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Abstract: The paper presents process layouts for excavation of zones near pit envelope based on the analysis of
findings of the ore loss study in case of open-pit mining, as well as the results of field measurements in the quarry
faces in Muruntau and Myutenbai open pits. In the course of the field measurements, parameters of the quarry faces
at Muruntau and Myutenbai open pits were determined under the following working conditions of an excavator: at
full bench with shotpile height of 19-21 m; at full bench with shotpile height of 12—14 m at excavation of the “blast
cap”; at heading face and taking ramp material. In all the above-listed quarry faces, the slope angles and the ore
mass shotpile height when excavating were measured. Besides, the used excavator type (dragline or hydraulic) was
taken into account. For each face, 2-3 measurements were performed, and the average slope angle at the ore mass
excavation was determined for each type of excavator. At the next stage of the field measurements, the bench height
in the rock mass and the shotpile parameters were measured before and after blasting operations under the follow-
ing arrangements for preparing the rock mass for excavation: a) under normal conditions, when the ore mass blast-
ing is performed for the selected face or relieving wall of the required thickness; b) in compression with a “blast
cap” formation; ¢) in the marginal parts of the bench. Based on the results of the actual bench height and the blasted
rock shotpile parameter field measurements, the following conclusions were drawn: a) the actual slope angles of the
quarry faces were 49° when excavating the “blast cap” using dragline excavators, and 53° when excavating the ore
mass at full bench regardless of the excavator type used; the slope angles of 49° for the dragline excavator and 53°
for the hydraulic excavators were taken for further calculations; b) the width of the marginal (near-envelope) zone,
where losses and dilution of balance ore are generated, increased from 7 to 13.0 m (at 49°) and from 7 to 11.3 m
(at 53°); as a result, the areas of loss and dilution triangles have increased; ¢) when blasting in compression condi-
tions, in the upper part of the shotpile, intense mixing of the involved rock and all ore grades occurs, therefore,
when excavating the “blast cap”, bulk ore mass mining is only possible. The lower part of the blasted bench pre-
serves the geological structure of the rock mass to a greater degree and can be selectively excavated with separation
of the ore mass by grade; d) when blasting the rock mass, to maintain the required pulse direction and the blasting
sequence, barren boreholes are included in the breaking outline, which increase the balance ore dilution, and struc-
tural dilution arises, which should be taken into account when drawing up the "Methods for determining, limitation
and accounting for ore losses and dilution in the course of the Muruntau and Myutenbai (the fifth stage) open-pit
mining"; e) when compiling the "Methods ...", the option of dividing a bench of 15 m high into two sub-benches of
7.5 m should be considered.
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HcciienoBanue napaMeTpoB IKCKABATOPHBIX 3200€B IIPH MaCCOBBIX B3PbIBAX
B Kapbepax MypyHnray u Miotenoai

Paum:kanoB b. P., Xacanos A. P., Baxuros P. P.

['ocynapcTBeHHOE yHUTApHOE MIpeanpusaTHe ¥Y30eKCKUI HayuyHO-UCCIe10BaTEIbCKUI U IPOEKTHO-
U3bICKATEIbCKUI UHCTUTYT Fe0TEeXHOJI0ruM U 1iBeTHOM MeTtamurypruu «O’zGEORANGMETLITIy,
Tamkent, Y36ekucran, ><lb.raimjanov@mail.ru

