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(57) ABSTRACT 

A method and a system for in situ measuring and analyzing, 
in a continuous, non-intrusive manner in real-time, one or 
more compounds, typically minerals present in debris from 
drilling or some similar material, in powder, comminuted 
solids or slurry form is disclosed. The method and system 
provide real-time, non-intrusive, continuous in situ determi 
nation of the grade of valuable minerals present in drilling pits 
debris generated during excavation, with a relatively low 
measurement error. 

39 Claims, 3 Drawing Sheets 
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1. 

METHOD AND SYSTEM FOR INSITU, 
CONTINUOUSAND REAL-TIME ANALYSIS 
OF MINERAL CONTENT IN DRILLING 

DEBRIS 

This application claims benefit of U.S. Provisional Ser. No. 
61/874,541, filed 6 Sep. 2013 and which application is incor 
porated herein by reference. To the extent appropriate, a claim 
of priority is made to the above disclosed application. 

FIELD OF INVENTION 

The present invention is related, primarily but not exclu 
sively, to the geological and mining industry, particularly 
with regard to the extraction and processing of minerals, and 
consists of a method and a system for in situ measuring and 
analyzing, in a continuous, non-intrusive manner in real-time, 
one or more compounds, typically minerals present in debris 
from drilling or some similar material, in powder, commi 
nuted Solids or slurry form. The main application includes 
real-time, non-intrusive, continuous in situ determination of 
the grade of valuable minerals, such as copper, iron, silver, 
gold, platinum, nickel, cobalt, chromium, Vanadium, manga 
nese, molybdenum, Zinc, titanium and uranium, among oth 
ers, present in the drilling pits debris generated during the 
excavation, with a relatively low measurement error. 

BACKGROUND 

To determine the concentration of minerals of interest, the 
methods commonly used in the prior art consider the analysis 
of debris samples generated in the drilling of pits performed 
on a field whose feasibility of exploitation is to be deter 
mined. Analysis of debris or dust produced in drilling is 
performed, upon selection of samples, either on the drilling 
site or laboratory. The methods known in prior art for analysis 
of valuable materials concentration use different properties of 
the materials of interest to determine its presence and to what 
extent they are present. 

Debris generated in a pit under excavation generally is 
extracted manually or mechanically, often intrusively, and 
taken to laboratories where is analyzed to determine its grade 
using chemical tests or similar. 

International Patent Application WO95/09.962 is known 
from the prior art and discloses a system for capturing 
samples of the material excavated from a pit. A container that 
can be lowered into the pit on a cable and captures samples 
once inside is disclosed. After the capture, the samples can be 
raised to be analyzed. As usual in the prior art, the samples 
should be handled and transported to a laboratory for analysis 
and determine the degree of mineral concentration. The dis 
advantages of this method are: requires the drilling of the 
entire pit or at least part thereof, after which drilling must be 
stopped to remove the samples; while removing and handling 
samples, they become contaminated during the rise of the 
element that captures, generating measurement error, and 
cause samples must be sent to a laboratory, the response is 
slow, in the order of several hours, which means that when the 
results are available, the drilling machine is already operating 
elsewhere, generating two types of errors; type one error, 
continue drilling wherein the material is sterile, or type two 
error, stop drilling a place which contains valuable or com 
mercially important minerals. 

International patent WO2010/052.645 is also known from 
the prior art and discloses a method and a system of collection 
and analysis for in situ determination of concentrations of 
minerals in granular material originating from a shaft under 
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2 
excavation, in a continuous, non-intrusive manner in real 
time. According to the present invention granular material 
collected passes to a granular material collector, Subsequently 
entering a reading module which determines the concentra 
tion of different materials by atomic absorption spectroscopic 
methods operating at certain wavelengths in the visible and 
infrared spectrum. The collection of granular material comes 
from drilling dust goes up a bit of a hole digging. The con 
centration data of different minerals in the granular material 
being analysed at a given moment may be processed and 
transmitted to establish and/or correct logistic and opera 
tional procedures. The disadvantages of the technology dis 
closed in this patent application are: working with fine par 
ticulate material with humidity less than 6%, thus requiring a 
drying system; besides, in order to quantify the absorption of 
electromagnetic radiation, this technology requires a refer 
ence material. The patent application WO2010/052.645 fur 
ther requires that incident radiation passes through the sample 
at specific wavelengths of visible and infrared spectrum 
between 0.2 and 22 um to determine the mineral grade; this 
technology is also limited in that is not possible passing 
through samples of more than 2 mm in thickness, that is, can 
only read a thin film of material. Moreover, the range of 
molecular spectroscopy of patent application WO2010/ 
052.645, whose incident radiation operates in the range of 0.2 
to 22 um, does not allow to excite all molecules and mineral 
compounds, among them many that also contain copper, 
which generates a measurement error, and it is possible to 
report a Zero copper grade when the actual grade is greater 
than Zero, a result of not being able to detect these compounds 
and molecules. Additionally, the reading means specified in 
the patent application WO2010/052645 uses photo-detectors, 
avalanche photo-diodes or photo-transistors, or charge 
coupled device (CCD sensors), which are very sensitive to 
temperature and its variations, which also generates measure 
ment error of the grade. 

Another prior art document U.S. Pat. No. 3,980,882(A) 
proposes an apparatus for analyzing flowable Substances Such 
as slurries using techniques such as X-ray fluorescence, infra 
red reflectance or emisson spectrography. The material to be 
analyzed is caused to flow over a plate in a very thin film so 
that a quantitative measurement of the elements of interest in 
the material can be made by analytical systems. The invention 
comprises an apparatus for use in the analytical determination 
of a given Substance in a flowing material, said apparatus 
comprising: a member having an upwardly facing Substan 
tially planar Surface; means for causing a stream of said 
material to flow in a substantially invariant manner over said 
Surface in the form of a thin film; and an analytical system 
comprising means selectively responsive to electromagnetic 
radiation of at least one wavelength which corresponds to a 
spectral characteristic of said given Substance, said selec 
tively responsive means being disposed in fixed relationship 
to said surface out of contact with said film for receiving 
radiation travelling from the vicinity of a givenportion of said 
film. The disadvantages of the technology disclosed in this 
patent are that the material should flow over a plate in a 
substantially invariant manner in the form of a thin film, 
making impossible to analyze well flows containing Solid 
particles, since these introduce variability in the film thick 
ness and tends to scatter spreading by gravity on an inclined 
plane; the technology does not work well with fine powders, 
which contain the highest concentrations of valuable miner 
als and tend to be more Volatile, which may damage the 
analytical system in the presented configuration or escape to 
their measurement; the need to operate with a thin film pre 
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vents passing larger flows against the analytical system, or, if 
required, would be necessary to cover an area of large extent. 

