
28  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

  
  

 

 622.831.24.0010 

. 1, 

. . 2, - . . , ., 
. . 2, . . , ., 
. 3 

 

1 –    „ - “, . -
, , -mail: jbileg@yahoo.com 

2 –     „  
 “, . , ,  

-mail: dmi3rud@mail.ru, omenko @nmu.org.ua 
3 –     , . -

, , -mail: lkhagva01@yahoo.com 

   
   

B. Zhanchiv1, 
D.V. Rudakov2, Dr. Sci. (Tech.), Professor, 
O.Ye. Khomenko2, PhD (Tech.), Associate Professor, 
L. Tsendzhav3 
 
 
 

1 – Uranium Energy Company “Mon-Atom” Ltd., Ulan-Bator 
city, Mongolia, -mail: jbileg@yahoo.com 
2 – State igher Educational Institution “National Mining Uni-
versity”, Dnepropetrovsk city, Ukraine, -mail: dmi3rud@mail.ru, 
homenkoo@nmu.org.ua 
3 – Mongolian University of Science and Technology, Ulan-
Bator city, Mongolia, -mail: lkhagva01@yahoo.com  

SUBSTANTIATION OF MINING PARAMETERS 
OF MONGOLIA URANIUM DEPOSITS

.          
      . 

. -        
          

 Modflow (Schlumberger W.S.).         
,     „ “      
.  -       

     .  
.  -        -

  „ “       ModFlow.   
     ,   -

    ,        -
.           -

    ,        
.     MathCad      

   .          -
 „ “.        -

   $ 2,5    62%     .   
          „ “, 

„ “, „ - “    $ 0,9 .  
 .          

        , 
   . 

 .        
            

       .    
        

         . 
           

    . 
 :  ,   ,   

,   ,   * 
                                                             
©  .,  . .,  . .,  ., 2013 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4 29

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

 .    
    

 ,    
    .   

      
 . , , -

    -
  ,  

  –   
  ,    

 –     
. 

     
     

,    
    -

     ,  
      
,      

   [1]. 
  .  

 ,   
 5 ,      
   ,   

  . -
    -
     :   

 ,    ; 
  ( , ) 

   ,  
   ;  

  ,     
   .   

     , 
   . 

     
 $ 25–35  1    , 

    –  
 „ “    

 , ,   
,       
 .  ,  

-     -
    

      .  
     

.    -
    

   ( ) 
,     

     
.    

    
 ,    
   ,    

  -50 ° .   
,    ,   

      
   ,   

     

 .  ,    
      

 ,       
 . 

 .  , -
  -    

    
      -

  .     
     -

,    
    -

     ,  
      -

.      
     

. 
  .  -

     
      -

  ,   
    -

-     -
   .     

    
     -

    ,   
 ,  -

 ,   , 
     -

     
. 

   -
      

  [2] 
 

x y z
H H H HK K K Q

x x y y z z t
, (1) 

 
 H –  ( )  ; Kx, Ky, Kz –

     
x, y  z ; Q –  

      (   
  ); μ –  

; t – , .    
     (1) 

     ,  
   . 

      
    

   
 

1 1
1 1

1 1
1 1 1 1 ;

x x y y

z z a

C CD v C D v C
x x y y

C CD v C C q n
z z t

   (2) 



30  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

2 2
2 2

2 2
2 2 2 2 .

x x y y

z z a

C CD v C D v C
x x y y

C CD v C C q n
z z t

    (3) 

 
  (2)  (3) : C1  C2 – -

,     
   ; Dx, Dy –  

 ; vx, vy –  
 ; na –  ; 1 – 

 ,   
       -

   ; 2 –  
,   -

        -
 ; q1 –   
      ; q2 – 

     , 
      

   .  Dx  Dy -
   Dx = vx    Dy = vy , :  – -
   .  

     
. 

      
     -

   .   
   . -

    , -
   ,  -

    .   
     -

 ,   -
 ,   . -

    , -
   ,  -

    
   .  

      
,    „ “: 

  1 / ;  
5 / ;  0,1;   0,05; 

   1 = 0,6 –1; 
2 = 0,001 –1.     -

    1030    -
 .    -
 10   20 ,    

       
     -
  . 

    -
    -

      -
      
  . -

       
  .    -

   5,0 / ,  -

    -
.  

    -
     ( . 1).  -

      -
     -

 ,     . 
    -

   ,     
.  

