Fig.4-4-11 shows groundwater velocity plane and cross sectional map. The
ralny season map Is of the 150th day, and the dry scason map Is of the 360th day,
counted f’rc_)m the first day from the rainy season, respectively

The veloclty is presented by X, Y, and Z components, i.e. E-W, N-S, and vertical
direction, -l'eépectively.

The Tourth layers map of the rainy seéson indicates 'clear flow directions
which concentrates to the Parral mine tunnel. On the northern and southern
side of the miné, flow velocity is remarkable. From the composite of X and Y
compdnents, The flow directions are south-eastward and north-eastward and
westward on the northern, soﬁthern, and eastern side of the mine, respectively.

At the boring B-3 site, the flow direction shows east because of pumping up
from the mine tunnel and this flow is opposite direction to the down-flow the
Parral river,

The boring B-1,2,4 sites don't show remarkable groundwater flow. This results
correspond with the field observation of micro flow measurement in the boring
holes,

The Influence of the pumping from the mine ranges within a radius of 1km from
the mine tunnel judging from this simulation and micro flow measurements data.
The eastern area apart from the mine shows weak flow from the high to the low
place which f.low is controlled by the topography. The fourth layers map of the
dry season indicates the same flow directions as the rainy season ,but the
velocity and Influence area is small. The eastern area apart from the mine shows
no flow in the dry season.

The cross sectional maps shows down—flow in the surface layers and up-flows
In the deep layers around the mine tunnel, apart from the tunnel,lateral flow is
recognized. This lateral flow is rapid in the surface layers. '

The mineral dressing waste water and the tailing dam waste water are
discharged at the sites of PW and PD on the ma,p,'respectively Thes.e sites
underground is not so saturated by the groundwater that Infiltrate easily these
waste water.

No anomaly from the waste water infiltration is .recognize'd from this time:
chemical tests bécause of owing the largé portion of shallo_w groundwater flow
to the small infiltration fldw of waste wa'tér._

Even though not critical observation, The suspicion of actual influence
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would arlse in the case of the drawdown of the water level In the dry season and
increasing of the waste water discharge to the river or underground, judging
froni this simulation. '
Consequently, The extraction of pollutants from the wa:s't'e water and. the
recycle of waste water should be coﬁductéd to 'p'feirent‘the 'di‘scharged of

pollutants to the river and infilltration underground.

4-5 Soil
4-5-1 Assay results _

. Fig.4-5-1 shows the soil sampling map of 22 samples taken in and around the
Parral tailing dam. The assay values are given in Table4-5-1. Fig.4-5-1 shows the

areal distribution map of each element.

(1) Cu;
Samples PS-B2,PS-B3,PS-B4 and PS-B9 contain the higher levels of 170, 160,
130 and 200ppm respectively. Others are between 15~ 40ppn.

(2) Pb:
Samples, PS-B2, PS-B3, PS-B7 and PS-B9 contain the higher levels of 8,300,
1,500, 1,300, 800 and 1,200ppm respectively. Others are between 40~ 150ppm.

(3) Zn:
Samples, PS-10, PS-B2, PS-B4,PS-B7 and PS-B9 contain the higher levels of 770,
14,000, 1,400, 1,500 and 3,000ppm respectively. Others are between 390 ~ 200ppu.

(4) Fe:
The highest value is 6.8% of sample PS-B3., Others average 3.2%.

(5) Cd;

Samples showing over 10ppm are PS-B2, PS-B4, PS-B7 and PS5-B9. Others are
mostly below Sﬁpm.

{6) Sb:
Samples,' PS-2, PS-5 and PS-10 show the highest level of 100ppm.



Samples, PS-B2, PS-B3 and PS-B4 taken around the dam show the lower, 55,20,

22ppm respectively.

(7) Cr:
All the éamples average 17ppm. The highest is 45ppm of PS-B2.

(8) As:
Samples, PS-5, PS-B2, PS-B3, PS-B4 and PS-BY contain the higher levels of 300,
6,000, 1,000, 120 and 150ppm respectively. Others are mostly below 50ppm.

(9) Hg:

The highest level is 3.8ppm of PS-B2. By comparing the assay results of 22
samples taken in the area, concentration over 0.95ppm can be considered as
highly abnormal. 8 samples are in this" high range. Since Hg comes up through
" the fissures as gaseous state from the deep ground, high anomaly is sometimes

" found locally. Thus, high concentrations are often seen in the area.

4-5-2 Chemical Analysis of Soluble Metal Components in the Soil Samples
Then, soluble metal components of the ten soil samples {(PS-B1 ~ PS$-RB10) that
| ‘were taken in the rainy seasoﬁ were detected after éxtraction of these metals.
Conditions of the extraction process are mostly based o.n the Japanese standard.
Thus; 10g of each sample was leached with 100mi of 0.1N HC1 solution for 90
minutes at room temperature (20° €) and then filtered to separate the solution.
For extraction of arsenic and lead, however, 50ml of IN HC1 and 100ml of
_ammonium acetate s_olutién (pH 4.5) were used respectively. To extract cyanide,
each sample was leached with 100ml of 0.05N NaOH solution for 120 minutes. After
exﬁfacf;ion‘ each metal element was detected with ICP (Inductivé Cupled Plasma)
method, only cyanide.was with the cyanide analyzer,

Assay results are shown in Table 4-5-2.

4-5-3 Results and Discussions
-From the assay results of the soil samples and ‘the extracted solution, it is
obvious that the soils in this area are highly contaminated with harmful metals

as well as cyanide. It is also remarkable that cyanides are not decomposed In
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the soil but remain in stable condition after aging.

4-§ Taillng Dam
.4-6~1 Purpose of the Survey
The purpose of survey of the taiiing dam is to 'obtain the data for
examining the following Issues. The purpose is aimost the same In the survey in
El Bote tailing dam.
(1) Stabllity test of the tailing dam for making the counterplan.
(2} Examining the condition of drain'age under rain condition fof making the
counterplan.

(3) Examinig the scouring of slope for making the counterplan.

4-8-2 Qutline of the Survey .