The U.S. patent application US20100278302 (A1) is 
known from the prior art and discloses a specific element 
detecting apparatus for detecting the presence or absence of a 
specific element or the concentration of the specific element 
in a measurement target, characterized by providing trans 
porting means that transports the measurement target, pro 
viding fluorescent X-ray measuring device that radiates an 
X-ray to the measurement target and measures a fluorescent 
X-ray generated thereby to detect the presence or the content 
concentration of the specific element, above midstream of a 
transporting path of the transporting means, inserting a resin 
film between a measuring window of the fluorescent X-ray 
measuring device, through which the fluorescent X-ray is 
introduced, and the measurement target on the transporting 
means, and feeding a clear part of the fresh resin film between 
the measuring window and the measurement target along 
with repetition of detection of the specific element. The dis 
advantage of this apparatus is that the unconfined horizontal 
transport of the target material to be measured by conveyor 
belts or other similar means does not prevent the loss of finer 
and Volatile particles, which contain higher concentrations of 
valuable minerals. 

In many production processes related to the extraction and 
processing of materials or Substances of interest from certain 
sets of raw materials is essential to know quickly and accu 
rately the concentration or content of certain compounds 
present in said raw materials. In the case of mining is neces 
sary to know the concentration of one or more valuable min 
erals, Subject to be extracted and processed from a given ore 
body, to determine the commercial feasibility of its extraction 
and to optimize its extraction and post-processing. Therefore 
for determining the mineral content present in the debris of 
prospective drilling there is need to reduce existent inefficien 
cies, errors caused by biased sampling, incapacity to take 
samples from all drilling pits at all depths in a reasonable time 
and alteration of samples associated with the loss of valuable 
fine material or contamination with particles Suspended in the 
environment, which causes measurement error. 

SUMMARY 

To solve the technical problem above mentioned it has been 
designed and developed a technology that integrates the effi 
cient collection, proper conditioning and real-time, non-in 
trusive, continuous analysis of debris produced during a drill 
ing, at the excavation site and with relatively low 
measurement error. 

The present invention consists of a method and a collection 
and analysis system for the in situ determination of concen 
trations of one or more minerals in debris from prospective 
drillings, in a continuous, non-intrusive manner in real-time. 
According to the present invention, debris is collected by a 
collector, is adapted into a conditioning module and is then 
entered into a reading module, wherein the concentration of 
one or more minerals by means of spectroscopic methods is 
determined. The debris, either as a dry, moist granular mate 
rial or as a slurry, typically coming from granular material 
goes up through the bit of a drill excavating a drilling pit. The 
information of mineral content in the debris being analyzed 
can be processed and transmitted remotely to establish, con 
trol or modify logistics and operational procedures. 

The system and method of the present invention measure 
absorption, reemission or diffraction of photons from a por 
tion of the debris by spectroscopic techniques in certain 
ranges of wavelengths of the electromagnetic spectrum, then 
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4 
relate this data to concentrations using calibrations performed 
to compare with measurements made by traditional methods. 
It is more flexible, less expensive and, above all, faster, espe 
cially to obtain results, than the methods, apparatus and tra 
ditional systems from prior art. Being fast and easy, for 
example, allow you to decide when using the method and 
system of the present invention whether to stop an ongoing 
excavation when the pit is considered barren of their mineral 
content. Its measurement error is less than +2% over 10% ore 
grade and is less than +0.1% between 0% and 10% ore grade. 
The system and method of the present invention collects, 

conditions and evacuates debris automatically, without 
requiring the intervention of an external operator operating in 
situ, and functions in an absolutely continuous way. With 
regard to prior art techniques, downtime during the operation 
is prevented, transporting samples to remote analysis loca 
tions is prevented and the requirement of personnel involved 
in this process is decreased. 

In the present invention, the upward transport of debris 
with an incident angle of 15° to 90° from the horizontal by 
spectroscopic reading area by upward transportation media 
Such as a screw conveyor, enables compacting debris by grav 
ity and therefore greater accuracy and homogeneity in the 
measurement than in prior art systems. This transport system 
allows a fully continuous operation and prevents recirculation 
of material against reading spectroscopic means. 

In the present invention, the use of ducts, chambers and 
hermetically sealed modules, either with or without the pres 
ence of vacuum or positive pressure, allows debris adjustment 
for analysis with minimal intervention, adulteration and loss, 
maintaining the debris confined in the system between col 
lection and exit, except for an optional evacuation duct in the 
conditioning module, which removes excess material. 

In the present invention the eventual use of various spec 
troscopic techniques simultaneously allows to obtain various 
real-time information on analyzed compounds of interest, 
taking advantage of the inherent advantages of each tech 
nique, allowing a more flexible operation than prior art tech 
niques. 
Along with measuring the concentration in real-time, the 

depth of an excavation of a pit to be analyzed can be recorded, 
to associate a concentration to each depth. It is for this reason 
that the present invention allows to continuously analyze the 
debris excavated from a pit and generate a continuous profile 
of the concentration of a particular mineral in terms of pit 
depth. 

This continuous mineral concentration profile is more 
accurate since contamination and handling of the extracted 
debris from pits is prevented; so more accurate information 
associated with great precision to drill site is obtained, it saves 
time in the analysis allowing to obtain valuable information 
about concentration of all kinds of minerals in relation with 
the depth profile; consequently, the important, costly and 
irreversible decisions about the blasting of rocks and on how 
to process the ore are more successful. 

In the prior art important part of the excavated material 
being more volatile escapes from analysis processes. In cop 
per mining, for example, where you want to estimate the 
percentage of copper in the Soil, particles containing higher 
concentration of this mineral are smaller and therefore more 
likely to get lost in the manipulation or election of a part of the 
dust cloud generated when drilling a pit. The results of the 
study conducted by Dr. Marcos Alfaro and showed in “Intro 
ducción al Muestreo Minero” performed for the Institute of 
Mining Engineers of Chile (Instituto de Ingenieros de Minas 
de Chile), Santiago de Chile, 2002, shows the relationship 
between the size of the particles extracted in excavating a pit 
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and the copper content of these for a sample. The present 
invention includes a system and method that prevents the loss 
of fine particulate material of debris so more accurate values 
for the concentrations of minerals in the pits being excavated 
are obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the experimental results of measuring the 
amount of copper contained in particles of different size 
obtained from the excavation of a drilling pit. 

FIG. 2 schematically illustrates the best embodiment of the 
system and method of the present invention. 

FIG. 3 schematically illustrates the system and method of 
the present invention with a direct connection between the 
collection module and the storage chamber. 

FIG. 4 schematically illustrates the best embodiment of the 
system and method of the present invention with debris from 
a stockpile. 

