.olnt. flow rate is constant through dry: and rainy“sea.ts.on. On-the.bth’er
hand, upstreanm from this point, the river is divided into tributary streams which
are not constant flow rate. Therefofe, the flow rate 1,200 m“/day is set at No.4
point for Simulatl_or_l.;

Each Water level of the observation wells is set for simulation as to be
situated at the top ’of the third layer counted from atmOéphere layer. However,
| the water level at El Bote mine is set at the top of. of the seventh layer because

of pumping water from the mine tunnel which is 200m below the surface.

@ Meteorological Model
Annual preciplitation 1s 400mm on the average. 95 percent 6f it precipitate

during rainy season from May to September. Therefore, during 5 months, the
precipitation is 380mm from May to Séptember. Duri.ng other 7 months the
precipitation is 20mm. . ' | |

Evaporation data are referred from New El Coco ocbhservation. Evapéi-atio'n of
it ranges .35 to 0.84mm/day. _ .

Recharge rate is set as Omm/day during_dry season, 2mmm/day dﬁr’ing- r'ainy

season, by precipitation minus evaporatibn.

® Recharge Discharge Model

Groundwater of El Bote mine is pumped 200m below the surface at the rate of
1,200m%/day. The municipality well pumps 200m below the surface at the rate'.of '
1,000m=/ day. The mineral dressing plant of EII Bote mine diécharges waste watér

at the rate of 1,000m%/day. _ _
These coordinates are (X1,Y29), (X26,Y12), (X24,Y11), respectively.

(3) Simulation Results

Fig.3-4-10 shows groundwater saturation maps. Rainy seascn-lﬁap is of the 150th
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day, counted from the first day of rainy season. Dry season map is of the 360th
day, which 1s end of dry season, counted from the first day of rainy season, In

this m’ai)s, .blue color zone is saturated with free water. In accordance with t;he:
changing blue to ye.llc')w, the saturation level decreases.

The alluvial deposlts area (A site) shows hi'gh' saturation degfees of the
surface layers in rainy secason compared with dry seeson. The mountain side (B
site) s_ﬁow same saturation de‘g_rees_ In both rainy and dry seasons., This means not
rem&rkeble change of groundwater. level ,but change of saturation degrees
.above the groundwater level. “This difference of saturation is attributed to the
small water level varlation In both scasons.

Therefore, there is a strong suspicion that pollutants are stored in the
surface layer, because the groundwater including evehtwafer moves in the top
thin layel' in the aquifer, under the variable depth of water table.

100% saturated zone is'ivldely distributed in the surface layers on the C and D
side ,compared with A side . El Bote Mine is located at weakly saturated zone of
Site E, from which groundwater is pumped. |

Influence of the El Bote river flow is clearly recognized .down to the G site ,
below to the second and third layers ,and weakly fo the fo:urth layer. The
:lﬁfluence range is 7km west from the El Bote Mine, 2.5km wide, 80m deep.

The waste water the El Bote mine is discharged at the rate of 1.000m3/day.
Flow rate of the El Bote river is 1,200m3/day. Most of the flow is attributed to
the waste water discharge. From the results of chemical water analysis, Water
pollutlon is attributed to mineralization zone or the discharge from the other
mines rather than E1 Bote Mine.

In either case, the cont_amiriated water infiltrates down to the alluvial area
(hill side). To prevent this infiltration, pollutants extraction and waste water
reejfcle should be conducted not so as to discharge the waste water into El Bote
river.

Fig.3-4-11 shows groundwater velocity plane and cross sectional maps. Rainy
season map is of the 150th day, counted from the first day of rainy season. Dry
season map is of the 360th day, which is end of dry season, counted from the
firsi: day of raihy season. The veloeity is presented by X, Y, and Z components,
that is NW—SE, NE—:SW, and vertical directions, respectively. The length of

segnments Is proportioned to the velocity.
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The seventh layer maps of rainy season (the 150th day) indicates clear flow
direction to the El Bote mine tunnel(E site). In the alluvial area (A), the
velocity of Y component is remarkably larger than of‘ X component., Thls :
indicates that the groundwater flows south-westward, because this flow
direction is caused by the potential inclination fi‘om north-eastern mountain -
side to south-western aliuvi_al hill side. The velocity of the dry season is
weakly slower ,but has the 'same direction as the rainy season. -

The municipal water well is situated at the site F on the map. Not observed the
flow direction from El Bote mine to this site, because above-mentioned potential
inclination prevents the flow d.irection from the El Bote mine to this well.
Judging from this simulation, the direct influence of the waste water of Kl Bote
mine is not considerable. _

It is easy to estimate that polluted groundwater flows to thé well faster
than present rate of groundwater flow ffom' mountain side to hill 'sid_e,. if
punmping up too much groundwater to keep the balance of the groundwater
potentlal distributions of present, for example, people needs mich amounts of
water for drinking _and for industries in the ZaCatecéls clty.

We certalnly propose, thereque. to make a observation system of groundwater
to know the behavior of polluted groundwater from the mining area. The cross
section maps of the gréundwater velocity show the down-flow in the surface
layers, the up-flow in the deep layers, and lateral flow in apart from the mine.

This lateral flow is rapid in the surface layers.

3-5 Soil -

Accompanied with mining activities, some harmful metal _elements are
transported as ions after dissolving into rain and groundwater, or carried away
as dust by the wind. Both transportation result in the accumulation of these
clements in the soll. To know the present situation,14 soll samples were taken

for chemical analysis of the 9 elements, Cu,Pb, Zn, Fe, Cd, Sb, Cr, As, and Hg.
3-5-1 Assay resultis

Fig.3-5-1 shows the soil saupling map in and around the mine:slte.' "~ These

assay results are given in Table3-5-1.