(1) The survey of present situation of the talling dam

(2) Observation of water level(Phreatic surface measﬁrement in the
tailing dam)

(3) Sampling of undisturbed cores In order to make labbratory soil tests
{4) Boring works |

(5) Laboratory soll tests |

(6) Measurement of the cross section and levelling of the tailing dam

(7) Environmental study

4-6-3 Results of the Survey
(1) Present situation of the tailing dam

As the slime is discharged to the western side of the tailing dam, the surface
water usually exists in a part of the south eastern slde(approximateiy 1/4 of
total surface area of the talling dam) and the south western side. The surface
water level rises due to raln. Traces of the water flown over the slope are
recognized in the eastern part of the dam. Traces of sline flown.over_the dam
through a collapsed part of the dam due to rain in the rainy season are also
recognized in the western part of dam where the surface water is stagnant. :
Therefore, 1t is necessary to Install the drainage in order to prevent these

phenomena.



(2} Pore. Wat_;er-Pressﬁre Measurement

For es_tlmati_(m of saturation water level in the dam, water level was
observed at éach stage of boring works. Then, water head between the static
water level and boring depth was obtalned to estimate the pore water pressure,

As the result of o‘bservation. ‘no water was observed either in hole BD-1 or
BD-2 ‘throughouf the dry and rainy season. In the hole BD-3 drilled in the ralny-
season, water was not observed elther. ‘These results indicate that there
occurs no- pore water pfessure in the dam. Thus, there s no dangerous.ness of
“Liqu.efaction of sand" by occurrence of pore wafter pressure in the dam

embankmént at present.

(3) Seil sampling and laboratory soil tests _
Undisturbed samples were taken at DB-3 and other two points, and laboratory

s0il tests were carried out with those samples.

(O The location and number of the samples for the laboratory soil tests
are shown below. Fig.4-6-1 shows sampling sité for soil tests. The quantity is

shown in the Table 4-8-1.

@ The laboratory soil tests are carried out about the same 8 Items as El Bote

area.
@ The results of the laboratory soll tests are summarized in Table 4-6-2.

i) Specific gravity test- _ _

The specific gravity of the particles of soll':of the dam is 2.6} to 2.87, and
the mean value .was_ 2.63. As the specific gravity of general  alluvial soll is 2.6
to 2.8_, the sand Is judged to be the accumulation of the average particles of
so0il. The spec_iflc gravity of deposits inside of the dam is 2.6 to 2.8, and the
average is 2.62, From this fact, thé soll of the dam is the same of the inside

deposits of the dam.

iI) Water content and density tests

As Wet denslty( p «) and natural water content(w) have close relationship,



they are shown together in the table 4-6-3. The mean values of p « and wof the
dam and deposits are shown in Table 4~6—3.. _

Natural water content of deposits is extremely hig‘hei' than that of the dam.
This 1s because the depos_its were sampled near the stagnant water. Wet density
of the dam is higher than that of the deposits and more compact. According to
the standard penetration test, mean N {ralue_ of the dam material is 32, which
shoﬁs that is comparatively dense. N valué and the results of wet density test
are consistent. Therefore, the naterial near the dam has nearly the proper

water content.

iii) Grain size analysis
Grain size accumulation curves of the soil of dam and the deposits are

shown in Fig.4-6-2. Fig.4-6-2 shows that t'he dis_tributibri range of grains are
- between 0.005 mm and 0.85 mm, which means that the grains are uniform. The
rélafion between coefficient uniformity(Uc) and coefficient of curvature(U'c)is
as follows;.

Uec=210,1 < Ue=y Uc {good grading);1 sampie

Uc < 10,{uniform grading, bad grading) :6 samples

Ucz 10, U'c £1or Ue>y Uc ;0 sample

(composite grain size distribution, bad grading)

Judging from the analysis, samples are judg'ed "poor g‘rading" on the whole.

iv) Liquid limit test and plastic limit fest
As the result of the test; mean values of LL, LP and w of the dam material
and deposits are shown in Table 4-6-4,
As the result of plasticity tes't on the dam material, all the samples were N.P.
(Non-plastic). rIr‘his means that the content of finer components than silt is small.
'In order to study the characteristics of deposits, plastic Index(Ip) and
consistency index(Ic)are calculated as below.
Tp=L1,-PL=38.0-22.5=15.5%
Ie=(LL~-W) / Ip=(38.0-28.4} 7 15.5=0.62 _
According to the above result that Ip=15.5%<20%,the charactéristics shows
that the adhesive power is easily lost in case of high Wat'er content. Ie=0.62<1

means that stability of soil is low.



V) Permeabillty test _
. The mean values of the permeability coefficlents of the soil of dam
and deposlts are as follows; -
Soll of dam : k=5.06 x 107 em/sec
Deposits ' k=0.93 X 1077 cm/sec

vi) Summary of the laboratory soil tests
The nature of soil materials is as follows;
(dam)
a) Water content i{s low and degree of condensation is comparatively
high. _
.b) Classification of the soil is "SM"(silty sand).
c) .Grain slze is uniform, and grading is not good. Therefore, the soil
will easily be quick sanded, and stability of slope is low.
d) In case of high water content, the soil easily makes liguefaction.
In case of low water content, it easily losses plasticity.

e) Permeability is normal or slightly impermeable.

{deposits)
a) Classification of soil is "SM"(silty sand). Compared with dam, the
deposits include much more fine grained components.
b.) Grading is not good as same as that of dam.
c) .Easy liguefaction and narrow plasticity range.

d} Normal to slight impermeable in permeability.

(4) Estimated section of tailing dam

The geologiéal cross section of the tailing dam estimated from cross
‘sectional measurement and boring works is shown in Fig.4-6-3.

The boundary of the dam(sediment-1) and sediments(sediment-2) was
decided with the same method used in' the survey of El Bote tailing dam. Phreatic
surface was decided considering safety side in calculation, becalise of no water

" observed in the drilling holes.



{5) Estimation of present stability of the talling dam _
The stability of this talling dam was estimated with the data above
mentioned. Stabllity test was carried out using the same standard and equation

in case of the study on El Bote tailing dam.’

@ Section of stability anélysis

Effective height of the eaétern slope of this dam is approximately 2 to 3 m,
while the effective height of the western slope of this dam is considered to be
15 to 20 m. Therefore, examination was carried out on the section of the part of
the western slope which is with stagnant water due to rain and is considered to

have the highest effective height. The modeled section for computer input is

shown in Fig.4-6-4.