     
        -

,  ,  5–10 ,  -
     .  

     -
   ,    

    ,  
   .   

      -
  30  80 / ,     

    
9–10 .     .  

 74%   [3]. 
     

      
   1  „ “  

  600 000 2 (6 )    
840–1020    .   

   - 
     1, 2, 3, 

4  5     ,   
 .    

  1010–1020    1 
  4-  ,   

   9 .  
    

      
     . 

   1   -
    90%  

. ,    
   ,   

     ,  
    [3]. 

     , 
   ,   -

   ,  ,  
  ,    

.     
    -

   .  
     -
,   ,  -
   . -
 ,     

 ,   
   . -
     

    ,  
,    . 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4 31

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

                                                                                                                                                                     

    
 

. 1.   ( / )   (  )    
  1 ( ), 2 ( ), 3 ( )  4 ( )   1  „ “.   –  

     1,   –    
 

    -
   

 
 =  + 2b, 

 
  –   , ; 
 –     -
, ; b –  , .  

   = 250 , b = 20–50 .   
 ,     . 

      
      b  

:  7  15 .     -
    -

     
  . 

      
     

 ,   -
   .   

   ,   , -
    . 

    
    

      -
 ,      -

   ( . 2). 
     -

       
  ,    

   .  -
      

     -
 ,     

  – - . 
     

   ,  ,   
     . 

 ,    
    -

  ( . 3). 
 

 
 

. 2.   , -
    -

 , , : 1 – - ; 2 – ; 3 – 
 ; 4 –  ; 5 – 

 



32  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

 

 

 
 

 

 

 
 
 

. 3.         -
 „ “,    –  ( )    ( ):     -
 –  :  – 1;  – 2;  – 3;  – 4;  – 5 

 –  

1035 

915 

975 

845 

0     50   100

  

0       50    100 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4 33

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

     
    .  

     -
  .  

    ,  
       
      -
     -

 ,     
   . 

    -
      -

 ,     -
  300       

.     
    . -

       
     -

     .  -
      -

   [4]. 
    -

      
      

    -
    

  ,  : -
,    

,     –   
. -    

    -
       

    -
   . 

     
  ,  , 

 ,       
 .     

   -  .  -
    -

        -
,    

     -
     

.   ,  
  [2],      

    -
    -

       „ -
“ ( ),     
     -

.      
26     -

    -
  ,   

11 .      -
 MathCad     -
     
   , 

  . 
 

        

 „ “, „ “, 
„ - “ „ “  

  ,  22,5 – 44,3 12,5 – 26,1 
  , 3/  121,0 – 196,3 41,7 – 84,3 
  ,  7,5 – 10,1 16,8 – 20,1 
  ,  28,3 – 33,7 63,2 – 75,4 

   , /  48,7 – 53,9 66,7 – 111,8 
 

   -
 ,     , -

      
   , 

,   .   -
        

  „ “, -
        

  „ “, „ “, „ -
“.  -  -

   „ “,   
 , :   -

   – $ 24,9  ;  
   U3O8 – 117,8 ./ ;   

  U3O8 – $ 12,96 / ; -
   – $ 5,09 / ;   -

   – $ 0,65  ;  
    – $ 7,22 / ; -

     – $ 1,42  

(  $ 2,4  – 10%,    $ 3  –  25%  -
 );     

  – $ 5,8  ;   -
  – (50,4 .) 4,2 . 

      -
     -

   .  -
      

   R  = 12,5–26,1 . -
    

     
       .  

   -
      , -

       
.     

   ,     
    .  

     -



34  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

,      -
 . 

    
    „ -

“    $ 2,5    63% -
    . 

    
     

   „ “, „ “, 
„ - “    $ 0,9  

  ,    
$ 17,8 . / . 

    . 
     

   „ “    
   ModFlow.   

    -
 ,      -
. 

    
      

    .  
    

    -
     „ “  

.  
 -   -

      
     -

     -
 „ “, „ “, „ - “. 

     
     

  .   -
  „ “  

   ,  
    ,   

      
.     

    -   
   „ “,  

     . 
    „ -

“  „ “  420 .   
    -

 100 ./ ,    
 200–300 ./ ,   -

. 
 

