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Background

« Stability graph method (SGM) is an empirical method for dimensioning open
rooms/stopes and support design based on Q' and other three factors.

-An empirical method based on Q-system

-For initial dimensioning and support design for open stopes « Site specific conditions

-Developed in 1981 (Mathews et al., 1981) * Uncertainties in data and analysis
-Modified in 1988 by Potvin and called Modified Stability Graph Method
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Goals of the project

« Improve the data collection approach for assessing stope stability with focuses on applying advanced
scanning technology and selecting critical input parameters;

« Calibrate the three-dimensional numerical modelling methodology developed from previous pre-study
project to reconcile observation;

« Examine the feasibility of using machine learning techniques to predict open stopes' stability using data
from on-site cases and numerical models;

 Develop guidelines for qualitative and quantitative collection of input parameters used in stope design; and

 Develop new stope design tools/guidelines to reduce dilution and waste rock with the aid of numerical
modelling and machine learning techniques based on on-site collection of cases and case histories from
different rock masses in Swedish underground mines.
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Results so far

-Improve the data collection approach
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Ground
surface

Numerical simulation

\/

oy = xxx + Z * Three dimensions

Depth=xxx m

oy = xxx -7 * Multiple joint sets

Results so far
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Results so far

Examine the feasibility of using machine learning techniques
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Results so far

Mechanism analysis

» Joint set / foliation - Appearance

Case muRAD sigmaRQD  In Ir la muUCS sigmalUCS stress B C rho width
1 053.0923 141421 0.5 3 1 77 28 33.8 0.442581 3.176514 o 14.814 18.016
2 65.0923 141421 5] 1.5 4 77 28 33.8 0.442581 3.176514 o 14.814 18.016
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» UCS & RQD

Case muRQD sigmaRQD In Jr Ja muUCS sigmalCs
1 77.8641 12.4645 9 0.5 10 77 28
2 65.6923 1.41421 9 0.5 10 169 39

stress B C rho width height alpha_deg ELOS_measure
40.1 0.208 4.072272 0 16.258  18.564 90 10.74219964
40.1 0.208 4.072272 0 16.258  18.564 90 10.74219964
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Results so far

Develop new stope design tools & data collection guidelines

| |
Case HR ELOS measured Determined Range Measured Range Agree $table Prob Transition_Prob Caving Prob IILOS_Ie_O_Sm_Prob ELOS 0 5 to 1m_Prob ELOS 1m_to 2m_ Prob ELOS gt 2m_Prob Meann StdN
1 4.333661364 10.74219964 =2 m >2m TRUE 0 0 1 0 0 0 1 | 0.076172417  0.042106832
) ) . 2 4.300650325 1.604231289 >2'm 1-2m FALSE 0 0 1 0 0 0 1 0.23406639  0.101711499
Tryckhallfastet pa bergarter - punktlasttestning av borrkarnor i Lappberget 3 4.084712519 2.363825198 =2 m >2m TRUE 0.00044 0.81437 0.18519 0 0 0.10984 0.89016 | 1.057743113  0.476125041
4 4.396137199 1.245381973 >2m 12m FALSE 0 0.03877 0.96123 0 0 0 1 | 0.477294517  0.184801323
0 50 100 150 200 250 5 5.182855152 3.289380985 >2'm >2m TRUE 0 0 1 0 0 0 1 | 0.044817101  0.021508196
w w w 6 5.015481956 1.418240582 >2'm 1-2m FALSE 0 0.92664 0.07336 0 0 0.39777 0.60223 | 2.577433993  0.766480967
Biotit-kvartsit 7 4.387396202 3.377730446 =2 m >2m TRUE 0 0 1 0 0 0 1 | 0.119471366  0.052551181
Biotitskiffer P b b- 1 . ) S G _M_ S G _M_ 8 4.964588836 5.551798493 »2 m >2m TRUE 0 0 1 0 0 0 1 | 0.024298178 0.01350982
Diopsidskarn ro a ]_ ]_S t]_ C 9 5.812656718 0.236464889 <0.5 m 0.5m TRUE 1 0 0 0.99984 0.00016 0 0 | 168.3934577  54.92861512
. 10 6.142765041 0.095304901 1-2 m =0.5m FALSE 0.31962 0.67368 0.0017 0.00198 0.13203 0.82576 0.04023 | 9.295215847  4.447147934
Dolomit 11 4.262931931 0.275220242 0.5-1m =0.5m FALSE 0.99661 0.00339 0 0.13364 0.51344 0.35292 0 | 8.285217862  3.283784572
Glimmerkvartsit devel Opent bas ed Oon MO te 12 4.885447953 0.293722056 <0.5 m 0.5 m TRUE 1 0 0 1 0 0 0 | 218.2868509  62.65269809
Kalksten 13 5.353025903 0.269193978 0.5-1m =0.5m FALSE 0.88449 0.11551 0 0.08585 0.35257 0.56153 0.00005 | 11.65393564  5.137384995
Kalksten-dolomit 14 4.188744176 0.233230268 <0.5 m 0.5m TRUE 1 o 0 0.99999 0.00001 0 0 | 135.6717626  83.57144708
. . ‘ arlo method 15 4.206634639 0.214692487 <0.5 m =0.5m TRUE 1 0 0 0.99419 0.00581 0 0 | 45.84513599  13.62486077
Klastiskt sediment 16 5.286591249 0.262418344 =0.5m 20.5m TRUE 1 0 0 1 0 0 0 | 534.9827223 153.7668645
Kvarts 17  4.831724912 0.145899459 =0.5 m =0.5m TRUE 0.99952 0.00043 0 0.41347 0.53441 0.05212 0 16.1029609  7.277835068
Massiva sulfider 18 5.152143177 0.410447493 <0.5 m =0.5m TRUE 1 0 0 1 0 0 0 | 1229117642  35.88530351
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Summary and Further studies

J Summary

* Data collection improvement

* Numerical model calibration methods

* Application of machine learning technique in SGM

* New stope design tools/guidelines development (PSGM)

J Further studies
* Standardization in data collection - Documentation
* Automatization and in data collection — Development and Integration of Image/Al based method

* Automatization in data calculation and analysis - MATLADB application development
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Mining innovation for a
sustainable future
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