@ Soll constant _
Soil constants for stability analysis.was déclded as following:
‘1) Deposit-1{Zone- @)
The deposit is coarse-grained deposits claSsiﬂed with cyclone. Soil
constants are as follows; |
65=2.62 ¥=7.9% o .=1.910g/ cn®

¥ oy na s Yy e et

pa= 0/t phy 100
e=(Gs/ pd)-1=(2.62/1.77)-1= 0. 48
_ MeGs  1.9x2.62
sr= Lfe 102 = 43.1%

Density and water content when the water is saturated is estimated with the

datav above shown.

P sav = (welght of soil) + (weight of pore water)
=p a+(l-p.a/Gs)
. =1.T7+(1-1.77/2.62)
=2.094 g/cm®
Shear strength s as follows; |
- Angle of shear resistance ¢ = 30.0.°

0.00 tf/m*

"

Cohesion c



il) Deposit-2(Zone- @)
The deposits is fine-grained after classified with cyclone, It is

so-called slime.

Gs=2.63 ¥=128.3% o .=1.680g cn®

LA , 283 s
.Od“—‘pt/(ier ).-—1-689/1(1i 700 y=1,316¢g.  cn
e=(6s/ pd)-1= (2.63,1.316)-1=0.998
Sy = ¥eis _ 28.3x2.63 =745%

e - 0.998

Density and water content are estimated with the data shown above.
p sa+ = (welght of soll) + (weight of pore watér)

p a+(l-p a /Gs)

1.316+(1-1.316/2.63)

= 1.8186 g/cm”

Shear streng_t_h is as follows;
Angle of shear resistance ¢ = 23.0 °

Cohesion : ¢ =100 tf/ m°

® Other conditions .
Horizontal seismic intensity and increment of circular arc{ A R) are the
same as those in the examining of El'Bote Tailing Dam, and those are Kh=0.15 and

A R=1.0 m, respectively.

@ Calculation results

Calculation results on the model shown in IFig.4-6-4 are revlewed in
Table?4—6—5. The deté.iied result of stability analysis in ordinary
condition(Kh=0.00) is shown in Fig.4-6-5, and the arcs(:or-the'position of the
arcs where sliding p'lane locates in the deepest) whiéh have minimum safety
factor in each distance at that time are shown in Fig.4-6-6. The detalled results
of the sf:ability' analysis during earthquake{Kh=0.15) and thelr arcs are shown in
Fig.4-6-7 and Fig.4-6-8, respectively. |

As the :résult,- the minifnﬁm sé;fei;y factor of this tailing dam is under 1.0 both
in ordinary condition aﬁd_durlng'. eari:hquake. -Saféty’ factor on other sliding

surfaces also-turned out to be zless' than 1.0 during earthquake,



Therefore, stability of this talling dam against collapse is presumed to be
extrémely dangerous.

The reasons are as follows;
1) As regards prevention power of the dam,the section of the dam is too
small to prevent. | _
i1} The gradient of the slope of the lower reaches 1s steep.

It is necessary to make immediate measure against the instability - factors

according to the study mentioned above. '

As the Instability factors wentioned above are the same as those of El Bote
talling dam, the other tailing dams constructed by the same method in Mexico

might have risks of collapse.

® Judgement of dangeroﬁs by 11qu'efact10n.

There are some risks of liciuefaci:ion during earthquake condition, hecause
the major material of this dam is sand. Therefore, it is necessary to judge
about the dangerousness of liquefaction.

_ Judgement of dangerousness by liquefaction was made based on the "Const-
ruction Standard of tailing Dam". |

When the soil meets any conditions shown below,liquefaction can occur.

i). The shallower part than 20m below talling dam surface.
il) The deeper part from phreatic surface.
iil) The part of less than 20 of N value.

The risky area on liguefaction In this tailing dam which meets the above
conditions is shown in Fig.4-6-9. The area of @ in the Fig éorresponds to i) and
ii). However, as N value of the area of @ is over 20, the area of iil) does not
belong to the risky area.

Therefore, the liquefaction in this tailing dam is impossible,

4-7 Dust Problem _ N _

Possible dust sources that may have an effect on the Parral residetial
district are the CFM tailihg‘ dam as well as surrounding dry areés .around the
city. Due to the existence of multiple dust sources, it is so difficult to
identify the dust particles only from the talling dam. Measurement of dust

concentration was carried out In the rainy season, when dust scattering from



the surrounding areas are mostly depressed.

4-7-1 Matters for Investlgatldn

(1) Meteorological survey w.lth a self-recording anemometer

(2) Measurement of dust density by LVS in the atmosphere

(3) Dust sampling by dust jars

(4) Long term observation of dust density by digital type monitors at fixed
points |

(5) Collection of existing meteorological records

4-7-2 Survey results
(1) Meteorological observation

Observation points are illustrated in Fig.4-7-1. Wind directlon and velocity
observed by the self-recording anemometer are shown In Table 4-7-1 and 4-7-2
reépectively. This observation was run for about one month starting August 4,
1991. The maximum wind velocity recorded during this period was 8.0 m/sec. The
minimum and mean velocity are 0 m/sec and 2.2 m/sec respectively. Wind
direction was mostly from the west. Throughout the obser.v'ation period, the

velocity hardly exceeded 5 m/sec.

(2} Dust jar
Dust jars were installed at the fixed points as shown in Fig. 4-7-2. Table

4-7-3 shows the measurement results.

D-1 On the roof of a residence at the southern part of the Parral city
D-2 On the roof of the laboratory by the mine office

D-3 West of the tailing dam

D-4 East of the tailing dam

D-5 0n the roof of a hotel in the city

D-6 Inslde the military base

{(3) Low volume air sampler (LVS)

Low volume air sampler was set at the three points as shown in Fig. 4-7-3.

‘Measurement condition and the results are shown in Table 4-7-4 and 4-7-5



respectively. At the point L1, measurement ran succeésively for 72 hours

- starting at 11:00 of August 2nd. Sample volume collected was 3.0 -mg and
concentration of dust in the atmosphei‘e was 0.046 mg/m™, - At the polnt L2, 4.4 mg
of dust sample was collected after successive measurement for 48 hours
starting at 15:00 of August 8. Concentration of dust in the atmosphere counted
0.'102.mg/m3. At the point L3, measurement ran successlvely'fdr. 48 hours
starting at 10:00 of Auéust 12. Sample volume collected was 57 mg and

concentration of dust was 0,132 mg/m=.