FIG. 5 schematically illustrates the system and method of 
the present invention with upward transportation media with 
right angle inclination. 

FIG. 6 shows experimental results of measuring copper 
grade of various powder samples of drilling pits using a 
prototype of the system and method of the present invention 
compared with the copper grade analyzed by chemical tech 
niques in a laboratory. 

DETAILED DESCRIPTION 

According to the present invention, the real-time, non 
intrusive, continuous collection, conditioning and analysis 
system for in situ determination of concentrations of one or 
more minerals in the debris (1) from a drilling pit (12), with an 
error of measurement less than +2% over 10% ore grade and 
less than +0.1% between 0% and 10% ore grade, consists of: 

a debris collection module (100) from debris (1) compris 
ing coupling means (110) for connecting and capture the 
material from the pit (11) of a drilling machine (10) excavat 
ing this pit (12), particularly capturing fine particles or dust 
and liquids, and debris transportation media (120) connecting 
to a conditioning module (200), wherein the debris (1) circu 
lates through such debris transportation media (120), driven 
either by the same force that evacuates the pit or by any 
displacement media Such as a Suction pump; 

a debris conditioning module (200) comprising sieving 
means (210), for example sieves or a sieve filter designed for 
passing, for example, only particles of granulometric size 
below 50 mm, a drying chamber (220) to remove the liquid 
content or moisture of the debris to a value lower than 50%, 
either by heating or by reducing the vapor pressure by a 
vacuum pump, an evacuation duct (230) to remove excess 
material and very coarse particles from the system, for 
example those with a granulometric size greater than 50 mm, 
and a storage chamber (250) in whose bottom the material 
accumulates by gravity; 

one spectrum acquisition module (300) comprising 
upward transportation media (350) of material, for example a 
screw conveyor or auger, or other equivalent transportation 
media, which is sealingly connected to the lower portion of 
the storage chamber (250) and an outlet duct (360), from 
which the debris is released out of the system, allowing the 
compaction of the material by gravity and its circulation 
through a reading area (330), whose walls are made up of 
windows (340) transparent to certain electromagnetic radia 
tion, the electromagnetic emitting means (310) including the 
set of photo-emitters or electromagnetic radiation sources 
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6 
radiating with photons the material passing through the read 
ing area (330), and optical reading means (320) including a 
spectroscopic detectors or sensors (320) for detecting and 
measuring the photons absorbed, reemitted or diffracted by 
the material circulating in the reading area (330), by means of 
atomic or molecular spectroscopy techniques. 
The debris can take the form of powder, granular material, 

and comminuted solids with moisture content from 0% to a 
slurry of 98% of moisture content. This debris can be origi 
nated in drillings being excavated at the time, from Surface or 
depth samples from talus, tailings, open pit or underground 
mines, reservoirs, quarries, stockpiles, leaching piles, 
rubbles, it can also be originated in previous production pro 
cesses or can be part of any recycling or scrap material. 

a data analysis and transmission module (400) comprising 
data control and adaptation means (410), for example con 
trollers and analog-digital converters, computer media (420) 
and communication means (430), being Such data control and 
adaptation means (410) connected to the electromagnetic 
emitting means (310) and to optical reading means (320), 
adapting the data measured by said spectroscopic detectors or 
sensors (320) to digital values that can be stored in computer 
media (420) to be analyzed according to statistical compari 
son with samples of calibration material; said communication 
means (430) allowing transmission of stored digital values 
and its analysis to a remote computer media for decision 
making with regard to the mineral concentration of said 
debris. 

According to yet another assembly of the present inven 
tion, real-time, non-intrusive, continuous collection, condi 
tioning and analysis system for in situ determination of con 
centrations of one or more minerals in the debris (1) from a pit 
(12) being excavated is provided, comprising the steps of: 

a) connecting coupling means (110) to a pit (11) of a 
drilling machine (10) and to a debris collection module 
(100) to capture all, or otherwise as much as possible, of 
debris (1) from the pit (12) being excavated, including 
the finer powders, the liquids and the slurries; 

b) collecting the flow of debris (1) through coupling means 
(110), either by external drive or inner drive through a 
Suction or vacuum pump, an air compressor or equiva 
lent means; 

c) transporting said flow of debris to a conditioning module 
(200) via a transportation medium (120) such as a sleeve, 
a pipe or hose; 

d) filtering in said conditioning module (200) the flow of 
debris through sieving means (210), for passing, for 
example, only particles of granulometric size below 50 
mm, by removing the larger particles and excess mate 
rial through an evacuation duct (230). 

e) drying in said conditioning module (200) the flow of 
debris into a drying chamber (220) either by heating or 
by reducing the vapor pressure by a vacuum pump or 
other equivalent drying device, reducing the liquid con 
tent or moisture of the material to a value lower than 
50%, and transporting said flow of debris to a storage 
chamber (250), whose excess material may be removed 
by the evacuation duct (230); 

f) transporting said flow of debris upwardly by upward 
transportation media (350), such as an screw conveyor 
or similar, to a reading area or chamber (330), in a 
spectrum acquisition module (300); 

g) radiating said flow of debris in said reading area or 
chamber (330) through transparent windows (340) with 
electromagnetic radiation from the electromagnetic 
emitting means (310) consisting of one or more sources 
of radiation or photo-emitters arrangement; and captur 
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ing the emitted radiation that has passed through said 
flow of debris or the radiation that has been reemitted or 
diffracted by interacting with said flow of debris by 
optical reading means (320) consisting of spectroscopic 
sensors or photo-receptors using atomic or molecular 
spectroscopy techniques, such as X-ray fluorescence, in 
which case the electromagnetic emitting means (310) 
and optical reading means (320) operate at energy 
ranges between 1 and 150 keV: 

h) adapting and converting to digital values the reading 
captured by said optical reading means (320) in an data 
analysis and transmission module (400) by data control 
and adaptation means (410), such as an analog-digital 
converter for its storage on computer media (420), gen 
erating a real-time value of the concentration of existing 
minerals of interest, and simultaneously recording the 
depth of the drilling machine (10) in the pit (12) being 
excavated and from which debris is originated, generat 
ing a continuous spectroscopic profile of the collected 
material in function of the depth recorded; 

i) evacuating said flow of debris by a duct outlet (360) for 
Subsequent storage, stock, containment or Subsequent 
use in another application. 

Additionally, the method of the present invention com 
prises the step of analyzing said digital values by Suitable 
mathematical processing and statistical comparison with 
samples of calibration debris, in which the concentration of 
compounds is known, to obtain mineral content of elements 
of interest in the flow of debris. These mathematical processes 
allow us to estimate the concentrations of minerals of interest 
in validity ranges between 0 and 100% ore grade with an 
accuracy of +2% over 10% ore grade and +0.1% between 0% 
and 10% ore grade from photon intensities measured by opti 
cal reading means (320) and adapted by data control and 
adaptation means (410). 