AHHoTanus: B craTee MpUBOIATCS TEXHOJIOTHYECKHE CXEMBI OTPAOOTKH MPUKOHTYPHBIX 30H HA OCHOBE aHAIH3a
pe3yIbTaTOB UCCIEAOBAHUI 0 MOTEPSM Pyl IPH OTKPBITON pa3padOTKe MECTOPOXKIECHUN 1 pe3ylIbTaThl IPOBe-
JEHHs] HaTYpHBIX 3aMEpPOB B IKCKaBaTOPHBIX 3a004x kapbepoB MypyHTay u MiotenOaii. B xone nmpoBeaenus Ha-
TYpHBIX 3aMEpOB OIIPENEeJICHbI TapaMeTPhl IKCKaBaTOPHBIX 3a00€B Ha Kaphepax MypyHTay 1 MroTteHOaii ipu cie-
IYIOIIMX YCIOBUSX PabOThI 9KCKABAaTOPA: MOJIHBIM YCTYIIOM C BBICOTOM pa3Bania 19—21 M; HOJHBIM YCTYIIOM C BBI-
coroii pa3Bana 12—14 M nipu OTrpy3Ke «IIANKH B3pbIBa»; MPOXOAKE U moadope che3aa. Bo Bcex BhIIeNepeyrcIeH-
HBIX DKCKaBaTOPHBIX 3a00s5X MPOW3BEACHBI 3aMEPHI YTIOB OTKOCA U BBICOTHI pa3Balia IPH IKCKABATOPHOH BhIEMKE
pynHOI Macchl. Takke y4UThIBAICS MPUMEHSAEMBIN THII SKCKaBaTOpa — KAHATHBIN Wiu ruapaBiandeckuid. 11o kax-
oMy 320010 MTPOU3BOJMINCE 2—3 3aMepa U ONpeNeNsIcs CPEAHUI Yrol 0TKOCa MPH IKCKaBaTOPHOW BBEIEMKE PyJI-
HOM Macchl I JaHHOTO THIIa 3KCKaBaropa. Ha crnenyromiem 3Tamne nmpoBeieHUsT HATYPHBIX 3aMEpOB M3MEPSUINChH
BBICOTA yCTyIa B MacCHBE W IMapaMeTphl paszBajia [0 W MOCIE IMPOU3BOJICTBA B3PHIBHBIX Pa0OT MPH CIETYIOIINX
CXeMax PyIOTOJArOTOBKHM MacCHBa K HKCKaBaIlMHU: a) B HOPMAaIbHBIX YCIOBHSIX, KOTJ]a B3phIBAHUE PYIHOTO MacCHBa
MIPOU3BOAMTCS Ha TOAOOpaHHBIN 32001 WM MOJNOPHYIO CTEHKY TPeOyeMOl TONIIUHBL, 0) B 3aKaTOU cpejie ¢ oopa-
30BaHUEM «IIATMIKA B3PHIBAY; B) B KPAaeBhIX YaCTAX ycTyma. [lo pesynprataMm mpoBeneHUs HATYPHBIX 3aMepoB (ak-
THYECKHX YIJIOB OTKOCAa W TIApaMETPOB pa3Balia B30PBaHHBIX IOPOJ CHENTaHBl CIEAYIOIINE BBIBOJBI:
a) (hakTUUECKHUE YTIIbI OTKOCOB SKCKABATOPHBIX 3a00€B COCTABWIIM MPH OTIPY3Ke HIANKU B3pbiBa 49° mpu mpume-
HEHHUH KaHATHBIX SKCKaBaTOPOB, a MPU BbIEMKE PYIHON MacChl MOJHBIM YCTYIIOM 53° HE3aBUCUMO OT THIIA MTpUMe-
HSIEMOTO PKCKaBaTOpa; yTJIBl OTKOCA SKCKABAaTOPHOTO 32005 49° 1 KaHATHOTO AKCKaBaTopa U 53° i ruapaBiu-
YECKUX IKCKABATOPOB MPHUHATHI JIJISl POU3BOJICTBA JAIBHEHIIINX PACUYeTOB; 0) YBEIMUYMIIACH IIMPHHA TTPUKOHTYP-
HO# 30HBI ¢ 7 10 13,0 M (49°) u ¢ 7 no 11,3 M (53°), rae oOpa3yroTcs MoTepu U pa3yOoKuBaHUE OAJTAHCOBOH PY/IbI,
BCJIEJICTBUE 3TOTO YBEIWYIIUCH IUIONIAIA TPEYTOILHUKOB MOTEPh M Pa3yOOKWBaHUs; B) MPH B3PHIBAaHUH B 3aXKa-
TOH cpesie B BEpXHEW YacTH pa3Balia MPOUCXOAUT WHTEHCHBHOE IepEMENINBaHIe MPUXBATHIBAEMON TTOPOJIbI U BCEX
COPTOB PY/Ibl, IO3TOMY IIPU OTIPY3KE LIANKHA B3pbIBA BO3MOKHA TOJIBKO BaJIOBAsi BIEMKa pyAHON Macchl. HukHss
4acTh B30PBaHHOTO yCTyIa OOJBIIE COXPAHUT IeOJOTHIECKYIO CTPYKTYPY MAacCHBa U MOXET OBITh OTpabOTaHa ce-
JIEKTUBHO C pa3JielIeHueM PyIHOW MacChl TI0 COpTaM; T) MPH B3PBIBAHUHM MacCHBa JUIsl COOIIFOJIEHUS TpedyemMoro
HaIlpaBJICHUA UMITYJIbCa U OYCPCIHOCTU B3PbIBAHUA B KOHTYP OT6OI>1KI/I BKIIFOYAIOTCA 683p}/I[HBIe CKBaXXHWHBbI, KOTO-
pBI€ YBEIUYMBAIOT Pa3yO0oKUBaHUE 0aaHCOBOM PyJbl, BOSHUKAET KOHCTPYKTUBHOE pa3y0oKHBaHUE, KOTOPOE He-
00X0IMMO y4eCTh TIpH coCcTaBieHHH «METOINKHU OnpeieNIieHHs, HOPMHUPOBAaHUS U y4eTa MOTeph U pa3y0oKuBaHUS
py/ibl ipH pa3paboTke KapbepoB MypyHTray 1 Mrotenb6ait (V-ouepein)»; 1) pu cocTaBieHun «MEeTOIHKH. ..» Clie-
JlyeT pacCMOTPETh BOBMOXXHOCTh pa3JIeJIeHHs YCTyma BBICOTOM 15 M Ha J1Ba MOAyCTyIIa 1Mo 7,5 M.