(4) Digltal type dust monitor

Measurement points and results are shown in Fig. 4-7-4 and Table 4-7-6
respectively. This measurement was carried out for 11 days from August 5 at ten
fixed points. The maximuni and minimum values were 29 énd 23 cpo. Thé mean
value was 24 cpm and no characteristic variation or distribution was seen in

each point nor in each day.

4-7-3 Dust distribution in Parral area

In the rainy season, when the measurement of dust was carried out, no
: chafacteristic features of dust distribution was observed. This is because the .
s0il surface was so wet as to depress dust scattering from the dam and' the wind
velocity hérdly exceeded 5 m/sec.

As the results of digital type dust monitors background value of ‘dust
coﬁcentratlon in the city of Parral seemed to be around 25 c¢pm, nearly the same
as in Zacatecas. Sample volume collected by dust jars was tob scarce to
chemically analyze, however, at the points L2 and 1.3 located close to the dam
the volume collected was 2.5 to. 3 times as much as poinf LL |

As mentioned above, dust fall into the city of Parral is suppos‘édly éo .little
during the rainy season. On the other hand, in the dry season sand storm was
visibly seen when the wind blows hard. It is poss:ible.'tha_t some particles reach

the city falling down to the residential area.
4-8 Summary of the Investigation

This area is formed on the Parral Formation of early.-Cretace(_)us Pei‘iod and

is mainly composed of shale layers partly accompanied with thin sandstone séams.



The River Parral, the main stream of the area, runs zigzagging from west to
east merging some branch riveré close to the talling dams. The River Parral
shows a big variation in water volume throughout a year, almost draught in the
dry season, while muddy and rushing in the rainy. Ground water also rises in
the rainy season with increased current movement. The ground water stream is
likely to flow from the aquifer below the dam site toward north-east direction.

Into the Parral River flows the waste water from CFM mlheral processing
plant and other effluent of near-by privately owned plants as well. . Among the
surface water samples, P—RS. taken from the upper-most stream;was clear and
metal lon free In the:dry season. - On the other hand, in the rainy season, all
the heavy metal ions.analysed were fdund in the sample. This results, by
rain—fall,'f.'rom washout of soils and bank deposits into the river. In the
samples of P-R2, taken from the branch river to the.' south and P-R4 from its
merging point Into the main Parral River, higher levels of metal fons and
cyanide are detéctéd. These results from the ‘_effluents of CFM plant and dam as-
well as other pri{rate' plants. Saiples P-D1 and P-W1 repfesent filtrate
solutions of CFM plant tailing dam deposits respectively. Since Cu, Zn and Cr
are highly 'co'nt.ained in both of them, these pollutants are assligned to CFM
mihing operatioﬂ. On the other hand, Fe and As may résult from other sources
than CFM. In the sample of P-R5, taken from the downstream of the
river,contents of heavy metals are considerably lowered because of dilution.

Ground water samples allso contain all heavy metals but Cr®" and these could
be derived from mineralization zone widely distributed in this area. Cyanide

“has ndt been' detécted in the ground Watef samples. Th'is suggests that
penetrated water from the dam is unlikely affect the gro'uhdwater.

' In the soil samples heavy metals are highly concentrated.

Especially, Cu,z Pb, Zn and As are contained at remarkably high levels at some
points, _ | _

Some countermeasures are urge.r.l_t_ly i‘equlf‘ed to prevent colla_pSe of the
tailing'daﬁl embankment, because 1ts stability was found so dangerous as in E1
Bote. Furthermore, In the raiﬁ'y season, dam wé.ter level might increase and
overflow'_the ‘embankment. Suitable (-i.ralnage systen is require:d.

: Infl'ue.nce_of. dust particles cé.'rried. away byl ‘the wind from the dam wés not

recognized during the rainy season. In the previous dry season measurement of



dust concentration was practically Impossibie due to time shortage, howeaver,
sand storm was visually observed so often. |

Consequently, some c_ountérmeasures are ‘inevltableﬂs in E1 Bote talling dam.
Chemical treatment of mine effluents Is also inevitable before they are '

discharaged into the river.

4-9 Measures against Mine Pollution
4-9-1 Measure agalnst Collapse of Tailing Dam
(1) Selection of the counterwork
The following reasons can be polnté.d out as the major reaSOns_ of

dangerous situation of the dam collapsing described in chapter 4-6
"Talling Dam".

(O As regard prevention power of the dam, the section of the dam is too
smalll to prevent. |

@ The gradient of the slope of the lower reaches is steep. .
These conditions are closely fesemble in case of El Bbte tailing dam.

Parral talling dam has the following features compared to El1 Bote dam.

(2) Optimum counterworks
Compared with E1 Bote tailing dam,
(D Helght of the dam is lower
@ Slope of the dam is more gentle _
@ Wldth of the dam is wider and the dam material Is well condensed
Therefore, in case of this tailing dam, Earth removal work together with Counter

welght fill work is recommended as the counterwork.

(3) The section of Counter weight fiil work o

The section of Counter weight fill work is shown in Fig.4-9-1. Considering
the stability of slope, Inclination of the slope is 40 % and there are steps of 5
m width every 10 m in height. In Fig.é—9—1, z’on.e of @ consists of rock matérial,
@ is cutting parts and @ Is banking parts. Banking with rock material is = -
performed up to EL=176Tm at first, followed by the v)ofk of cutting of @ and
banking of @, and then banking with rock material finally.



(4) Stability test

The target of the safety factor by the counter weight fill work is over 1.2,
The same equation and computer program In the stability analysis were used as
that of E1 Bote tailing dam. '

Model of the.section for the stability analysis 1s shown in Fig 4-9-2.

@ Solil constant and other conditions
Soil constants In each zone shown in Fig.4-9-2 are the same constants in
chapter 4-6 "Talling D:im". The constants of gravelly soil for Counter weight
111 work is used with the follo{ving values as in case of E1 Bote t_ailing dam.
p s = 1,800 g/cm®
o sat = 1.912 g/cn®
0.00 tf/cm®
37.0 °

C

¢

Horizontal seismic intensity during earthquake(Kh=0.15) and increment of.

il

circular arc(A R=1.0 m) are used the same as In chapter " 4-6 Talling Dam".