(1) Cu |

© Higher level of copper content, 220 and 470ppm, are detected in the samples
BS-2 and BS-3 respectively. These were talkken at nearest points to the CFM
talling dam. Samples, BS-1, BS-1, BS-B3, and BS-B5, taken from the south-eastern
part from these points also show the high contents over IOObpm. ‘On-the other
hand, samples, BS-B8, BS-4, and BS-B7taken fron the weét of the dam, show lower
levels of 37, 33, and 88ppm, respecfzively.

(2) Pb

Samples, BS-2, BS¥B2, and BS-B4 contalin the higher levels of 1,400, 1,000,
and 530ppn respectively. Samples, BS-B1l, BS-1, and BS-2 also show high levels of
840, 740, and 560ppm. These values form a highly contaminated zone around thé

dam.

- (3) Zn | |

‘Samples, BS-1, BS-2, BS-3, BS-Bl, BS-B2 and BS-B4, contain higher levels of
1,900, 3,200, 940, 4,200, 1,900, and 740ﬁpm respectively. These form a highly -
contaminated zone around the dam. Other samples show. the values between 100 ~

BOOppm.

(4) Fe
Samples, BS-B3, BS-B5 and BS-BS contain higher levels of 7.5, 8.8, and6.7%

respectively, while the others are under 5%.

(5) cd |
- B5-B1 shows the highest level of 44ppm. Also BS—2 and BS-B2 in the
environs contain the high level of 26 and 19ppm, however, unlike the other

elements no markedly contaminated zone is seen.
(6) Sb

All the values analyzed are between 20~ 70ppm. The highest is 68ppm of BS-BS6,
while the lowest is 20ppm of BS-1.



(7) As .
Samples, BS-1 and BS-2 contain the higher levels of 120 and 190ppm. Others
distribute in the range between 7~ 7T4ppm. A highly contaminated zone is seen

around the dam but not so high as Cu, Pb and 7n.

(8) Hg
The highest value is 3.4 ppm of sample BS-Bl.

3-5-2 Resulté and discussion

As the_ results of.the soil assay in El Bote area, ‘some ex_traordinarily high
level of contamination were detected except Fe and Cr. Es;iecially, around the
tailing dam, concentration of Cu, Pb and 7n is remarkable.

In this concentration zone the ratio of Cu:Pb:Zn is not always constant
and this sﬁggests that the contamination is not brought from any single source
but from diversified sources like geological features or natural
mineralization dust particles carried from the dam and effluents -of the minlng
activities. _ ,

In the samples of BS—4,_BS'—7 and BS—S, take_n from the west of the dam,each
metal content is lower than the otﬁers. Since this region is riot affected by
dust, mineralization and other geological features, these levels of metal

content supposedly represent the average in the Quaternary Sediments.

3-6 Tailing Dam
3-6-1 Purpose of the survey

The purp_(;ses of survey of the tailing dam are as follows:
(1) To study the drainage conditions of the tailing .dam in the rainy season in
order to make the practical counter plan of the waste water drainage.
(2) To carry out Soil tests of the banking materials of the tailing da_m in order
to study their characteristiés and to evaluate the stability of the dém based on
the characteristics of the material. _ |
(3) To study the possible outflow of soll in rainy weather and tblexamine' the

proper counterplan.



3-6-2 Outline of the survey
(1) The survey of present situation of the tailing dam
@ Drainage condition of the tailing dam in rainy weather
‘@ outflow of soil in rainy weather |
(2) Observation of water level (Phreatic line measurement in the tailing dam)
{3) Sampling of undisturbed cores in order to make laboratory soil tests
{4) Laboratory soil tests
{5) Measuremeht of cross section of the tailing dam
(6) Levelling
() Environmental study _
Collection of meteorologlcal data{precipitation, wind direction, wind speed,

ete.)

3-6-3 Results of the survey
(1) Present situation of the talllng dam

There is no surface water in El Bote Tailing dam, because the dam is unused
now. Rain water partly infiltrates into the dam and others overflows as surface
water. The paths of sufface water is shown in Fig.3-6-1. The surface water of the
first dam flowé through the big lillytrench of the central part of the bank into
* the second dam, and the water flows out through slope failure of the southern
slope together with the surface water of the second dam. The 1illy trench will
be further scoured by ralnfall. There are slime deposits of several centimeter
lthick around the dam. It is obvious that the deposits flowed out due to rainfall

on the slope,

(2)Pore Water Pressure Measurement

For estimation of saturation water 1level in the dam, water level was
observed at each stage of boring works. Then, water head. between the static
water level and boring depth was 6btained to estimate the pore'water pressure.
At the bottom of the hole strainer tubes were set for successlve observation.

As the result of observation, water level in the hole BD-1, were GL-21.0m and
GL~20.8m in the dry and rainy season respéctively. In the hole BD-2 they were
GL—i4.4m and GL-14.2m réspeétivély. There was little difference of water level

between dry and rainy season. Conséquently, it can be concluded that pore



water pressure did not increase in the rainy season compared to the dry season.

{3) Sampling and laboratory sbil tesis

Sampling of undisturbed samples of deposits with thin wall samplef around
.the dam and laboratory soll tests were carried out. The numnber of the samples
for the laboratory soll tests and items of the tests are shown below. Sampling

points are shown in Fig.3-6-2. The quantity {s shown in Table 3-6-1.