KiroueBble ci1oBa: s3kckaBatop, 3a00M, B3pbIB, Kapbep, 3aMep, YCTYII, py/ia, KaHATHBIH, THIPABINYECKHMA, OTKOC.

Jast nurupoBanusi: Panmxanos b. P., Xacanos A. P., Baxutos P. P. MccrnenoBanue napaMeTpoB S5KCKaBaTOPHBIX
3a00€B IIPM MAacCOBBIX B3pbIBaX B Kapbepax MypyHtay u MiotenOai. [ opueie nayku u mexnonozuu. 2019;4(1):4-
15. DOI: 10.17073/2500-0632-2019-1-4-15.

For increasing effectiveness of gold ore
deposit development by open-cut mining, the
actual task of a mining enterprise in the gold ore
extraction is to determine, control, standardize
and account for the values of ore loss and dilu-
tion, as well as the parameters of quarry faces.
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The previous studies on this topic per-
formed by domestic and foreign scientists were
devoted to excavators with small bucket capaci-
ty. Interesting production data are given in the
work of B. P. Yumatov. The studies of changing
ore losses and dilution depending on the number
of rows of boreholes were carried out by a num-
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ber of authors. Based on the measurements taken
in the conditions of the Sorsky deposit, it was
noted that at multi-row blasting the losses in-
creased by 6 times, and dilution, by 3 times
compared with single-row blasting. The authors
explain these defects of multi-row blasting by
the individual features of the geological and
morphological structure of the Sorsky stockwork
and the imperfection of the implemented drilling
and blasting.

In fact, the defects are the result of the fact
that the outliners of the ore bodies in the shotpile
were not known, and therefore the excavation of
the blasted rock mass was carried out “blindly”.
This work correctly indicates that the use of the
method of tool surveying and designing com-
mercial and non-commercial sections for a multi-
row block shotpile is only possible with accurate
taking into consideration the degree of transfor-
mation and mixing of the ore sections of the
block during the blasting. At the same time, the
possibility of implementing such an operation
with modern drilling and blasting methods is be-
ing called into question.

An attempt to theoretically determine the
positions of the individual layers of a bench in
the shotpile was undertaken by G.G. Lomono-
sov. He proposed an algorithm for predicting
shotpile parameters based on the laws of external
ballistics. The essence of the algorithm is that
based on the magnitude of the initial rock frag-
ment velocity, using the laws of external ballis-
tics, it is possible to determine the trajectories of
points located on the outer contour of the blasted
bench. This allows determining the nature of the
bench rock distribution in the blasted rock mass.

In the process of drawing up the "Methods
for determining, limitation and accounting for
ore losses and dilution in the course of the Mu-
runtau and Myutenbai (the fifth stage) open-pit
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mining"; for the “M” mine of the Central Mine
Group of the Navoi Mining and Metallurgical
Combine, the initial data were determined and
refined.