@ Calculation result
The calculation result with the analysis model in Fig.4-9-2 is shown In Table
4-9-1. The detailed result in ordinary condition(Kh=0.00) and the deepest
clrcular arc or sliding plane which has the minimum safety factor in each
distance are shown in Fig.4-9-3 and Fig.4-9-4, respectively. The detalled results
' during earthquake and circular. arc are shown in Fig.4-9-5 and Fig.4-9-6
. respectively,
The result:sa_tisfiés the target vaiue over 1.2 as the minimum safety
factor. Therefore, the stability of model section in Fig.4-9-2 can be
judged as "stablé".

4-9-2. Measure for Dréinage of Tailing Dam

As result of survey of the present situation, it was recogn'ized the surface
water to flow out the dam due to the rising of surface water level in rainy
-..weather. Thérefore, for prev’entlon'of over flow of surface water, it is
necessary to install drainage. As regard to the. drainage system of the tailihg

dam, the systems are different' whether @ the dam is now used or not. In case of



this talling dam,the eastern part of the tailing dam was already finished to use.
On the other hand, the western part is still being used. Therefore, the drainage
differs ffom the eastern part and the western part. For prevention of surface
water flowlng Into the tailing dam from the surface of the southern hill slope
due to rainfall,facilities of outside drainage of the tailing dam are installed.

EDach section of dralnage is shown below.

the plan of drainage - Fig.4-9-7
the cross section of drainage Fig.4-9-8
the standard plan of drainage Fig.4-9-9

{1) Drainage inside of the dam
(D Drainage of the eastern part

The drainage is installed after covering soil on the surface as the  same
. wérk of El Bote tailing dam, because the eastern part of the dam was already
finished to use.

The clayey soil that distributes in the Westérn part of the dam-is used to
covering work of the surface. Thickriess_ of soil is planned about 30 cm. The
si)reading work uses the original inclinat.i.on of 1~3% from_ the center to dam. U

type Colgate flume will be used as drainage.

@ Drainage of the western part

Slime is still dischai'ged in _the western part. Surface water due to rain and
waste water are discharged by Inclined plpe to water treatment in the lower
reaches.

Surface water In the eastern pa.rt is able to be discharged directly into
rivers or to reuse in the plant because of inpolluted. On the other
hand, surface water in the western side cannot be discharged directly
into the rivers because of pollution. Therefore, the drainage system

must be different in the eastern part and the western part.

{2) Drainage outside of the tailing dam

The channel is constructed on the southern sldpe of the hill as the dralnage
facility. The installation position of drainage sh_all be 1m higher than the -
surface of the final depositing. The channel 1s the canal with no 1ining.

—83—



{3) DPrainage capaclity

Dralnage capacity for surface water Inside the dam is declded by the
amour_lt of pi‘ecipitatlon fiowing into the dam estimated by probable
precipltation amount for 100 years and the amount of stagnant water after
settling fhe slime. The drainage capacity for outslde of the dam was decided-by
the amount of water flowing lln_to the area of basin estimated by probable

precipitation amount for 100 years.

(O Probable precipitation amount in a day
Table 4-9-2 shows the data of daily total amount of precipitation data in

Parral obServa_tory during 1977 to 1990 orderly arranged by the amount.
Probable precipitation amount for 100 years(R=4} is obtained by Fig.4-9-10;
R=4=130 mm/day

@ Water collecting area
Water collecting area 6f each drainage is as following;
A1=0.074 km”
A2=0.019 kmn®
A3=0.024 km”

@ Run-off time
The equation is shown below;
T=1.67 % 1075(I, /¥ §)° 7
T; reaching time (h)
L; distance of flowing to the farthest point (m)
S; inclination(%)
T:1=1.67 X 107%(350/ v 9/40 )™ "=0.17 h
T==1.67 X 1075(100/ ¥~ 3/100)% "=0.14 h
Ts=1.67 X 10‘3(200/ v 3/100)% 7=0.23 h



‘@ Average maximum precipitation intensity

The equation is shown below;

— ___R_z_“_ __2_4_ y2/8
R= g XC—¢ )
"R ; average mdklmum precipitation intensity (mm/h)
Rza; (designed)p'r'e'clpitation amount in a day (mm)
T ; reaching timé of flood (h)
_ 130 24 e, -
R, 94 X ( K] ) =147 mmn. h
- 130 24 e
R. o4 x(0.14) 167 mm/h
_ 180 24\,
Re=" =57 X(O.ZS)- =120 wna/h

"® Design amount of flood water
The equation is shown below;

Gp= I X fx RXA

3.6

Q: the maximum amount of flood water (m®/sec)
f: coefficient of flow
(stagnant water surface 1.0, grassland 0.9 forest 0.8)

A: area of basin (kn®)

1) Al area (the southern slope)
Qpl=1/3.8 X 0.8 X 147 x 0.074=2.42 n®/sec
il) A2 area (stagnant water surface of the eastern side)
Qp2=1/3.6 X 0.9 X 167 X 0.019=0.79 ﬁlalsec
111) A8 area (stagnant water surface of the western side) .
Qp3= Qpd+Qp5
Qp4'=1/3.6 x 1.0 x 120 x 0.024=0.80 m"/sec

The amount of surface water ; _
Q5= 5,200 n°/month=173.3 n°/day=0.002 n*/sec
Qp3= Qp4+Qp5= 0.80 m/sec + 0.002 m3/sec=0.802 n"/sec



(4} Section of dralnage
@ Drainage outside of the dam(channel on the slope of hill)

‘Assumed sectlon of dralnage outside of the dam is shown in Fig.4-4-9 (A); :

Q=Ved= o g i L i
n

= ._._.1__ : oy 2/% ' | 1./2
0. 035 x 0.9 x 0.34 X 0.05

2.80 n°/sec > QPy= 2.42 n®/sec xeereereas(. K

Therefore,- the section is decided as In Fig.4-4-9(A).

@ Drainage Inside of the dam
{} surface water in the eastern part( U type Colgate pipe)

Assumed section of: U-typé Colgate flume is shown in Fig.4-9-9 (B);

Q=V=-=A= ML e A '. Re7% . 172
n .