Additionally, the method of the present invention com 
prises the step of transmitting said digital values or mineral 
concentration to a remote computer media using communi 
cation means (430) to take a decision regarding to the mineral 
concentration of said debris. 

Mode Of Carrying Out The Invention 

According to another assembly of the present invention, 
said coupling means (110) of the debris collection module 
(100) can be, for example, a tight coupling, a clamp or a duct 
opening in the form of a bell such as to capture all the debris 
(1), including finer particles or dust and liquids. Meanwhile 
debris transportation media (120) can be, for example, a 
sleeve, a duct or hose, preserving all the debris captured, 
including finer particles or dust and liquids. For example, in 
an analysis of mineral concentration of debris from a drilling 
pit (12), said sleeve reaches the pithead (12) and coupled to a 
portion of the pit (11) of a drilling machine (10) that protrudes 
from the pit (12). 

According to another assembly of the present invention, a 
plurality of inlet ducts is located with their openings covering 
most of the pithead without touching the pit (11) through 
which the air flow is inhaled or driven and the output of said 
ducts are connected to the conditioning module (200). 

According to other assemblies of the present invention, 
said debris (1) may have another origin, Such as Surface or 
depth samples from talus, tailings, open pit or underground 
mines, reservoirs, quarries, stockpiles, leaching piles, 
rubbles, among others, as well as can be originated in previ 
ous production processes, can be part of recycling material or 
come of any source of interest. According to these other 
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assemblies, the debris collection module (100) can capture 
the debris (1), in whole or in part, being fed either automati 
cally or manually. 

According to other assemblies of the present invention, the 
debris transportation media (120) of debris collection module 
(100) can be connected directly to the storage chamber (250) 
of the conditioning module (200) or can be connected directly 
to the upward transportation media (350) of the spectrum 
acquisition module (300). According to these other assem 
blies of the invention, the conditioning module (200) may not 
contain sieving means (210) or drying chamber (220) or 
evacuation duct (230) or collecting chamber (250). 

According to other assemblies of the present invention, the 
conditioning module (200) may contain one or more vacuum 
pumps, air compressors, hydraulic pumps or other equivalent 
device connected to the debris transportation media (120) of 
the debris collection module (100) enabling driving or move 
ment of the debris (1) for said debris transportation media 
(120). 

According to other assemblies of the present invention, the 
conditioning module (200) may contain grinding media, 
formed, for example, by an impact mill connected to a 
vacuum pump, a jaw crusher, an impact crusher, a cone 
crusher a vertical shaft crusher according to the origin of the 
debris, or other equivalent grinding media for obtaining finer 
debris, for example, of granulometric size below 50 mm. 
Such grinding media are connected to the debris transporta 
tion media (120), either directly or through the sieving means 
(210), and either to the drying chamber (220) or the storage 
camera (250). 

According to other assemblies of the present invention, the 
conditioning module (200) may contain other devices and 
processes that enable the debris (1) to be conditioned properly 
before being analyzed in the spectrum acquisition module 
(300), Such as chemical reactors, washing processes, density 
separators, cooling systems, vibration damping systems, 
among others. 

According to other assemblies of the present invention, the 
drying chamber (220) in the conditioning module (200) may 
consist of for example, a belt filter, a vacuum filter, a pressure 
filter, drum filter, a disk filter, a band-pass or belt filter, a 
ceramic filter, a press filter, a plate filter, a hyperbaric filter, a 
thickener, a cyclone, a centrifuge, a microwave oven, a drying 
chamber by heating and cooling and or by heat exchange, or 
by Some other equivalent means for Solid-liquid separation. 

In other aspects of the invention, said upward transporta 
tion media (350) in the spectrum acquisition module (300) 
contemplate an incident angle of 15° to 90° from the horizon 
tal and may comprise a screw conveyor or auger, an hermeti 
cally sealed conveyor belt, a rotary helical duct, a peristaltic 
hose or some other equivalent means that drives debris 
upwardly to the reading area or chamber (330). 

According to other assemblies of the invention, said elec 
tromagnetic emitting means (320) and optical reading (310) 
may consist of respectively, the sources and receivers 
required to implement the techniques of absorption spectros 
copy, fluorescence spectroscopy, fluorescence spectroscopy, 
X-ray spectroscopy, flame spectroscopy, emission spectros 
copy, absorption or atomic fluorescence, plasma emission 
spectroscopy, spark or arc spectroscopy, visible spectroscopy, 
ultraviolet spectroscopy, infrared spectroscopy, Raman spec 
troscopy, mass spectroscopy, nuclear magnetic resonance 
spectroscopy, photoemission spectroscopy, Mössbauer spec 
troscopy, photoacoustic spectroscopy, photothermal spec 
troscopy, or other equivalent spectroscopic technique. Thus, 
these electromagnetic emitting means (320) can be consti 
tuted, for example, by a X-rays source, a visible light source, 
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a gamma ray source, a microwave source, a infrared or ultra 
violet light source, a magnetic source, a heat Source, elec 
trodes, a laser, a hollow cathode lamp, a photo-emitting array 
or some other equivalent means of emission of electromag 
netic radiation. Moreover, said optical reading means (310) 
can be constituted, for example, by a spectrophotometer, a 
thermal chamber, a coil, silicon drift detector (SDD), a pho 
tomultiplier, arrays of photo-detectors and discrete sensors 
Such as avalanche photo-diodes and photo-transistors, Solid 
state or charge-coupled (CCD sensors) devices or other 
equivalent means of optical reading. 

According to other assemblies of the present invention, 
said reading area or chamber (330) may either contain trans 
parent windows (340) or be made of materials transparent to 
certain electromagnetic radiation emitted by said electromag 
netic emitting means (320) and captured by said optical read 
ing means (310). 

Such means of data transmission (430) are for example a 
network of digital transmission via optical fiber, coaxial 
cable, a modem with telephone cable or wireless, radio fre 
quency transmitters, satellite communication, etc. 