@ Laboratbry soll tests
The results {Table 3-6-2) of the laboratory soil tests are summarized below.
i) Water content measurement
ii) Specific gravity
1i1) Grain size distribution
iV) Density measurement
V) Liquid limit test
Vi) Plastic 1imit test
Vii) Triaxis compression test

Viii) Permeability test

@ The results of the soil tests
i} Measurement of specific gravity
The specific gravity of the soil particles of the dam .embankment was 2.59 to
2.62, the average value of which was 2.61. The sp.ecific gravity of the deposifs
was 2.61 to 2.84, the average value of which was 2.63. These values are
approximately the same as those of ordinary alluvial clay(2.6 to 2.8). Therefore,

the samples are judged to be congromelate of ordinary particles.

ii} Water content and dlen'sity measurement

Wet density( o t) and natural water content(W) have close relation.
They are shown together in the table 3-6-3.

Natural water content is higher in deposits than In tailing dam. Wet density
is a_little higher, tdo. p + in ordinary alluvlal deposits of .sand is 1.60 ~ 1.80.

Considering from this value, both materials are in dense condition.



{i1) Grain size analysis

Curves of the soil of dam and the'déposits are shown in Fig.3-6-3, showing
that the distribution range of grains 1s between 0.005 mm and 0.425 mm, which
means the grain size in this area is comparatively uniform.

The rélation between uniform ecoefficlent{Uc) and coefficlient of

curvature(U'c)is as follows;

Ue=10,1 < Wes  Uc (bad grading); 0 sample
Ue < 10,(uniform grading, .bad grading) ; 4 samples
Uez 10, U'c slor We>V Uc i 0 sample
(composite grain size distribution, bad grading)

Judging from the analysis, whole s‘amples are "poor grading",

1v) Liquid limit test and plastic limit test
The average values of the tests for.the materials soil of dam and the
deposits are shown in Table 3-6-4.

Compared with the values of the materials of the soil of dam and
deposits, plasticity index of the material of the tailihg dam is higher. This
means that the deposlits ;:ontaihs much silt, clay, and adhesive. However,:
consistency indices(Ic) which mean stability of soil are as follows;

soil of dam : Ic=2.2>1 |
deposits : Ie=0.4<}

These show the tailing dam is more stable than deposits.

v) Permeability test

The average permeability coefficients of the tailing dam and deposits are as

- follows;
Talling dam k=3.95 x 167 cm/sec
Deposits k=9.82 x 107" cm/sec

The value of talling dam is In the range of the ordinary permeability

coefficient of sand to silt. On the other hand, the deposits are impermeable.

vi) Summary of the labolatory soll tests

The characteristics of the soil material of this talling dam from the results



of the laboratory soll test are summari'z.ed as follows;
(tailing of dam) _
a) Distribution of particles 1s uniform and the grading is bad.
by) The soil Is comparatibly compact from denslty measurement
" ¢) Packing among soil 'p'a.rticles. is comparatibly stable.
d) Permeabllity is the same aé that of the ordinary silt to sand.
(deposits)
e) Specific gravity and grain size are almost the sanie as those of the tailing
dam. However, it contains much silt .
f) Stability of soil is lower than that of the talling dam.
g) Permeabillity is lower than that of the tailing dam.
5 .
(4) Estimation of the section of the tailing dam
The geological cross section of the tailihg dam was estimated from
measurement of cross section.and results of drilling test. The estiméted_cross
-section is shown in Fig.3-6-4. The boundary of dam and deposits _co_uld not .be
estimated from drilling test and soil test. Therefore, it was esti.mated by
studying the bank construction of the dam as shown in Fig.3-6-5. Phreatic
surface water was decided from drilling data aﬁd seepage position on the slope

of the dan.

(5) The estimation of present stabillt& of the talling dam _

@ The stability of this.failing dam was estimated with the data abovementioned.
The stability analysis and other studies are carried out according to "The
construction standard _o_f rubble/slime deposition mound and its explanation
(Industrial Location and. Environmental Protection Bureau, Ministry of

International Trade and Industry, Japan).

i) Equation for stability calculation
Stability calculation of the t‘alling dam is carried out as follows;

TRC 0 +{(W—U.’ *blcosa -Kh-¥ssina }fanqé ")
Z (R+¥sina tKh+¥+h)

Fsg =

Fs: safety factor

R : radius of sliding surface (m) _



W : weight per unit length of each slice (t/m)

U": static pore water pressure on the each sliding_ surface
(t/m®) |

U : pore water pressure on the sliding surface considered
to the excess pore water pressure by ligquefaction (t/m%)

Xh: design seismic coefficient

b : width of slice(m)

a : angle of vertical line and straight lilne connected from the
middle point of sliding surface to the center of cireular arc of the
sliding surface (*) _
h 1 vertical distance between the center of gravity of each
slice and the center of sliding surface (m)
9 : length of sliding plane(m)
¢ ,C': adhesive power and internal friction angle, respectively,

calculated with effective stress(’,tf/m")

i1) Phreatic surface

Phreatic surface of the talling dam is assum_c_ad equal to the highest water
level of the dam. Phreatic surface is estimated based on the hydraulic
structures such as phreatic surface of deposits, foundatibn, drainag'é conduit
and filter layer.

Phreatic surface during depositing and after completion of deposition is

obtained by actual measurement.

- @ Stability analysis section
The section for stability analysis of the talling dam is the section with

highest phreatic surface accofding to “the Construction Standard of Tailing
Dam". In case of’ this tailing dam, surface water does not usually exist, because
of the termination of the dam. Therefore, the section of the western slope
which has highest effective height and the steepest a#erage gradient is selected
for the stability analysis. _ _

Stabiiity analysis was carried out with a compﬂ_ter system. Stability énalysls
program is MINE/FS-1979. It is necessary to model the shape ‘of the section.
Model of the section shape is shown in Fig.3;6-6.