— . 1 ’ . 7 | .' Tz
= .0- 25 X Q.459 X 0.400 x 0.02

= I._21 m? sec > QP = 0.79 0% sec sesevees=s K

' Therefore, the section is decided as in Fig.4-9-9(B).

i) surface water in: the western part{ slope gutter)

Assumed section of slbpe gutter is shown in Fig.4-9-9(C);
0= Vep= 1_ o A e RZ/S ‘, il/'z
. . n :
1
0.01%
9

=  0.995 n®“sec > QP; = 0.802 n®, sec ---;--O.K

X 0.225 x 0.18127% x 0.05'“¢2

Therefore, the sectlon is decided as In Fig.4-3-9(C). The water through the
Colgate pipe is l‘ed tothe-out_let through polyethylene pipe with ¢ 500mm

4-9-3; Measure against Dust Scattering :
. Powder dust scatters due to drying of the dam surface in the dry season.
The same consideration in case of El Bote taillng dam is necessary, because

the slime deposition:in the centr.al to the castern part of Parral tailing dam has



already been finished. Therefore, soil covering work on the dam slope and the
upper surface of the dam 1s the most sultable as the countermeasure,

As regards soll covering work, it is already explained in the chapters"4-9-1
Measures agalnst the Dam Collapse” and "4-9-2 Mecasures agalnst Drainage of the
Dam".

Soil covering work is the most sultable as the measures agalnst powder dust
scattering for the central to the western part of the dam whére slime deposition -
continues at present and will continue in fulture. Covering the surface of the
dam slope with soil is performed eve.ry 1~ 2 m in height at any time. After the
time when the height of the dam reaches the upper limit and deposition is
finished, the upper surface of thé dan is covered with soll. The depositing

surface is considered to be wet by discharged water with siime. For the part

where powder dust comes out of due to dry up, water is sprinkled with sprinkler.

4;9—4_F1na1 Treatment of Waste Water
The waste water including cyanide ion cannot be discharged into the river
without decomposing of cyanide by some methods. Although' there are many
treatment methods, .the most popular method is f;he decomposing and oxidation of
cyanide by sodium hypochlorite(NaCl0) dos_ing in.waste water in alkaline
environment. There are reactions of the following two étages.
‘NaCN + NaCl0 = NaCNO + NaCl | |
2NaCNO + 3NaClO + H:0 = 2NaHCO= + 3NaCl + N=
Two reaction tanks are usually used. The solution is agitated d_uring 10 ~ 15
minutes in each tank. The treated water can be discharged Into the river.
A series of laboratory tests should be carried out before treatment method

is finally decided.

4-8-5 Measures against Ground_w_ater Pollution

According to the hydraul.ic observation, the Parral river is losing river in
the dry season, but change to_gaining river in the rainy season. This losing
means that infiltt-zition rate exceeds recharge rate. The gaining means that
recharge rate exceed Infiltration rate. Eventually, in the dry season surface
water easily infiltrate undérground. In the rainy season it does not infiltrate

so much ,but flows In to the river and pollutants would be trans:po'rted'to the



long distance down to the Parral city.

Consequently, to prevent of the underground pollution, the next .measures
should be conducted. The first measure is to cover tailin.g dam by soll covering
method and planting In the same way as'El Bote mine. The second is to set up
dralnage system and a simple deposition pond. The third is to take waste water
recycle system, 50 that the wasté water from the tailing dam can not flow into
the Parral river. |

We suggest that to make a deposition (settling) pbnd betivéen the tailing dam
and Parral river and connect it to the drainages from the dam..

@O to expand the evaporating area in the dry season, and

@ to prevalling the discharge of tlail‘ings with an unexpected big storm
_rainfall in the rainy s.eason.

| This plan play a significant role inlthe prevailing sub-system as "prevailing the
" transportation of pollutants by the Parrél river".

Groundwater from the tunnel of the Parral mine Indicates strongly acid. This
water is pumped up and used for the mine plant ahd sewerage system of Parral-
municipality. This water is no édequate to drink. Chemical composition of this
water is anomalous compared to surface water or shallow groundwater. it is
thought that this groundwater Is deep-seated origin.

The Parral river runs in the upside of this area. It is considered that there
exists no deep polluted groundwater in the shallow aguifer, because the
unconfined groundwaﬁef consists by water that originate in rainwater, from the .
view points of topography and river morphology. |

‘To improve this water quality , new shallow aquifer along thé Parral river

should be utilized by boring work, because more clean groundwater can be got.
4-9-6 Work Program and Construction Cost

~ Work prog‘rani and construction cost for completion of each countermeasure

plan on the tailing dam are roughly estimated as follows.



{1) Work program

Work program is {llustrated in the following figure.

Type of Work Anount § month 10 ‘month

2.5 month

Earth Removal Work 14, 000 n® e
4 month

Counter Weight Fill ¥ork | 66, 000 m®

0.6 month
Soil Covering Work 8,000 n® p—

0.9 month
Drainage Inside The Dam 300 m ——

I month
Prainage Qutside The Dan Mo =

0.2 month
Temporary Passage 1n p—

(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 Collapse and Dust Problem
Earth Removal! Work 14, 600 n? 1.1 24, 000
Counter Weight Fill ¥Work 66, 000 n3 6.3 416, 000
Soil Covering Work 6,000 n® 4.0 24, 000
(Sub Total) (464, 000)
Drainage
Inside the Dam 300 m 120.0 36, 000
Qutside the Dam 780 113. 3 88,000
(Sub Total) {124, 000)
TOTAL 588, 000




(3) Specification of Work

Specification of the works and necessary equipment are listed in the

following Table.

‘Type of ?lo:rk :

" Equipment Unit Capacity Unit
Farth Removing Work Bulldozer (15t class) 33 o*/h i
Counter Weight Fill ¥ork |
Rock excavation at Bulldozer with Ripper 53 w/h i
.borfow pit. | (32t class)
Loédiﬁg of crushed'rock Backhioe  (1.0n® class) 51 m/h 1
Transportation Dﬁmptruck'fllt class) 17 w®/h 3
1Sﬁread and Rell Bulldozer (21t class) 64 m3/h 1
SoiléCdvéring Work‘ .
Excavation and 103din§36f Backhoe - (0.6n° class) 41 m?/h i:
clayey sdil.
Transportation Dumptruck (11t class) i8 w®/h 3
Spread and Roll Bulldozer (11t class) 41 w*/h 1

Renmarks

1. Transportation during the Counter Weight Fil1 Work is estimated as 1km.

2. Transportation d'uring the Soil Covering Work is estimated as 0.7km.

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

Then, for chemical treatment of the waste water, main equipment and their

purchase'pricés are described below. It Ithe Alkali Chlorination melthod is

adopted to treat alip14oximately 200_1115- per day of waste water, they are roughly

estimated as follows. The éperation costs are not included.