According to other aspects of the present invention, the 
collection, preparation and analysis system can further com 
prise a mechanisms control module that performs the coordi 
nation and the electronic control of devices and media of the 
conditioning module (200) and the spectrum acquisition 
module (300), such as said Suction or vacuum pumps, said 
compressors, said grinding media, said drying chamber 
(220), said upward transportation media (350), said electro 
magnetic emitting means (320), said optical reading means 
(310), among others; comprising a Compact RIO or PXI 
chassis with a protocol often used in industrial applications 
such as RS-485, Fieldbus or Ethernet. This mechanisms con 
trol module can perform control loops to control the flow of 
debris, the vacuum pressure in the debris collection module 
(100) or in the conditioning module (200), the intensity of 
electromagnetic radiation used in the spectrum acquisition 
module (300), among other control variables of interest to be 
controlled in the process. 
The system and method of the present invention requires to 

perform a calibration prior to its field operation. This calibra 
tion allows adjustment in computing media (420), using, for 
example, mathematical and statistical techniques such as 
multiple linear regression or partial least squares regression, 
a prediction model of mineral content for the measurements 
of optical reading means (310), so as to minimize the mean 
squared prediction error and maximize the correlation coef 
ficient. This calibration requires building a test set for a cer 
tain quantity of samples, for example between 50 and 200 
samples, with the same characteristics of moisture, grain size 
distribution and mineral concentration of the debris to be 
analyzed during the operation, for which it was previously 
measured the content of the mineral of interest, for example 
the grade of copper or silver, using a reference method, for 
example, chemical analysis in a laboratory, which will Vali 
date the calibration. This calibration should be carried out 
periodically, for example, weekly sampling of the material 
being analyzed, and sent to a laboratory to be analyzed by 
reference methods. 
As shown in the figures, the present invention is a collec 

tion, conditioning and analysis system of low error for in situ 
determination, in a continuous, non-intrusive manner in real 
time, of the concentrations of one or more minerals of interest 
present in debris from drilling or other sources within the 
geological and mining industry or some process of extraction 
and processing of metals, comprising: 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
a) a debris collection module comprising coupling means for 

connecting and capturing the material as a powder, granu 
lar material, comminuted solids, from 0% moisture content 
to a slurry of 98% of moisture content, from a bit excavat 
ing said drill, a debris transportation media that are con 
nected to a conditioning module, wherein the debris flows 
through said debris transportation media, driven either by 
the same force that evacuates the drilling or by a displace 
ment medium; 

b) a debris conditioning module comprising a storage cham 
ber, in which bottom material accumulates by gravity; 

c) a spectrum acquisition module comprising upward trans 
portation media of material having an angle of incidence 
between 15° to 90° from the horizontal, which is sealingly 
connected to the lower portion of said storage chamber 
passing through one reading area or chamber into an outlet 
duct, from which the debris is released out of the system, 
wherein the reading area or chamber comprises some win 
dows transparent to certain electromagnetic radiation, an 
electromagnetic emitting means comprising a set of photo 
emitters or electromagnetic radiation Sources radiating 
with photons to the material passing through that reading 
area or chamber and optical reading means including spec 
troscopic sensors or detectors that detect and measure the 
photons absorbed, reemitted or diffracted by the debris 
circulating through said reading area or chamber, by tech 
niques of atomic or molecular spectroscopy; and 
d) an data analysis and transmission module comprising 

data control and adaptation means, a computer media 
and a communication means, being Such data control 
and adaptation means connected to said electromagnetic 
emitting means and to said optical reading means. 

Said debris can be originated in drillings being excavated at 
the time, from Surface or depth samples from talus, tailings, 
open pit or underground mines, reservoirs, quarries, stock 
piles, leaching piles, rubbles, it can also be originated in 
previous production processes or can be part of any recycling 
or scrap material. 

Also in a preferred configuration, said debris conditioning 
module (b) further comprises an evacuation duct to remove 
excess material from the system, which is connected to said 
storage chamber of said conditioning module (b) and to said 
debris transportation media of said debris collection module 
(a), and said debris conditioning module (b) further com 
prises sieving means connecting to said storage chamber of 
said conditioning module (b), to said evacuation duct of the 
conditioning module (b) and to said debris transportation 
media of said debris collection module (a). 

In another preferred configuration, said debris condition 
ing module (b) further comprises a drying chamber to remove 
the liquid or moisture content from the debris, which is con 
nected to said storage chamber of said conditioning module 
(b) and to said debris transportation media of said debris 
collection module (a) and said debris conditioning module (b) 
further comprises an evacuation duct to remove excess mate 
rial from the system, which is connected to said storage 
chamber of said conditioning module (b), to said drying 
chamber of said conditioning module (b) and to said debris 
transportation media of said debris collection module (a). 

In another preferred configuration, said conditioning mod 
ule (b) further comprises grinding media to obtain a finer 
debris of granulometric size below 50 mm, which are con 
nected to said storage chamber of said conditioning module 
(b) and to said debris transportation media of said debris 
collection module (a), further comprising an evacuation duct 
for removing excess material from the system, which is con 
nected to said storage chamber of said conditioning module 



US 9,394,786 B2 
11 

(b), to said grinding media of said conditioning module (b) 
and to said debris transportation media of said debris collec 
tion module (a), and further comprising sieving means con 
necting to said drying chamber of said conditioning module 
(b) to said evacuation duct of said conditioning module (b) 
and to said debris transportation media of said debris collec 
tion module (a). 

In another preferred embodiment, the debris conditioning 
module (b) further comprises a sieving means which are 
connected to said grinding media of said conditioning module 
(b), to said evacuation duct of said conditioning module (b) 
and to said debris transportation media of said debris collec 
tion module (a), and said debris conditioning module (b) 
further comprises grinding media to obtain a finer debris of 
granulometric size below 50 mm, which are connected to said 
drying chamber of said conditioning module (b) and to said 
sieving means of said conditioning module (b). 

Moreover said debris conditioning module (b) further 
comprises grinding media to obtain a finer debris of granulo 
metric size below 50 mm, which are connected to said drying 
chamber of said conditioning module (b) and to said debris 
transportation media of said debris collection module (a). 

In another preferred configuration, said grinding media of 
the conditioning module (b) comprise an impact mill con 
nected to a vacuum pump, ajaw crusher, an impact crusher, a 
cone crusher or vertical axis crusher. 

In another preferred embodiment, said coupling means 
could be a tight coupling, a clamp or a duct opening in the 
form of a bell and said debris transportation media may con 
sist of a sleeve, a duct or a hose. 

In another preferred embodiment, said drying chamber in 
the conditioning module (b) reduces the moisture or liquid 
content to a value lower than 50% and consists of a band-pass 
or belt filter, a vacuum filter, a pressure filter, a drum filter, a 
disc filter, a ceramic filter, a press filter, a plate filter, an 
hyperbaric filter, a thickener, a cyclone, a centrifuge, a micro 
wave oven, a drying chamber by heating and cooling or by 
heat exchange. 

In another preferred configuration, said sieving means of 
said conditioning module (b) are sieves, a sieve filter or a sieve 
column for only passing particles of a granulometric size 
lower than 50 mm. 

In another preferred configuration, said upward transpor 
tation media of the spectrum acquisition module (c) comprise 
a screw conveyor or auger, a hermetically sealed conveyor 
belt, a rotary helical duct, a peristaltic hose that drives debris 
upwardly to the reading area or chamber. 