® Soil constant

Soll constant of each zone for st;abl.lity analysis of the tailing dam was
decided by laboratory soll tec;tq However, as some dispersion was recognized in

the test data, 1rregular data was eliminated from use.

1) sediments-1 (Zone- D)

These are coarse grailned deposits classified with cyclone. Soil constant is
as follows; 6s=2.81, ¥=14. 8%, o t=1.136g/ce’

y=1.136/ (14 142

¥ _ s
pd:pt/(l*—[—o—o" 700 Y=1.512g ¢ca

e=(Gs/ pd)-1=(2.61./1.512)-1=10, 727
~9.61, ¥=14.8% pt=1.736g/cn®"

148 y=1.512%/ ca®

W . :
pd=pt/ (1t 100 y=1.7367 (14 100

e=(6s/ pd)-1=(2.61/1.512)-1=10. 121

oo WG | 148X2.6L oy

e 0.727 .
From the values shown above, density in saturation(Sr=100%) and water

content are estimated as follows;

P sat = {welght of soll)+(weight of pore water)

t

o a+{l+ p a/Gs)
1.512 +(1- 1.512/2.61)=1.933 g/ cm®

Shear strength is as follows;

¢ =30.0°, c=0.00 tf/ m*

i1) deposits-2 (Zone- &)

Gs=2.63, ¥=235. 7%, pt=1.7T74 g/cms‘

¥ “35.7 -
pd= D‘?/(ljr m )= 1 774/(1+ m“" )=1. 3078/(‘.1}]

e=(6s/ pd)-1=1(2.631.307)-1=1.012

WeGs _ 35.7x2.63
e 1.012

psat= pd+ (1-p d/Gs) _
= 1.807+(1-1.307/2.63)
~1.810 g/ cn® |

Sr=

=92.78%



Shear strength Is as follows;

¢ =23.0°, c=1.00 tf/ m"

@ :0ther conditions
1) séism"ic:intenslity _
According to "Construct'ion Standard of Tailing Dam”,Kh=0.15 is adopted as
horizental motion during earthquake for strong motion area. Therefore, this

value was used in this stability analysis:

1i) the center of circular arc
The center of circular afc was decided as follows.
Polnt A (X = 50.0, Y= 2388.0)
Point B. (X = 110.0, Y = 2419.0)
Point € (X = 110.0, Y = 2479.0)
Point b (X = 50.0, _Y% 2448.0)
Calculation of stability analysis was made with the centers of circular arc

set up on the grids divided into 10m X 10m area within the range above mentioned.

iii) Increments of circular arc

Increments of circular arc is 4 R=1.0 m.-

® Result_s of the calculation _

Reéu_lts_ of the calculation using the model (Fig.3-6-6) are shown In Table3-6-5.
The 'détéll'éf-the results of stability analysis in ordinary condition {Kh=0.00),
énd the circ_iiiar arc which givés minimum safety factor in each distance in the
condition.are_shown in Figl._S—_B_—'? aﬁd Fig.3.—6-'8. And, the details of the results of
calculation in case of earthquake(Kh=0.15) are shown in Fig.3-6-9 and Fig.3-6-10
respectively. | _ |

_ﬁ?rom the result, it is obvious that minimun safety'factor of this tailing dam'
1s less than 1.0 in both ordinary and earthquake ‘conditions.In other sliding
surfaces, almost all the safety féétors in eafthquake conditions are less than
1.0, | '

: ’Therefdre; stability of this :téi_ling dam against slope failure is always

: qonsidered to be in extremely bad conditions.



The reasons are as follows;
i) As regards prevenﬂon power of the dam, the section of the dam is too
small to prevent. '
il). The gradient of the slope of the lower reaches is steep. From the-reasons
mentioned above, :it is necessary to_make immediate measure agalnst the

instability.

® Judgement of danger by ligquefaction

The dam has a risk of liquefactidn in case of earthquake, because of the
primary dam material is sand. It is necessary to judge the possibility
liquefaction of the dam materials. _

Thetre are several étandards Judging the possibility of liquefaction. The

- simple methods are using N value, grain size distribution and uniform
coefflcient. General judgement is carried out by the simpie methods at first.
After that, in case of possible liquefaction, detailed methods must be carried
out.

As regard to possibility of liquefaction, the methods mentioned below are
described In "Construction Standard of Tailing Dam". According to the standard,
in case of the following conditions, there are po.ssibllities of liguefaction.

i) The shallower part than 20 m below tailing dam surface.
i1) The deeper part from phreatic surface,
iii) The part of less than 20 of N value.

As to apply these conditions to this tailing dam, the part of @ in-
Flg.3-6-11 is to be applicable to 1) and ii) above. Héwever, N vé.lues are over 20.
It does not satisfy the above conditions. Therefore, the liquefaction In this

talling dam is impossible.

3-7 Dust Problem

It is possible that the dust particles scattered by the wind from E1 Bote
tailing dam have harmful effects on living _conditiohs in and around the mining
site. To analyze actual circumstances, various investigations were carried out
with use of meteorological observation apparatus, dust collecting jars, low

volume alr samplers (LVS) and digital type dustmonotors,

...‘33__



3-7-1 Matters for Investigation
(1) Meteorological survey with a self-recording anemonmeter’
(2) Measurement of dust density by LVS in the atmosphere
| {3) Dust sampling by dust Jars.and chemical analysis of the samples
(4) Long term observation of dust density by digital type monitors at flxed
points

(5) Collection of exlsting meteorological records

3-7-2 Survey Results
The above-mentioned measurements were carried out separately in dry and

ralny season In 1991 calendar year. ‘tThese results are described below.