Process layouts for mining in near-
envelope (contact) pit zones

Based on the analysis of the findings of the
studies on ore losses during open pit mining, it
was found that the contact (or near-envelope)
zone demonstrates a complex shape of the ore-
rock contact surface and in some cases may not
have a distinguished contact surface. It is possi-
ble to distinguish a certain volume of rock mass
located in the transitional zone from balance ore
to off-balance ore or from one ore grade to the
next. Depending on an ore body dip angle and
the height of a working bench, the contact zone
may have different widths.

The size of the contact zone in plan view
and in the cross-section depends on a number of
factors:

— grades of valuable components in the
contact zone;

—the ore body dip angle in the contact
Zone;

— the height of working bench;

— visual distinguishability of ore and rock.

Excavation of contact zones can be carried
out by longitudinal or transverse cuts.
The selection of cut type depends on the follow-
ing factors:

— curvature of the contact zone line in plan
view;

— the degree of visual distinguishability of
ore and rock in the contact zone;

— the degree of curvature of the "ore-rock"
contact plane in vertical sections;

— parameters of ore bodies — strike, thick-
ness, dip angle.
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The less curved the contact zone line in
plan view and the greater its length, the more
appropriate the selective excavation of the con-
tact zone, since in this case the excavating cut
does not practically change its direction. The se-
lection of the longitudinal or transverse layouts
for contact zone excavation is carried out on the
basis of the requirements for the quality of the
extracted minerals. The longitudinal mining pat-
tern should be selected under conditions of a
large length of the contact zone without chang-
ing direction, whereas the transverse one, in case
of a strongly curved contact zone line with chan-
geable direction in plan view.

Currently, when using the block model for
reserve estimation in the contour of the mined
bench, which is considered to be a mining unit,
the following ore grades are distinguished:

— three grades of rich ore located in the
central part of the ore deposit being developed
(core of the deposit), namely:

a) balance ore with the metal grade in
excess of 4.0 conditional units (CU);

b) balance ore with the metal grade of 2.0
to 4.0 CU,

c) balance ore with the metal grade of 1.50
to 2.0 CU;

— balance ore with the metal grade of 1.0
to 1.50 CU;

— balance ore with the metal grade of 0.50
to 1.0 CU,

— off-balance ore graded at from 0.40 to
0.50 CU;

— rock — mineral mass with the metal grade
below 0.40 CU

To draw up grade plans for ore excavation
(digging) within the mining bench, at the current
planning, three balance ore grades (a, b, ¢), due
to their small amount, are usually combined into
one grade of balance ore with the metal grade
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exceeding 1.50 CU, which is selectively exca-
vated, stockpiled in a separate sectional type ore
stockpile, and serves to charge leaner ore grades
supplied to GMZ-2 (processing plant) for
processing. This allows stabilizing the metal
grade in the commercial ore going to processing,
and ensures stability of the final product output.

The analysis of the ore excavation parame-
ters in the contact zones involved the following
ore grades:

— balance ore with the metal grade in
excess of 1.50 CU (denoted as R — "Rich™);

— balance ore with the metal grade of 1.0
to 1.50 CU (denoted as M — "Medium");

— balance ore with the metal grade of 0.50
to 1.0 CU (denoted as LG — “Low-grade ore”);

— off-balance ore with the metal grade of
0.40 to 0.50 CU (denoted as OB - “Off-
Balance”);

—rock with the metal grade of less than
0.40 CU (denoted a R "Rock™).

The presented division of ore mass into
grades corresponds to the approved conditions
for the Muruntau and Mutenbai deposits devel-
opment in the fifth stage envelope.

Analysis of the “ore - enclosing rocks”
contact zones for the Muruntau and Mutenbai
deposits made it possible to classify their ma-
nifestations.

The developed classification covers the
features of the contact zone geological structure,
the qualitative characteristics of the enclosing
rocks, the ore grades, rock types, the valuable
component content in relation to the mine engi-
neering parameters of mining operations (con-
cordant or discordant dipping of the contact
zone, the bench slope line and front of acting
benches, the contact dip angle) (Fig. 1).
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For the analysis, the main types of the con-
tact zones were selected on the grade plans pre-
sented by the Navoi MMC specialists. The stu-
died contact zones are the boundaries between
the ore grades, the extraction of which is carried
out selectively according to the surveyed refer-
ence points. Bulk mining of all grades of ore and
rock with preservation of the rock mass structure
is envisaged. The boundary between the grades
of ore and rock is assumed to be vertical within
the limits of the extracted bench.