In another preferred embodiment, said optical reading 
means of the spectrum acquisition module (c) consist respec 
tively of sources and receivers required to implement the 
techniques of absorption spectroscopy, fluorescence spec 
troscopy, fluorescence spectroscopy, X-ray spectroscopy, 
flame spectroscopy, emission spectroscopy, absorption or 
atomic fluorescence, plasma emission spectroscopy, spark or 
arc spectroscopy, visible spectroscopy, ultraviolet spectros 
copy, infrared spectroscopy, Raman spectroscopy, mass spec 
troscopy, nuclear magnetic resonance spectroscopy, photo 
emission spectroscopy, Mössbauer spectroscopy, 
photoacoustic spectroscopy, photothermal spectroscopy, or 
other equivalent spectroscopic technique, wherein these elec 
tromagnetic emitting means consists of for example, a 
X-rays source, a visible light source, a gamma ray Source, a 
microwave source, an infrared or ultraviolet light source, a 
magnetic source, a heat source, electrodes, a laser, a hollow 
cathode lamp, a photo-emitting array; and wherein said opti 
cal reading means can be constituted, for example, by a spec 
trophotometer, a thermal chamber, a coil, silicon drift detec 
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tor (SDD), a photomultiplier, arrays of photo-detectors and 
discrete sensors such as avalanche photo-diodes and photo 
transistors, Solid State or charge-coupled (CCD sensors) 
devices. 

In another preferred configuration, the present invention 
comprises a mechanisms control module that performs the 
coordination and electronic control of the components of the 
debris collection module (a), the conditioning module (b), the 
spectrum acquisition module (c) and the data analysis and 
transmission module (d). 

In another preferred configuration, said displacement 
means of said debris collection module (a) is a Suction or 
Vacuum pump. 
The present invention further comprises a collection, con 

ditioning and analysis process of low error for the in situ 
determination of mineral concentrations in debris from a pit 
being excavated, in a continuous, non-intrusive manner in 
real-time, comprising the steps of: 

a) collecting a flow of debris using coupling means con 
nected to a debris collection module; 

b) transporting said flow of debris from said debris collec 
tion module in a confined and upward manner by a 
upward transportation media having an angle of inci 
dence between 15° to 90° from the horizontal, to a read 
ing area or chamber in a spectrum acquisition module: 

c) radiating said flow of debris in said reading area or 
chamber with electromagnetic radiation from electro 
magnetic emitting means; 

d) capturing the emitted radiation that has passed through 
said flow of debris or the radiation that has been reemit 
ted or diffracted by interacting with said flow of debris 
by optical reading means: 

e) adapting and converting to digital values the measure 
ments of said optical reading means by data control and 
adaptation means in an data analysis and transmission 
module; 

f) Sending said digital measurement values of said optical 
reading means to a computer media; and 

g) evacuating said flow of debris through an outlet duct for 
Subsequent storage, collection, containment or Subse 
quent use in another application. 

Further comprising another steps after (a) collecting said 
flow of debris in said debris collection module and before (b) 
transporting said flow of debris in a confined and upward 
manner by said upward transportation media to a condition 
ing module through a transportation media. 

Further comprising a Sub-step, wherein in said condition 
ing module Such debris is sieved through a sieving means and 
the material of granulometric size larger than 50 mm is 
removed through an evacuation duct. 

Further comprising a Sub-step, wherein in said condition 
ing module the liquid or moisture content from the debris is 
extracted in a drying chamber to a value lower than 50%. 

Further comprising a Sub-step, wherein in said condition 
ing module said flow of debris is deposited by gravity into a 
storage chamber. 

Further comprising a Sub-step, wherein in said condition 
ing module the excess material is removed through an evacu 
ation duct. 

Further comprising a Sub-step, wherein in said condition 
ing module the debris is grounded to a granulometric size 
below 50 mm. 

Further comprising a Sub-step, wherein in said condition 
ing module after sieving said debris the liquid or moisture 
content of the debris is extracted in a drying chamber to a 
value lower than 50% and the dried moisture is removed 
through an evacuation duct. 
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Further comprising a Sub-step, wherein in said condition 
ing module after sieving said debris, it is grounded to a granu 
lometric size below 50 mm. 

Further comprising a Sub-step, wherein in said condition 
ing module after grinding said debris the liquid or moisture 
content from the debris is removed in a drying chamber to a 
value lower than 50% and the dried moisture is removed 
through an evacuation duct. 

Further comprising a Sub-step, wherein in said condition 
ing module after sieving said debris, said flow of debris is 
deposited by gravity into storage chamber and the excess 
material is removed through an evacuation duct. 

Further comprising a Sub-step, wherein in said condition 
ing module after the liquid or moisture content of said debris 
is removed, said flow of debris is deposited by gravity into 
storage chamber and the excess material is removed through 
an evacuation duct. 

Further comprising a Sub-step, wherein in said condition 
ing module and after grinding said debris, said flow of debris 
is deposited by gravity into storage chamber. 

Further comprising a further step that is prior to (a) collect 
ing said flow of debris in said debris collection module, 
wherein a coupling means are connected to a bit of a drill that 
is in the process of excavating said pit, which capture said 
debris, including the fine particles or dust, the liquids and the 
slurries. 

Further comprising another step, wherein the reading cap 
tured by said optical reading means is adapted and converted 
to digital values in a data analysis and transmission module by 
data control and adaptation means for its storage in computer 
media. 

Further comprising another step, wherein said digital mea 
Surement values of said optical reading means are transmitted 
to a remote computer media. 

Further comprising another step that generates a real-time 
value of the concentration of one or more minerals of interest 
present in said debris, wherein is simultaneously recorded the 
depth of a drill in said pit being excavated from which debris 
is originated, and wherein is recorded a continuous spectro 
scopic profile of the collected material according to the 
recorded depth and wherein said real-time value of concen 
trations of mineral of interest and said continuous spectro 
scopic profile are transmitted to a remote computer to take a 
decision regarding to the mineral concentration of said debris. 

EXAMPLES 

The following example illustrates but does not limit the 
present invention in any way. 