(1) Meteorological observation

Observation points are illustrated in Fig.3-7-1. The results obtained by the
self-recording anemometer are summarized in Table 3-7-1. Table 3-7-2 and Table
3-7-3 show the daily records of wind velocity and direction during the survey
périod.

Self-recording anemometer was installed for continuous observation at the
top of one shaft dérrick of the mine, 300m east of the dam site. Results were
recorded in a series of measurement periods,i.e., March 15-21, April 17-May 16,
May 19-June 11 and July 19-25. The results during March 15-21, covérihg typical
dry season, recorded 7.5m/s of the mean wind velocity, 16.0m/s és the maximum
and i.Om/s as .the minimum. During this season the wind blows mainly from south
and south-west (S~ SW).

The results obtained from the rest of the periods, which mostly cover the
rainy season of the'year, recorded 1.2m/s of the mean velocity, 12.0m/s as the
maximum and O0m/s as the minimuﬁx respectively. The wind also blows mainly from S
~ SW as in the dry period. Unlike the dry season, the wind often calms dowﬁ to

Om/s from 8 a.m. in the morning till 20 p.m. In the evening.

{2) Dust jar o
Dust jars were ,installed around the dam site as shown in Fig.3-7-2,
Table 3-7-4 shows the measurement results.

BD-1 On the roof of the main office of El Bote mine, 50m east of the



talling dam end

BD-2 Inside the farm land, 300m west of the dam

BD-3 On a hill side, south of the dam

BD-4 "On the sand guard dam,. 100m east of the dam

BD-5 On a sand guard dam, 200m north-west of the dam-

Bb-6 0On a roof of a residence, west end of the city of Zacatecas.

The results of chemical analysis of these dust samples are summarized in
Table 8-7-5. '

These results indicate that heavy metal elements like Cu,Pb, Zn and Cd are
concentrated at higher levels in' the samples of BD-1,4 and 5 than usually
contained in the earth crust. In the samples of BD-2,3 and 6, these heavy meta.ls

are not confirmed because the collected samples were too scarce to assay.

{3) Low volume air sampler(L.VS)

Low volume air sampler was set as shown In Fig.3-7-3. Measurement conditions
and the results are shown in Table 3-7-6 and 3-7-7 respectively

Measurement was carried out for continuous 54.6 hours starting at 10:
45a.m.on Jan. 18 till 17:00 p.m. on .I_an.20. Total volume of the samples collected
was 2.0mg, which Is converted to 0.041 mg/m® of particle concentration in the

atmosphere.

(4) Digital_type dust monitor

Measnrem_ent was carried out at 36 fixed points for seven successive .days
starting March, 15, Measurement points and results are shown in 'Fig.3-7-4 and
Table 3-7-8 respectively. The mean value, the maximuni?and the mi'nimum_ are 25, 85
and 18 cpm respectively. Table 3-7-9 shows the .relative concentration =
. converted from the measurement data using F value obtalned by LVS observation.
Fig.3-7-5 11lustrates the areal distribution map of dust particles. A highly

_ concentrated zone is observed In the north-eastern part from the talling dam.

3-7-3 Dust Distribution in the Vicinity of E1 Bote Mine
From the El Bote tailing dam dust particles are blown up forming heavy Sand
storm when the wind velocity exceeds 10m/s. Especially, 1f the velocity is over

20m/s, it is impossible to walk on the lee side of the dam without dust
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protection glasses._ ‘On’ the north-eastern slope of the dain, dust particles have
been so accumlated that hinder the growth of planté and the living of animals.

Total volume of sand particles from the dam is greatly affected by the
weather conﬁtions. buring the.rainy season the dam surface is usually wet and
_this_keeps the dust from springing up. Even if the surface Is dried, particles
are hardly carried away because of calm wind.and heavy rain,
Consequéﬁtly,during the rainy season the dust problem may be left out of
consideration.

In the dry season, on the ‘pther hand, the wind usually blows hard from S~ SW
with mean v.ello.(:ity_- of 10m/s aﬁd ex(:eeds'zom/s instantaneously. The velocity
normally reaches the highest at around i4p.m. in the afternoon. To _understand
‘the dust problem It Is essential to analyse dust scattering pattern during the
dry season.

For this purpose measurcment resi_}l.ts with digital type dust monitors at fixed
-points are summarized in Fig.3-7-5. As can be seen from this Figure, dust
scattering pattern dra“'_rs cocentrical arcs on the lee side, N~ NE, from the dam.
Thefe exlsts a highly concentrated zone in this direction, 100m in;width and 3km
“In lt:ength.r It is clear that dust .particles are carrled away almost straight
- forward by the wind, not dispersed transversally. This suggests the possibility
of dust falling in the city of Zacatecas if the wind blows hard with a velocity
of 15m/s fi‘ofn NW direction. |

As stated before distribution of the scattered dust is greatly af‘fected by
' weai:her conditions. To know the:-past situation In this arca meteorological data
obtained through CNA (Comicion Nacional del Agua),a local authority of this -
field, were examiﬂed. -Thus, " such a wind coﬁdition as to carry the dust
particies as far as Eth_e city of Zacatecas has never beéen found in the past six
years (1985—19970). .Consequen’ciy,it can be concluded that there is no direct
influen’ée of the dust from El B_ote dam on the city of Zacatacas, nor on the
farm land west of the dam. o

Dust fall at the west end of Z_acatecas (BD-6) can be estimated as 2.0 g/m” per
month._ Concentration of flbating dust In the atmosphere. is measured as-
0.041mg/m° with 'uSe of the LVS, The sample collected by LVS in the city is not
-gand pa’rtic.l'es but brown sooly substance. This may come from industrial or

commercial activities inside the city.