Main Equipment and Prices 'for the Alkali Chlorination Method

Unit Price

Equipment Specification o Unit (Us$) Total(qS$) :

Reaction Tank 1, 800x1, 800mn, SS made 2 15, 000 30, 000
‘with agitator - _

Reagent Feeding Tank 1, 000x1, 000mm, SS made 2 6, 000 12, 000

_ with agitator : ' '

Reagent Feeding Tank [ 1,000x1, 000mm, SS made 1| 7000 7,000
FRP lining, with agitator R _

Reagent Feeding Pump | Plunger Type . 3 8. 000 24,000

Process Control Systém pH Regulators and others | 1 set - 70, 000

Piping and Others. o | |1 set| . | 7, 000

Total o . 1 | 150,000

It will take ahout eight months hefore complétidn,l,e, approximately seven

months of delivery and one month of setting up respectively.

Q]
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{2} Parral

Geological Age Synbol Bxplanation
gr River deposits
Quaternary Recent - s
Qt Terrace deposits

Rhyolite(dyke)

Tertiary Oligocene Pacite and Rhyolite

Andesite
Early Cretaceous Parral Formation : Shale
Fault

Fig. 4-2-3 Geologic Column (Parral)






Fig. 4-2-4 Location Map of Boring Site




Parral B-1

(1)

Depth!DriIling o Core -Shflpe Water Flow{em/sec) Waier i
o | Lo FormatiorjL_ithology Description £ § Elel & lory [Rainy LosEVe
: . g - Lo
9 o _ o 818|457 %] Season| SeasonCirculation
0.00 o', % sand and | The gravel consists of rounded. andesite,§ © |~ :
et gravel  [shale and sandstone, ranging in size 1 to
0. 40 frimm: Bems. .
Do \ — .
o The gravel consists of the same rocks as|:
4 upper bed, . _
v The matrix is composed of brown, poorly
e sorted, silty and fine-grained sand
e - ] Terrace. | gravelly :
. o | deposits | gand
.. .'
ce o . 2 .60m
_ N v v /The. gravel consists of rounded basalt, dacite == |
2.90 Jommsl ‘and welded tuff, ranging is size 3 to ens. - (37111 -
5 '30-7- e gravel 1 Thematrixisthe same asupper bed. ) : A T 0.40 pH 7.65
(S The andesite is light graj to grayish white B ‘ ' "——g-gg
oL and be characterized by megaphenucrysts of = 7 g G.40 ’
g |feldspar and pyroxene ranging up to lem in i % o
L L diameter, like as porpyrite. / c
L
4. Cproies | teve
Lt /7 —o'a0{ (8r2®
Y — 0.40 _ :
L : oy
4L v Z - 040
: | oy
qLeL - b
L 7l ko490
L L Extrusive . . / o
| rocks andesite / . - 1.22
- % - 0.80 "
L . : o
% =934
Lo / 7
L ' % 1 :
0L . . / ""':.0-_40_ N R
: 8.60~8.80m Joint surface is covered with —-—o.40 [ .
L light brown limonite skin, / S Sl
Lot 8.80m  Joint; dip angle 76°. / _ ‘
. . 0,40
L / o .
L L ' Z '
L 9.80mi Jomt dlp ang]e 45", stra;ght - -
000 | L L quartzvem /,, | 0.40

Fig, 4-2-5 Boring Log (

1)y



Parral B-2

(2)

{m)

Dept thr'illing

Log

Formation

Lithology

(%]

=
o
2
L]

Woater Flow {cm/sec)

Descr ipfio'n

<20em

lo20em 3.

BelOem: o

2mm

~Scm

>2'mm

Dry
Sedason

Rainy
Season

Lost
Circulation

Be0 [

0.70

silty sand

This layer consists of gruyish.br_b_wri,_ silty
and very fine-grained sand,

sandy silt

This li_xyer consists of grayish brown sandy
silt.

8.00—4-

Terrace

- deposits

8.50

silty sand

This layer censists of brown, well sorted,
sitty and fine-grained sand.

The gravel consists of roundéd andesite,
slate and acidic rocks, ranging in‘size 2 to

gravelly
sand

3cuis. The matrix is composed of light
grayish brown, silty and fine-grained sand.

gravel

The gravel consists of the same rocks as
upper bed, ranging in size 2 to Sems. The

8.90 1

Extrusive
rocks

‘andesite

\ matrix isalso same. . |

The andesite is-light gray to grayish white

" |and .be characterized by altered mega-

phenocrysts of feldspar looks like porp:hyrit,e.
Small pyrite grains have occurred in this
rock o

10.50~15.25m. o
Es;:ecial_l;‘,f, this part has hardly undergoﬁé
kaolinization and chloritization, so that this
texture is nof clear.

N

N

o

NN

ININN

F—— 0.40

_._..",.0_.5 §

0.40

—-—10.63

(8/291

(9/2 1)

12.00

Fig. _4—'2?5 ‘Boring Log (2)



Parral B-2 y o ' . (3)
Core Shape |Water Flowtem/secl| Water

Depth Drl'liing

FormationLithology ‘Description g § 5leq ElDry  |Roiny TrosFeYe
) S1E B b ]
) | Log §|di{ai8Y ¥ | Season| SeasonCirculation
12.00 I . " AT ‘
Lt This is the same rock above mentioned, % :
) | | 7: .‘ —— g.40| 1829y
L L _ /. / _ | :
- : i _ 4 ' g4 | (872)
L oL : .
. 7
Extrusivej ;ndasite : : 4 e — 2.147
L oL lrocks 7—
: —~— 0.5
1" %
L L
L _ % L .22
L L .
4 L / === 0.75

is2s |L L

Fig, 4-2-5 Boring Log (3)