Example 1 

In a laboratory prototype of the system and method of the 
present invention, the copper content was determined in Vari 
ous samples of dust from drilling pits in a copper mine in 
northern Chile. The samples were previously analyzed in a 
chemical laboratory. The prototype implemented X-ray fluo 
rescence spectroscopy techniques using in the spectrum 
acquisition module an X-ray tube with a target of silver and an 
emission spectrum of 3 to 40 keV range as electromagnetic 
emitting means and a silicon drift detector (SDD) with an 
optimal energy range from 1 to 40 keV as optical reading 
means. Dust samples analyzed had a copper grade between 
1% and 3% according to chemical analysis and were finely 
grounded and their moisture content did not exceed 3%. 
Samples were located inside a box which was moved 
upwardly using an angle of incidence of approximately 30° 
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from the horizontal, passed under the X-ray tube and the 
detector in a closed reading chamber. Five readings were 
taken for each sample. The results of the measurements are 
illustrated in FIG. 6, having obtained for samples assayed an 
average relative error of 3.8% and a maximum relative error 
of 11.1% (having averaged the five readings of each sample) 
relative to the copper grade tested in laboratory. 
The various embodiments of the invention described above 

are provided by way of illustration only and should not be 
construed to limit the claims attached hereto. Those skilled in 
the art will readily recognize various modifications and 
changes that may be made without following the example 
embodiments and applications illustrated and described 
herein, and without departing from the true spirit and Scope of 
the following claims. 
We claim: 
1. A collection, preparation and analysis system of low 

error for in situ determination, in a continuous, non-intrusive 
manner and in real-time, of the concentrations of one or more 
minerals of interest present in debris from drilling or other 
Sources within geological and mining industry or from any 
process of extraction and processing of metals, comprising: 

a) a debris collection module comprising coupling means 
for connecting and capture the material as a powder, 
granular material, comminuted Solids, from 0% mois 
ture content to a slurry of 98% of moisture content, from 
a bit excavating said drilling, a debris transportation 
media that are connected to a conditioning module, 
wherein the debris flowing through said debris transpor 
tation media is driven either by the same force that 
evacuates the drilling or by a displacement media; 

b) debris conditioning module comprising a storage cham 
ber, in which bottom material accumulates by gravity; 

c) a spectrum acquisition module comprising upward 
transportation media of material having an angle of inci 
dence between 15° to 90° from the horizontal, which is 
sealingly connected to the lower portion of said storage 
chamber passing through one reading area or chamber 
into an outlet duct, from which the debris is released out 
of the system, wherein the reading area or chamber 
comprises some windows transparent to certain electro 
magnetic radiation, an electromagnetic emitting means 
comprising a set of photo-emitters or electromagnetic 
radiation sources radiating with photons the material 
passing through that reading area or chamber and optical 
reading means including spectroscopic sensors or detec 
tors that detect and measure the photons absorbed, 
reemitted or diffracted by the debris circulating through 
said reading area or chamber, by techniques of atomic or 
molecular spectroscopy; and 

d) a data analysis and transmission module comprising 
data control and adaptation means, a computer media 
and a communication means, being Such data control 
and adaptation means connected to said electromagnetic 
emitting means and to said optical reading means. 

2. The system according to claim 1, wherein said debris 
conditioning module (b) further comprises an evacuation duct 
to remove excess material from the system, which is con 
nected to said storage chamber of said conditioning module 
(b) and to said debris transportation media of said debris 
collection module (a). 

3. The system according to claim 2, wherein said debris 
conditioning module (b) further comprises a sieving means 
which are connected to said storage chamber of said condi 
tioning module (b), to said evacuation duct of said condition 
ing module (b) and to Such debris transportation media of said 
debris collection module (a). 
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4. The system according to claim 1, wherein said debris 
conditioning module (b) further comprises a drying chamber 
to remove the liquid or moisture content from the debris, 
which is connected to said storage chamber of said debris 
conditioning module (b) and to said debris transportation 
media of said debris collection module (a). 

5. The system according to claim 1, wherein said condi 
tioning module (b) further comprises grinding media to 
obtain a finer debris of granulometric size below 50 mm, 
which are connected to said storage chamber of said condi 
tioning module (b) and to said debris transportation media of 
said debris collection module (a). 

6. The system according to claim 4, wherein said debris 
conditioning module (b) further comprises an evacuation duct 
to remove excess material from the system, which is con 
nected to said storage chamber of said conditioning module 
(b), to said drying chamber of said conditioning module (b) 
and to said debris transportation media of said debris collec 
tion module (a). 

7. The system according to claim 5, wherein said debris 
conditioning module (b) further comprises an evacuation duct 
to remove excess material from the system, which is con 
nected to said storage chamber of said conditioning module 
(b), to said grinding media of said conditioning module (b) 
and to said debris transportation media of said debris collec 
tion module (a). 

8. The system according to claim 6, wherein said debris 
conditioning module (b) further comprises a sieving means 
which are connected to said drying chamber of said condi 
tioning module (b), to said evacuation duct of said condition 
ing module (b) and to said debris transportation media of said 
debris collection module (a). 

9. The system according to claim 7, wherein said debris 
conditioning module (b) further comprises a sieving means 
which are connected to said grinding media of said condition 
ing module (b), to said evacuation duct of said conditioning 
module (b) and to said debris transportation media of said 
debris collection module (a). 

10. The system according to claim 4, wherein said debris 
conditioning module (b) further comprises grinding media to 
obtain a finer debris of granulometric size below 50 mm, 
which is connected to said drying chamber of said condition 
ing module (b) and to said debris transportation media of said 
debris collection module (a). 

11. The system according to claim 8, wherein said debris 
conditioning module (b) further comprises grinding media to 
obtain a finer debris of granulometric size below 50 mm, 
which is connected to said drying chamber of said condition 
ing module (b) and to said sieving means of said conditioning 
module (b). 

12. The system according to claim 5, wherein said grinding 
media of said conditioning module (b) comprising an impact 
mill connected to a vacuum pump, a jaw crusher, an impact 
crusher, a cone crusher or a vertical axe crusher. 

13. The system according to claim 1, wherein said debris is 
originated in drillings being excavated at the time, from Sur 
face or depth samples from talus, tailings, open pit or under 
ground mines, reservoirs, quarries, stockpiles, leaching piles, 
nibbles, it can also be originated in previous production pro 
cesses or can be part of any recycling or scrap material. 

14. The system according to claim 1, wherein in the debris 
collection module (a) said coupling means can be a tight 
coupling, a clamp or a duct opening in the form of a bell and 
said debris transportation media can consist of a sleeve, a duct 
or a hose. 

15. The system according to claim 4, wherein said drying 
chamber in the conditioning module (b) reduces liquid or 
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moisture content to a value lower than 50% and consists of a 
band-pass or belt filter, a vacuum filter, a pressure filter, a 
drum filter, a disc filter, a ceramic filter, a press filter, a plate 
filter, an hyperbaric filter, a thickener, a cyclone, a centrifuge, 
a microwave oven, a drying chamber by heating and cooling 
or by heat exchange. 

16. The system according to claim 3, wherein said sieving 
means of said conditioning module (b) are sieves, a sieve filter 
or a sieve column for passing only particles of granulometric 
size below 50 mm. 