Results of chemical analysis on the sanmples collected by the dust jars
Indicate that heavy metal elements like Cu, Pb, Zn and Cd are considerably
concentrated in the dust compared to those contained in the average earth
crust., When convérted into a concentration ratio to aluminum content (Al=1.0),
which is stable and regarded as one origin of the earth, ‘these figures are as
high as shown in Tablé 4-7-5. Thus,compared to the average earth crust,
concentration ranges 35~ 75 for Cu, 250 ~ 920 for Pb, 130 ~ 360 for Zn and 500 ~
940 for Cd respectively.

This high level of metal cbncentration may result from sulfide minerals, like
| galena and zincblend, remained in the flotation tailings.Consequently, If fine
particles should reach the city or resident area, no matter how little volume
may be, this could bring serious problems on en#ironmental-circumstance in this
area.

As stated before, it is concluded that there ié no direcf or visible.
influence of dust particles on the city of Zacatecas at present. In the long term,
however, possibility of alr contamihation, which coﬁld be brought by h_eavjr
metals transported with very fine particles, can not be denied completely.
Therefore, some countermeasures are inevitable to prevent dust scatteri'ng from

the dam.

3-8 Summary of Investigation

This area is formed on the Pimienta of Metasediments of Triassic Period. The
River El Bote, maln stream of the area, passes south of the El Bote minerél
processing plant and tailing dam running toward northwest_by west. As a result
of the survey, ground water is likely to run underground al_ong this river. In
the rainy season ground water level rises by 0.6~ 0.8m with increased current
movenent. | '

Heavy metals are highly concentrated in surface water and soils almost-all
over the area because of natural mineralization. In soil samples, heavy métals
like Cu, Pb, Zn, Fe, Cd, As and Hg are remarkably concentrated. In the samples
of surface water Pb, Fe and Cd exceed the criterion limit of water supply |
standard set by EPA(USA) in many points. Especlally, sample B-R2 show very
lower pH value of 2 with extraordinarily high content of metall-ions.' Sinée this

sample was taken from a branch river, upper stream from the tailing dam, it is



more likely affected by natural mineralization than the dam effluent.
Furthermore, it may be suffered from other mining activity situated upstrean
from CFM. |

Ground water is less contaminated than the surface, howeve'r, Pb and Fe
exceed the criterion limit at several points. Cd is also near the limit.

Cyanide has not been detected from surface and ground water during the
survey period.

| A part of the tailing dam embankment has already co'llapsed due to landslide.

Thus, an urgent counterplan is required on entire embankment. Study from the
s0il property tests also led to a conclusion that the dam stability was in so
dangerous condition. Furthermore, in the rainy season , water could run on the
dam surface flowing over the embankment. It is necessary to install suitable
drainage systenm. ' |

Influence of dust particles carried away by the wind from the tailing dam is
another problem. in the dry season, violent sand storm blows aimost
continuou’s'l_y toward the northeastern valley due to heavy wind from south or
sonth-west. This greatly affects living conditions in the vicinity. Because of
‘nearly constant wind direction, neither the city of zacatecas nor the farmland
west of the dam suffer from this dust problem at present. However, as the dust
particles contain some metal elements like Pb and Zn, it is required to carry
out longer term measurement and study the influence on human body. Without
reference to further study some countermeasures against dust scattering should

be done urgently.

. 3-9 Measures against Mine Pollution -
3-9-1 The counterplan against slope fallure of the tailing dam.
(1) Seléctién of count.erx.vorks |
The reasons of instability of this tailing dam are as follows;

@ Steep gradient of slope
@ Weak i1;)1'event'10n power of initial embankment

The counterworks must be examined based on the above reasons.

To remove the origin of instability, the following works are consi_dered.
@ Earth removal work ; remove soil to reduce overload of soil mass,

@ Counter weight fill work ; make fill-bank on the toe of the slope to prevent

. =38



land slide motion by reslsting power of fill-bank sotll.
@ Use earth removal work together with counter weight fill work

@ Prevention work ; to inerease shear resistance by pile work or anchor work

(2) Optimum counterplan |

These works shown above atre gen'erélly considered. In case of this i:ailing
dam, counter weight fl111 work Is recommended from the following reasons. .
@ Part of initial embankment is comparatibly packed. Howév_er, as cons.olidatlon
settiement has not been progreés’ed on the slime sediments, soft sediments still
remain. Therefore, earth removal work is difficult to perform. |
@ The surface of dam slope is compatibility hard by some working. The firm
surface prevents scattering of powder dust, penetration of water and scouring
of slope, 'ei_:c. Therefore, it is better for the work to leave the shape of the
tailing dam as much as. possible.
@ To cover with soil thé whole tailing dém by counter weight fill work increses
the stability of the dam, and the work is effective as the measure against mine
pollution such as powder dust aﬁd ‘water pollution. '
@ As there are banking materials near the dam, counter welght fill work is also

economical.

(3).MQdel Cross Section of Counter Weight Fill Work

Model cross section of Counter weight fill work is shown in Fig.3-9-1. .
Considering stability of slope, inclination of slope is 40% and the steps with 5.111
width is installed every 10 m height. | |

Sewage flown out from the toe of slope of_ th_e dam is led to outside of the
dam with closed drain ditch. Rocks near planned new tailiné dam site will be
crushed to be banking material. This work also helps to make the new da'm. hold
bi_gger pondage.