  / References 
1. Khomenko, O.Ye. and Rudakov, D.V. (2010), “New 
techniques and technologies in mining”, Scholl Under-
ground Mining – 2010, Proc. IV International scientific-
practical conference, The first Ukrainian corporative uni-
versity, CRC Press. Balkema, Netherlands, pp. 203–206. 
2.  . .   : 

 / . . , . . . – , 
2007. – 367 . 

Rogov, A.E. and Raspanov, N.B. (2007), Ma-
tematicheskie osnovy geotehnologii [Mathematical 

Foundations of Geotechnology], Monograph, Almaty, 
Kazahstan. 
3.  . .   -

    :  / -
 . . – : , 2010. – 160 . 

Rudakov, D.V. (2010), Modelirovanie massopereno-
sa radionuklidov v potokah podzemnykh vod [Modeling 
of radionuclide mass transfer in groundwater flows], 
Monograph, Gerda, Dnepropetrovsk. 
4.  : „ - “ [  

] –  : http://gidro-stroi-r.ru/water-
supply/well-boring/methods-drilling-wells/konstrukciya-
skvajiny/ 

Well casing: “Hydro-system”, available at: 
http://gidro-stroi-r.ru/water-supply/well-boring/methods-
drilling-wells/konstrukciya-skvajiny/ 

 
.    

      
    -

  . 
. -   -

     -
      

    -
 Modflow (Schlumberger WS).   

      , 
    „ -

“      . 
 -   -

      
   . 

.  -  
      -

  „ “    -
   ModFlow.  -
     

 ,   -
    ,   

     -
.    

    -
      -

 ,    -
    .  -

   MathCad  
    -

   .   
       

 „ “.   
     
   $ 2,5    62%  
   .  

     -
     -

 „ “, „ “, „ - “ -
   $ 0,9 . 

 .    -
      -

     



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 4 35

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

 

   , 
   . 

 .    
    -

      -
        
     . 

   -
     -
     

     
 ,  .  -

    
       -
   . 

 :  ,  
 ,   -

,   ,  
 

 
Purpose. To justify the geotechnical parameters for 

preparation mode and schemes of development of hydro-
genic uranium deposits in Mongolia by the underground 
in-situ leaching method. 

Methods. Physical and mathematical modeling of 
leachates during in-situ leaching of uranium have been car-
ried out by the finite difference method using software Mod-
flow (Schlumberger WS). The model was verified through 
comparison with the field data, taking into account hydro-
geological conditions of the “Ulzit” deposit in Mongolia and 
necessary precision of calculations. Engineering and tech-
nical foundation of by-layer approach for mining deposits 
with ore bodies on different depths has been made. 

Results. A finite-difference model of uranium leach-
ing for the conditions of hydrogenic deposit “Ulzit” in 
Mongolia has been developed using the special software 
Modflow. As a result of modeling the parameters of 
leachate flow have been evaluated; the changes of urani-

um concentration in mining blocks were reproduced, 
which enabled estimating the dynamics of its extraction 
by pumping wells. The by-layer approach for mining 
separated ore bodies by grouped wells of changing diam-
eters and depth has been justified; it allows keeping the 
mined out horizons separated. The parameters of the 
hexagonal pattern for placing wells for deposits of Mon-
golia have been evaluated using the MathCad software. 
The financial expenses for mining uranium are estimated 
on the example of the “Ulzit” deposit. Application of the 
by-layer approach for preparing separated ore bodies en-
ables saving of up to $ 2.5 million and reducing of up to 
62% of the total time to be spent for mining of reserves. 
The use of sustainable mining cell radius at the location 
according to the hexagonal pattern of wells at the 
“Haraat”, “Khairkhan”, and “Gurvan-Saykhan” deposits 
allows to save up to $ 0.9 million. 

Originality. Increasing efficiency of mining uranium 
deposits of Mongolia through applying the by-layer ap-
proach for preparation of separated ore bodies using the 
wells placed by hexagonal pattern. 

Practical value.Justification of parameters of hex-
agonal pattern of wells location in underground leach-
ing of uranium under the conditions of Mongolia depos-
its accounting for the time variations of uranium 
concentration in leachates. The method for calculation 
of geotechnical parameters of mining uranium deposits 
using in-situ leaching based on modeling of leachate 
flow in mined out blocks has been modified. A re-
source-saving way to prepare separate ore bodies com-
bining the wells of different diameters and filter designs 
has been proposed. 

Keywords: uranium leaching, leachate flow, by-
layer approach of preparation, hexagonal pattern de-
sign, economic efficiency 
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