17. The system according to claim 1, wherein said upward 
transportation media of the spectrum acquisition module (c) 
comprise a screw conveyor or auger, a hermetically sealed 
conveyor belt, a rotary helical duct, a peristaltic hose that 
drives debris upwardly into the reading area or chamber. 

18. The system according to claim 1, wherein said electro 
magnetic Source means and said optical reading means of the 
spectrum acquisition module (c) consist respectively of 
Sources and receivers required to implement the techniques of 
absorption spectroscopy, fluorescence spectroscopy, fluores 
cence spectroscopy, X-ray spectroscopy, flame spectroscopy, 
emission spectroscopy, absorption or atomic fluorescence, 
plasma emission spectroscopy, spark or arc spectroscopy, 
visible spectroscopy, ultraviolet spectroscopy, infrared spec 
troscopy, Raman spectroscopy, mass spectroscopy, nuclear 
magnetic resonance spectroscopy, photoemission spectros 
copy, Mossbauer spectroscopy, photoacoustic spectroscopy, 
photothermal spectroscopy, or otherequivalent spectroscopic 
technique, wherein these electromagnetic emitting means 
consists of for example, a X-rays source, a visible light 
Source, a gamma ray source, a microwave source, an infrared 
or ultraviolet light source, a magnetic source, a heat source, 
electrodes, a laser, a hollow cathode lamp, a photo-emitting 
array; and wherein said optical reading means can be consti 
tuted, for example, by a spectrophotometer, a thermal cham 
ber, a coil, silicon drift detector (SDD), a photomultiplier, 
arrays of photo-detectors and discrete sensors such as ava 
lanche photo-diodes and photo-transistors, Solid state or 
charge-coupled (CCD sensors) devices. 

19. The system according to claim 1, wherein the system 
comprises a mechanisms control module that performs the 
coordination and electronic control of the components of the 
debris collection module (a), the conditioning module (b), the 
spectrum acquisition module (c) and the data analysis and 
transmission module (d). 

20. The system according to claim 1, wherein said dis 
placement means of the debris collection module (a) is a 
Suction or vacuum pump. 

21. A collection, preparation and analysis process of low 
error for in situ determination of mineral concentrations in 
debris, in a continuous, non-intrusive manner in real-time, 
comprising the steps of 

a) collecting a flow of debris using coupling means con 
nected to a debris collection module as a powder, granu 
lar material, comminuted Solids, from 0% moisture con 
tent to a slurry of 98% of moisture content; 

b) transporting said flow of debris from said debris collec 
tion module in a confined and upward manner by a 
upward transportation media considering an angle of 
incidence between 15° to 90° from the horizontal, 
through a reading area or chamber in a spectrum acqui 
sition module: 

c) radiating said flow of debris in said reading area or 
chamber with electromagnetic radiation from electro 
magnetic emitting means; 
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d) capturing the emitted radiation that has passed through 
said flow of debris or the radiation that has been reemit 
ted or diffracted by interacting with said flow of debris 
by optical reading means; 

e) adapting and converting to digital values the measure- 5 
ments made by optical reading means by data control 
and adaptation means in an data analysis and transmis 
sion module; 

f) Sending said digital measurement values of said optical 
reading means to a computer media; and 

g) evacuating said flow of debris through an outlet duct for 
Subsequent storage, collection, containment or subse 
quent use in another application. 

22. A process according to claim 21, wherein said flow of is 
debris is transported to a conditioning module by a transport 
ing media, after (a) collecting said flow of debris in said debris 
collection module and before (b) transporting said flow of 
debris in a confined and upward manner by said upward 
transportation media. 

23. A process according to claim 22, wherein said condi 
tioning module said debris is sieved through a sieving means 
and the material of granulometric size greater than 50 mm is 
removed through an evacuation duct. 

24. A process according to claim 22, wherein the liquid or is 
moisture content of the debris is extracted in a drying cham 
berto a value lower than 50%, in said conditioning module. 

25. A process according to claim 22, wherein said condi 
tioning module said flow of debris is deposited by gravity into 
a storage chamber. 

26. A process according to claim 25, wherein the excess 
material is removed through an evacuation duct in said con 
ditioning module. 

27. A process according to claim 22, wherein the debris is 
grounded to a granulometric size below 50 mm in said con- as 
ditioning module. 

28. A process according to claim 23, wherein after sieving 
said debris, the liquid or moisture content of the debris is 
extracted in a drying chamber to a value lower than 50% and 
the dried moisture is removed through an evacuation duct in a 
said conditioning module. 

29. A process according to claim 23, wherein after sieving 
said debris, the debris is grounded to a granulometric size 
below 50 mm in said conditioning module. 

30. A process according to claim 29, whereinafter grinding 
said debris, the liquid or moisture content of the debris is 
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extracted in a drying chamber to a value lower than 50% and 
the dried moisture is removed through an evacuation duct in 
said conditioning module. 

31. A process according to claim 23, wherein after sieving 
said debris, said flow of debris is deposited by gravity into a 
Storage chamber and the excess material is removed through 
an evacuation duct in said conditioning module. 

32. A process according to claim 24, wherein after remov 
ing the liquid or moisture content of said debris, said flow of 
debris is deposited by gravity into a storage chamber in said 
conditioning module. 

33. A process according to claim 28, wherein after remov 
ing the liquid or moisture content of said debris, said flow of 
debris is deposited by gravity into a storage chamber and the 
excess material is removed through an evacuation duct in said 
conditioning module. 

34. A process according to claim 27, wherein after grinding 
said debris, said flow of debris is deposited by gravity into a 
storage chamber in said conditioning module. 

35. The process according to claim 21, wherein before (a) 
collecting said flow of debris a coupling means are connected 
to a bit of a drill that is in the process of excavating said pit, 
which capture said debris, including the fine particles or dust, 
the liquids and the slurries. 

36. The process according to claim 21, wherein the reading 
captured by said optical reading means is adapted and con 
Verted to digital values in a data analysis and transmission 
module by data control and adaptation means for its storage in 
computer media. 

37. The process according to claim 21, wherein addition 
ally comprising the step of transmitting said digital values of 
the measurements of said optical reading means to a remote 
computer media. 

38. The process according to claim 21, wherein a concen 
tration value of one or more minerals of interest present in 
said debris is generated in real-time, simultaneously record 
ing the depth of the drilling machine in the pit being excavated 
and from which said debris is originated, and a continuous 
spectroscopic profile of the collected material in function of 
the depth recorded is obtained. 

39. The process according to claim 38, wherein transmit 
ting to a remote computer media said real-time value of 
concentrations of mineral of interest and said continuous 
spectroscopic profile to take a decision regarding to the min 
eral concentration of said debris. 