But, the total area of the fill bank In this section Is about 950mZ , only in
the western slope, length of the dam is about 350m, the amount of fill bank is
é.bout 330,000 m®, This is a very big amount. Therefore, fill bank is necessary to

be performed deliberately from lower tc upper.
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(4) Stability Test

Thé target 'stability after completion of the counter welight fill work was
over 1.2(Fs = 1..2). The equation and program for the stability analysis was
appliéd under the same conditions used as in "present stability analysis".

Cross section for stabllity analysls is shown in Fig.3-9-1

@ Solil cOnst.ant and other conditions
Soll constant of each zone shown in Fig.3-9-2 Is the same as that already
used in.the article "3-6 Tailing Dam". Constants of gravelly soil for the counter
weight fi11 work are decided as follows based on "Construction Standard of |
Talling Dam" and other documents because of no ‘aétual data.
pod= 1:800 g/cm®
p sax = 1.812 g/em®
c=0.00 tf/m®
¢ = 37.0° :
. -Horizontal selsmic Intensity during earthquake(XKh=0.15) and increments of
circular arc( A R=1.0 m) are the same values as in article " 3-6. Talling Dan".
'The center of circular arc are set up within the following range.
Point A (x= 10.0 Y=2395.0)
Point B (x¥100.0 Y=2435.0)
Polnt C  (x=100.0 Y=2525.0)
Point D (x= 10.0 Y=2485.0)

@ Result of calculation

The caldulatio'n result with the analysis model shown in Fig.3-9-2 is shown in
Table 3-9-1. The detail in ordinary condition énd_ circular arcs which give
minimum safety factor In each distance are shown In Fig.3-9-3 and Fig.3—9¥4,
respectively. The detall.of célculation results during earthquake(Kh=0.15) are
shown in Fig.3-9-5 and Flg.6-9-6. - o

The detail of calculation results during earthquake(Kh=0.15) are shown in
'F1g.3-9-5 and Fig.3-9-6.

Minimum safety f&étor satisfies the target value, i.e. over 1.2. Therefore,
the stability shown In thé Model Ci‘oSs Section in Fig.3—9—1 can be decided to

‘have "No.problem".



3-9-2 Measures for drainage

As the result of survey, it became obvious that rainwater flowing on the
surface of the dam In rainy weather causes the scouring of the dam surface and
outflow of soil through the scoured part of the dam.

The proper measures agalnst this phenomena is to install the drainége
facilities in order to collect and discharge the surface water. However,it is
necessary to take permanent measures against' surface water poilution, because
use of this dam has already been finished. That is, the rain water In the dam
must be prevented from contact the pelluted soil of the dam, For this purpose,
it is necessary to cover the dam surface without poiluted soil and to Install
dralnage channels after the coverihg.

The specification of the work for prevention of the pollution is described

below.

(1) Soil spreading work

.The gravelly clayey soll is used.in this work. The soil distributes in the
south-western part of the dam and in the opposite side of the temporary using
dam. Spreading depth is about 30 ~ 50 cm and inclination of the Spreading is

about 2 % toward drainage.

(2) Drainage

The outside Drainage canal, inside drainage canal and emergency drainage
canal are usually installed. However, the outside drainage is not installed,
because the area of water collecting on the dam surface is almost negligible.
Whole area of water collecting is also narrow a's 0.03 kmZ, the energency |
drainage is not instailed. Only ordinary dra,inage is_ instralied.

U type Colgate flume which is comparatibly stroﬁg against' settlement and
horizontal moving is lised, because the inside drainage is installed on the
depositing sﬁrface. Polyethylene pipe is used outside of the dam. -

The deslign of drainage inside of the dam is shown In Fig.3-9-7.

(3 Dralnage capaclty

Drainage capacity for surface water inside of the dam Is declded by the

amount of precipitation flowing into the dam estimated by probable recipitation



amount for 100 years ( The expected maximum amount of precipitation once every

100 year ).

@ Probable precipitation amount in a day

The &rranged maximum precipitation data per a day In La Bufa observatory
during 1981 ~ 1991 is shown 1n Table.3-9-2

The data plotted on the logarithmic probability graph Is shown in Fig.3-9-8.
Probable precipitation amount for 100 years(R24) is obtained by Fig.3-9-8;

R24=100 mm/day

@ Water collecting area

Water collecting area of each drainage is as f0llowing;
A1=0.03 km® ( first tailing dam }
A2=0.002 km*~ ( second tailing dam )

@ Run-off time
The equation is shown below;
T:= 1.67Tx 100 (L/V 8) ©°
=1.67x 107 (200/V 1/50) °°
= 0.27(h)

Te= 1,867 X 10°% (50/4 1/50) &7
= (0.10{h)
T: reaching time (hour)

_L: distance of Tlowing from farthest point (m}

@ Average maximum preelpitation intensity

The equation is shown below;

e
= §3mm/h
= X (it 0

I
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R Mean maximum precipitation intensity (mm/h)

R24; {designed)precipitation amount per a da'y {mm)

® Design amount of flood

The equation is shown below;

Qr = 3}6 x X RxA

Qp ; maximum amount of flood {(m“/sec)

f ; coefficient of flow ( gras_siand and forest 0.8)

A ; area of basin

The maximum amount of i1st tailing dam and 2nd tailing dam are as follows;

Q= S X 0.8x83%0.03
.= (.55m%/sec
: B {
Qer: = NG X 0.8x161x10.02
=0, 72n%/sec

{4) Section of drainage
Drainage inside of the ftailing dam is U type Colgate flume.For decision of the

size of the Colgate flume, next equation is used.