In this case, the face in vertical section can
be conditionally divided into right and left parts,
respectively, with ore of one grade and ore of the
next grade, ore of one grade and rock, or vice
versa, depending on the direction of excavation.
The metal grade in the rock mass of the near-
contact zone is assumed to amount to the average
value between the grade of excavated ore and the
grade of the bordering ore (admixed to the exca-
vated ore).

The boundary grade at the contact be-
tween the ore or rock grades is assumed to be
equal to the cut-off grade for the division of the
ore and rock grades. The width of the near-
contact zone, where different ore types and rock
are mixed, was determined by the graphical-
analytic method depending on the slope angle
during excavation of the blasted rock mass. The
maximal slope angle is accepted for both trans-
verse and longitudinal cuts: 49° and 53°, respec-
tively. The contact zone width amounted to 13.0
m (Fig. 2).

The ratio of the different ore grades in-
terval lengths in the extraction contour was de-
termined based on the equation of Cy the metal
grade at the boundary of the extraction contour;
Cs., the accepted grade for the separation of ores
into the grades for the reserve estimate. The Cg,
value is taken according to the current separation
of ore into the grades when planning production
in an open pit.

In this case, the length of ore and rock in-
tervals on the boundary between the ore grades
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in the course of excavation is determined from
the following equation:

H-Cy, =h -C,+h,-C,,
_H(Cs-C))
» (c,-c,)
h,=H-h,

1)

where H is the height of the extracted layer at the
boundary between the selectively extracted ore
types; h, is the length of the extracted ore grade
at the face or the length of the ore interval at the
ore/rock boundary; h, is the length of the rock
interval at the face at the boundary with the ex-
tracted ore grade type, or the length of the rock
interval at the ore/rock boundary; C, is the gold
grade in the ore in the extraction contour (the
normalized average gold grade for the extracted
ore grade type); Cm is the gold grade in the ad-
mixed rock mass (the normalized average gold
grade for the ore grade type adjacent to the ex-
tracted ore grade type); Cs. — cut-off grade of
gold for the division into the ore grades, the
ore/rock separation.

In Fig. 2: L — the length of an elementary
ore block or the length of the scooping line at
several scooping faces, m; S, — the area of the
ore loss triangle in the elementary ore block, m;
Sy — the area of the triangle of admixing of the
adjacent ore grade or dilution of the elementary
ore block by rock, m; a — the angle at which the
upper contour of the blasted rock mass begins to
be loaded when the excavator bucket scoops
along the bench bottom (determined experimen-
tally), degrees; Cs. — boundary (cut-off) grade
for separating the ore grades, ore and rock, con-
ditional units; C, — gold grade in diluting rock
mass, conditional units; C, — gold grade in the
elementary ore block, conditional units; IA — the
width of the near-envelope (near-contour) zone,
m; A, — the distance to the point of positioning
the flag, indicating the border of the rock mass
loaded as ore, m.




MINING SCIENCE
AND VOL. 4, N2 1 (2019)

FOPHbIE HAYKM U TEXHONOM MK

[I«<Bb

T Elementary

Fig. 2. Schematic of losses and dilution generation in bench slopes when scooping blasted ore mass:
L — the length of an elementary ore block or the length of the loading line at several sides of loading, m;

S, — the area of an ore loss triangle in an elementary ore block, m?; S, — the area of a triangle of admixing the neighboring ore
grade or dilution by a rock for an elementary ore block, m?; a — the angle at which the upper contour of the blasted rock mass
begins to be undermined when scooping along the bench bottom (to be determined experimentally), degrees;

Cs. — cut-off grade of gold for the separation of grades of ore, ore and rock, conditional units; C, — gold grade in the diluting
rock mass, conditional units; C, — gold grade in the elementary ore block, conditional units;

IA — width of the border zone, m; A, — the distance to the flag-indicator to be installed for indicating the boundary of the rock
mass loaded as ore, m)

As part of the analysis, various options for
selective ore extraction in the contact zones be-
tween different ore grades, depending on the di-
rection of excavation, are considered.

It is accepted that: when excavating ore
from richer one towards leaner one, a shift from
the contact by the size of the loss triangle should
be taken, while when excavating in opposite di-
rection, the shift from the contact by the size of
the dilution triangle should be taken.

The slope angles of excavating cuts are
taken on the basis of the field measurements at
the Muruntau and Mutenbai open pits and
amount to 49° for dragline excavators and 53°
for hydraulic excavators.