_ Parral B-3 (4)
'Dep!thrllling . Core Shape [Water Flowi{cm/sec) wmﬁr |
- T I Lo £ eve
Lo FormationLithology| Description § § 3 ef ElDry  [Roiny [Los
mrLee 3 ' : wlofd|a’ 81 Season| SeasonCirculation
0001 * | This layer consists uf.pale brown, silty and|
silty sand fino-grained sand.
__d_'"'*__ The silt is brown, weakly consolidated and
a1 clay-rich,
= silt
-~ This layer consists of vellowish brown sandy
e silt with gravel, -
i The gravel is composed of subrounded slate
| gravelly {and acidic rocks, ranging insize 0.5 to lem,
- silt =
i i Terrace
-t dleposits
e The silt is dark grayish brown, weakly
o — congolidated and sandy. )
_'_."" | sandy sitt Sandy elgme'nt is fing-grained and well
] sorted. :
N This layer consists of pale brown, loose, well
sorted and very line-grained sand. L o1l cores
a.az| (8/29
sand
—-— 5.01
—— 347
B.75 — - - -
- The shale is pale greenish gray, hard and Z
consolidated. Lamina has developed in it.
This rock is affecied by silicification and|. .
mineralization, so that many veins of quartz 7 276
or pyrite has occurred init, é
: —-— 454
—— 3.00
- ) 9.00m . Lam_ina; dip angle 60°. /
Parral- shale ’ :
formation : / ——— 4.89
. . / 2.0_5
9.90m_ Laming: dip angle 45° /
Z o -~ — 3,986
Z [—— .22
Wi,
f/
// |- 4.42
pa — 2.4
7
12.00 .

~ 'Fig. 4-2-5 Boring Log (4)



Parral B-3 . o ( 5)

: Core Shape |Water Flowiem/sec)f Water -
De ?thrI!Iw;{ o : ‘ et
P Formationi.ithology _ Description - & § g8l E Dry  |Rdiny - Loslrevei
(m) 1 Log| 812|418 4| Season| SeasonCirculation
12.00 ’

This is the same rock above mentioned.

5
B
% i —-—3958] (9/1})

7 —— 3.00} (8/29)

12,80 Laniina; dip angle 45°.

[—-— 3.956
1.22

——— 3.95
— 158

14.40m Lantina; dip angle 50°,

15.60m Lamina; dip angle 40°.

I Y

am Parral- shale
formation

18.80m Lamina; dip angle 60°.

E NN
E
{

|

1.8z

N

ZE

e —- 3,47
[ 0.40

22.20m Lamina; dip angle 40°,

- 33
—— 0.40

B SR 2:5'4
040

SNANNNNNNNNRNNNNN NS NN

24.00

: : : . : {

e
e’

Fig. 4-2-5 Boring Log (



Parral B:3

(6)
DepthDrilling _ S — Core Shoéae Waoter Flowtem/sec) Wmlfi!;: vel
_ . |ForenaticriL ithology _ Description € g N Dry Rainy _|Lost
(m | Leg o - S1d]4]57 31 season| SeasonCirculation
’ \ 4.8
2400 This is the same rock above mentioned. ¢ 9_ _ .
T : L a8 | (a1}
24.30m Lamina; dip angle 30° / a0 | (8/29)
T - 0.63
: --— .72
- /] L oa0
7] : - 0.40
— / - 3.83
' / —— 0.40
™ / — 0.87
/ - 27
S / 20,40
! 27.80m Lamina; dip angle 30% /
— / — 1.34
/ —-— 253
/ —oao0
// . 1.82
% —-— 0.40
A —— 0.40
_ Parral Ty
E? o - shal 170
50.00 formation ¢ // .
% —-— 3.2
4 —— 040
B 7/ —0.87
Z A —-— 205
% —— 0.40
_ Z . 0.63
77 / _
77 z - 0.40
7 / [—— 040
- / - .34
33.40m Lamina;dip angle 25° ? —-— 040
' . B / —— 040
- ? - Fias
/ —-— 051
/ : 0.40
- ? — 0.87
/ ' -~ — 0.40
/ . f—~—-— 040
36.00 // . 0.99

Fig. 4-2-5  Boring Log (

=
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Parral B-3

_ S (7)
Depzthriiting e ; o Core Sha_;?e Water Flow (em/see) WOIE!; vel
|1 FormationLithology Description 18 § B HE Rainy |Losf
.0 : ' . ’ 5 -
m 9 : ARIEIAE SeasonCirculation
36.00 This is the same rock above mentioned, % R
) / —-—o0a40 | t9s2)
: _é —--0.40 | (8/29)
36.80~89.60m This part is grayish white, : ’
] 7
_ % —-— 040
37.60m Lamina; dip angle 60° % ——0.40
Pa r'l_ al shale : /
” formation é
. Z - — 0.40
Z i ' —— 0.40
39.60 T ™ ST —_ / ———0.40
- .|'This layer consists of grayish white, arkose /
a0.00 | o0 §andstone and coarse-grained sandstone. /

Fig. 4-2-5  Boring Log (1)



Parral B-4 (8)
!D": : : - Core Shope |WaterFlowtecm/sech Water
Depih rilling . . : . : . B E T L.evel
Formatior{L.ithology Description & § 5 ed £1Dry  |Rainy  |Lost
(m} | Logi : _ 5|8 | %8 % | Season] SeasonCircuktion
0.00 |\ This luyer‘_consist_s of dark yellowish brown
B and sandy silt.
e sandy silt -
ri"'his layer is cn_mposed"oi; pale h.rown,
moderately well sorted, silty and fine to
~ ... |medium grained sond.
silty sand | The grain size has a general téndency to
: become coarser toward the bottom in this
layer.
‘Terrace
deposits - -
This 1ayer consists of brown and sandy ¢lay.
_ sandy clay
T ‘. . : This layer consists oflirown,nmderatelﬁr well
< T sand sorted, and medium to coarse grained sand.
— ] This ;ﬁartis composed of hrown clay.
. clay
-JA.“_‘ ] .
6.20 . —— : — —— pgoliarzel
L L The andesite is pale greenish gray, hard and A -—— o.4elios2)
altered. This rock has undergone 7
L chloritization and small pyrite grains have
L L occurred in this matrix. Partly, calcite veing é
have developed. = 040
L 6.20~10.10m " This part js pale yellowish| 77} [ o
L L © gray and weathered. Dark N
brown limonite has occureed _Lé '
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