Vo= 1 S wREs3LLsE

Q = VA = —rll ChArRE/T [N
Q; outflow(m®/sec)
v ; current velocity (m/séc)
A ; area of section of the rate of flow (m%)
R ; A/L(m)
L (m)
I ; hydraulic gradient.(%)

n; coefficient of coarseness (n=0.022)
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By assumed section of dralnage shown in Fig.3-9-9;(500 x 250)
A=0,469 m* '
R*"*=0,400
I=0.02
n=0,022

To substltute these value for Manning's equation;

Q= —— o % 0.469%0.400% 0.02' 7

=1.206n%/sec

Compared to the design flood amount of lst dam and 2nd dam;
. Q=L.206m®/Sec >  Qpy =0.55m%/Sec e 0.K
+ Q=1.2086m%/Sec > Qp= O TINTSEC . 0.K
Therefore, to use the Colgate flume with section shown in Fig.3-9-9 Is
decided. The waté_f through the Colgate pipe is led to the oatlet through
polyethylene pipe with ¢ 400 mm.

3-9-3. Measure against Dust Scéttering |

Powder dust due to drying of the dam surface scatters in the dry 'séason. The
fol.lowing three works for prevention from the powder dust scattering are
considered, : |
(1) Sprinkling work: to spriﬁkle water with sprinkler.
(2) Surface hardening work: to harden the surface by sprinkling of
chemical liguid.
(3) Plé,nting ‘treatment: to -piant vegetation with spraying of seeds or turfing
lawns - _ ) | |
(4) Soll covering work: to cover with soil on the dam surface.

The.permanént'measurés again_st po'l'lutloh are necessary, because the use of
this tailing dam has élready been finished. And, taking measures against the dam
collapse and drainage problem-are.also necessary 'to'getlher' wit_:h the measures
;agalﬁst poWdér duSt 'sc.:atte.ring at the same time. As the results of examination
with consideration to the lssues mentioned above; soll covering work is
considered to be the most sultable mea$Ure agalnst powder dust scattering.

As regards soil c()véfing work, counter welght fill work on the surface of

the dam slope and soil covering work on the upper surface of the dam are



performed, according to the chapters "3-9-1 Measures agalnst the Dam

Collapse"and "3-9-2 Measures against Drainage of the Dam",

3-9-4 Measures against Groundwater Pollution

By the hydraulic observation, El Bote river water percolates underground in
the downstream area from El Bote talling dam. Chemical contents of .river water
and groundwater is higher than the usual background due to influence of veins
and mineralization zone. But, Infiltration of waste water from tailing dam and
mineral dresssing plant does not affect to the groundwater pollution.

However, it is considered that the polluted groundwéter_ flows down to the
pumping up well of the Zacatecas city easily, with the cdndition of (D small
amounts of rainfall in long terms and |
' @ increasing of population and industries in the Zacatecas city
after the consideration of
(D formerly said groundwater flow characteristics, that is, event water runs on
the surface of aquifer.easi_ly, and -

@ the present distribution of groundwater po{:ential is formed by small taking
of groundwater from the pumping up well. We havé niak'e a observation of
groundwater behavior between the El Bote mine and this well, and Iﬁonitor the
quality 61’ the punmping up groundwater.

The waste water of the mine does not control the groundwater property at
the present time, but the following measures should be done to prevent the
pollution in the future.

The. first measure is to cover tailing dam by soil covering and planting to
decrease dissolution of dam material by infiltration .of rainwater. The second is
o flatten the deposit plane for rapid evaporation of waste water. The third is

waste water re'cycle to prevent the infiltration of pollutant to the dowhstream.

3-9-5 Work Prografn and Construction Cost

Work program and construction cost for (,ompletion of each countermeasure
plan are roughly estimated as follows.
(1) Work program

Work progranm Is illusfrated in the figure shown below.



Type of Work Amount Smonth  10month  15month  20month

22I month

Counter Weight Fill Work | 580, 000 m?
: 2. 2month
Soil Covering Work 20, 000 m® poe——

: . 8month
Drainage loside The Danm 290 m -

. 0. 2month

Drainade Qutside The Dam 450 m ' e

(2} Construction Cost
According to the construction basis in Mexico, total costs are estimated as

follows.

' Unit Cost | Total Cost
Type of Work | Amount (Us$) (Us$)
Countermeasures against
Dam Coliapse and Dust Problenm
Counter Weight Pill Work 580, 000 m° 6.3 3, 654, 000
Soil Covering Work 20, 000 o’ 4.0 80, 000
(Sub Total) (3,734, 000)
Drainage
Inside the Dam 290 n 120. 0 35, 000
Outside the Dam 450 n 113.3 51,000
(sub Total) (86, 000)
TOTAL . 3,820, 000

- (3) Specification of Work
Specification of the works and necessary equipment are listedrin the

following Table.



Type of Work * Bquipment Unit Capacity | Unit

Counter Welght F111 Work

Rock excavation at Bulldozer.with Ribpéf LB e/ _ 8
borrou pit _ ; (32t ciass)

Loading of crushed rock | 'Backhoe (L. On* class) 51 w'/h 3

Tfansportation . Du.nipt.ruck (11t clallss) 17 wd/h 9

Spread and Roll Bulldozer (21t class) | 64 m'/h | 3

Cuttlng at the borrow pit | by manpower
Soil Coverlng Work '
Excavation and loadlng ‘of | Backhoe  (0.6n° class) 41 m®/h 1

clayey soil

'Transportation Dumptruck (11t class) | . .18'm’?/:h I -
- Spread and Roll . Buildozer (11t Class)ﬂr oo 41 n®/h RN |
Remarks

1. Transportatlon durmg the Counter Weight Fill Work ‘is estimated as lkm.'
2. Transportation during the Soil Covering Work Is estimated as 0. 7km

3. Working hours are 7 hours a day and worklng.days are 25 days per month.
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