Results of the field measurements in the
quarry (excavating) faces of the quarries of
the Muruntau and Mutenbai open pits

The parameters of the quarry faces were
measured at the Muruntau and Mutenbai open
pits under the following conditions of excavat-

ing:
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— by full bench with the shotpile height of
19-21 m;

— by full bench with the shotpile height of
12-14 m when excavating the “blast cap”;

— by ramp cutting and scooping.

In all the above-listed quarry faces, the
slope angles and the ore mass shotpile height at
digging were measured. Besides, the used exca-
vator type (dragline or hydraulic) was taken into
account. For each face, 2-3 measurements were
performed, and the average slope angle at the ore
mass digging was determined for the type of ex-
cavator.

The results of determining the slope angles
of the quarry faces are given in Table 1.

At the next stage of the field measure-
ments, the bench height in the rock mass and the
shotpile parameters were measured before and
after blasting operations under the following ar-
rangements for preparing the rock mass for ex-
cavation:
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a) under normal conditions, when the of
the ore mass blasting is performed for the swept
face or relieving wall of the required thickness;

b) in compression with a “blast cap” for-
mation;
c) in the marginal parts of the bench.

Table 1
Slope angles of quarry faces
Type of excavator Type of work Slope angle, degrees
from | to | average
Muruntau open pit
EG-12 Full bench 52 | 55 | 53
Myutenbai open pit
EKG-77 “Blast cap” loading 45 50 49
EKG-60 Full bench 52 55 53
EG-14 Ramp cutting 47 51 -
Table 2
The results of the field measurements of the blasted rock shotpile parameters
Blasted bench height, m
Level B_ench Blasting method
height, m from to average
Muruntau open pit
+330 15 With “blast cap” formation 17 +330 15
+135 15 With “blast cap” formation 16 +135 15
in marginal parts
Myutenbai open pit
+315 15 With “blast cap” formation 23 +315 15
+315 (Block 1) 10 Under compression 15 +315 (Block 10
conditions 1)
+315 (Block 2) 10 Under compression 16.5 +315 (Block 10
conditions 2)
+300 15 For excavated face 13.8 +300 15

At the “M” mine open pits, row-by-row ar-
rangement of blast holes on a 5.6x5.6 m grid was
adopted. The drilling within a working bench is
based on the drilling project. The boreholes lo-
cated within an ore body outline are exploratory-
production, in which drill cuttings are sampled
every 5 m. In the samples of drill cuttings in the
laboratory, the metal grade is determined, and
then the average metal grade in the block model
cell tied to this borehole is calculated.

For each specific block, a Project for load-
ing borehole charges is drawn up, which indi-
cates the blast network installation layout, pro-
viding the required direction of the initiating
pulse passage and the sequence of blasting of the
borehole charges.
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In accordance with the specific mining
conditions and parameters of the excavation
equipment used, the following types of the
blasted block rock mass shotpile formation are
distinguished:

—normal conditions when the shotpile
height is compatible with the digging height of
the excavator used;

—with "blast cap” formation along the
shotpile axis;

—with "blast cap" formation near the
bench face — to be applied in the edge parts of
the bench.

In the course of the field measurements,
the elevation of the rock mass was measured be-
fore and after blasting, and then the height of the
formed shotpile was determined.
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The results of the field measurements of
the blasted rock shotpile parameters are given in
Table 2.

Conclusion

Based on the results of the field measure-
ments of the actual slope angles and the parame-
ters of the blasted rock shotpile, the following
conclusions can be drawn:

— the actual slope angles of the quarrying
faces amounted to the following values:

— when excavating the "blast cap” and us-
ing excavators — 49°;

— when mining ore mass by full bench —
53° regardless of the excavator type used;

— the slope angles of the quarry face, 49°
for dragline excavators and 53° for hydraulic ex-
cavators, are accepted for further calculations;

— it should be noted that the actual slope
angles of the slope angles are lower than the
slope angles adopted in the calculation method
used by the mine, where the slope angle is 70—
75°;

—the width of the marginal (near-
envelope) zone where losses and dilution of bal-
ance ore are generated increased from 7 to 13.0
m (at 49°) and from 7 to 11.3 m (at 53°); as a
result, the areas of loss and dilution triangles
have increased,

— the height of the blasted rock shotpile
when blasting to a relieving wall or swept face
does not exceed the digging height of the exca-
vators used;
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