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ATTACHMENT 1 



Pit 

N-10 

N-11 

J-1/N-6 

N-14 Main Pit 

N-14 Eastern Pit 

J-16 

J-19/J-20 

J-21 

Avg Transmissivity 

For West Side 

Of Lease (Gal/Day/Ft) 

126.3 

126.3 

126.3 

Avg Transmissivity 

For East Side 

Of lease (Gal/Day/Ft) 

196.2 

196.2 

196.2 

196.2 

196.2 

Values Used in Calculating Pit Inflows 

Avg Saturated Thickness 

Of Wepo Aquifer 

For West Side of 

Lease (Ft) 

235.9 

235.9 

235.9 

Avg Saturated Thickness 

Of Wepo Aquifer 

For East Side of 

Lease (Ft) 

201.0 

201.0 

201.0 

201.0 

201.0 

r (ft) 
w 

65 

65 

65 

65 

65 

65 

65 

65' 

·: 

Drawdown 

s = W tan 8 
0 

(Ft) (Degree5) 

13.4 5.9 

8.2 3.6 

6.6 ~.9 

5.7 2.5 

4.5 2.0 

3.9 1.7 

4.5 2.0 

5.7 2.5 

Storage 

Coefficient-S 

8*10 -
5 

8*10 - 5 

8*10 - 5 

8*10 
-5 

8*10 -
5 

0 -5 
8*10 

8*10 - 5 

8*10-5 

~ 
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Terminology Used in Pit Inflow Discussion 

1. Total length of pit is the length in feet that the pit will be open for that specific 

year. 

2. Length in water {feet) was computed two different ways depending oq the proportion of 

the pit that was projected to intercept the Wepo aquifer. For those pits that were 

projected to be predominantly in water, a constant length in water was calculated by 

summing the total lengths in water each year and dividing by the total number of 

years in water. For those pits with smaller areal extents in water, a constant 

length in water was calculated by taking the average lengths in water for individual 

pit cuts for the total period in water. 

3. Pit advancement is the constant length in feet per day that the pit will advance for 

all years in a given mining area. 

4. Time in water is the constant number of days the pit will be open and subject to pit 

inflow each year. 

5. Weighted TF is the weighted transmissivity of the exposed aquifer expressed in 

gal/day/ft for the entire pit. It was calculated by taking the average depth in 

6. 

7. 

8. 

water for a specific year and dividing it by the average saturated thickness for the 

Wepo aquifer for the respective side of the leasehold. This saturated thickness 

* ratio was multiplied by the average transmissivity value for the respective side of 

the leasehold to adjust the transmissivity value for the pit saturated thickness. 

The adjusted transmissivity value for each year was multiplied by a wet area 

weighting factor (wet area for a given year divided by the total wet area in the 

entire mining area). The annual weighted transmissivity values were then summated to 

yield the constant weighted transmissivity value for the entire mining area. 

* In computing the average transmissivity value for each side of the leasehold, five 

wells were not included (42, 44, 49, 59, and 62). These values were not included 

because they were extremely low or atypically high as a result of being partially 

completed in the Toreva aquifer. 

Weighted TL R is the weighted TF divided by 7.48 gal/ft
3 

to convert values for the 

. . ' f 2/d ent1re p1t to t ay. 

I is the Wepo or alluvial aquifer's natural hydraulic gradient for the specific pit 

to be evaluated. It is expressed in ft/ft. 

Weighted QF is the amount of water which will be intercepted from the aquifer through 

flow and is calculated by the formula qF
1

, qFZ =TIL. The initial pit cut in water 

(q ) was incremented by day to account for the gradually increasing pit length. The 
F1 



! . 

qF
2 

values fo~ subsequent pit cuts were calculated using ~· constarit length in water­

(calculated as described in Statement 2). The number of days remaining after the 

initial cut was multiplied to qF
2 

to calcuL3te the total qF
2 

for the entire mining 

area. The qF
1 

and qF
2 

values were added to give a total QF for the entire mining 

area. The total QF was weighted by a wet area weighting factor (wet area for a given 

year divided by the total wet area in the entire mining area) to compute the QF 

totals for each specific year. The units are gal/yr. For the unconfined alluvial 

aquifer, the formula Q = PIA was used. The variables for this equation are defined 

in Chapter 18. 

9. Weighted QL is the linear portion of inflow from aquifer storage and is cal~ulated 

using the formulas QL = 2s ST 
1ft 

3 
and QL = qL * Lw* 7.48 gal/ft • The initial pit cut in water (QL

1
) was incremented 

by day to account for the gradually increasing pit length. Subsequent pit cuts for 

QL
2 

were calculated using a constant length in water. The qL
2 

was divided by 2 to 

account for the spoil piles intercepting inflows from one side of the pit. The 

number of days remaining for the life 6f the mining area after the initial pit cut 

was multiplied to QL
2 

to calculate the total QL
2 

for the entire mining area. The QL
1 

and QL
2 

values were added to give a total QL for the entire mining area. The total 

QL was weighted by a wet area factor as described above to compute QL totals for each 

year. 

s = 

The un~ts are gal/yr. 
s 

(s - _o_) 
0 2b 

For the unconfined alluvial aquifer 

was used. The equation accounts for inflows from both sides of the pit. The 

variables for the unconfined conversion ~f s are defined in Chapter 18. 

10. QR, the radial inflow to each end of the pit, is calculated by the formula 

Q R = 2 1T T G (a ) s 

where, 

a = Tt 

;-2 
w 

The QR is multiplied to a constant factor for a given mining area which was 

calculated by taking the wet width for the entire pit and dividing it by 130' (pit 

width). The constant factor is the total number of 130'. pit widths for the total wet 

width in the mining area. Once the QR for the entire pit was calculated, it was 

multiplied by a weighting factor to compute total OR values for each year. The units 

are in gal/yr. For the unconfined alluvial aquifer 
s = (s 

0 

s 2 
- 0 

2b 
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Attachment 2 
Documentation of Program MINE 1-2 

The program entitled "MINE 1-2", calculates the volume of flow into an open pit 
resulting from natural-gradient flow and pit dewatering (Figure 1). The program can be 
used to simulate a confined, unconfined, or a combination of unconfined/confined aquifer 
conditions. In the case of the unconfined/confined solution, the program accurately 
accounts for the unconfined zone that develops adjacent to.an open pit wall for an 
initially confined aquifer. The program simulates an advancing pit by incrementing and 
summing fluxes on a daily basis. 

Theory 

The derivation of the equations used to calculate pit inflows follows the satne procedure 
developed by Me Whorter (1981 ), which is based upon the concept of a succession of 
steady states. Equations describing one-dimensional unconfined and confined flow are 
the following: 

K _g_ ( h a h J'" = s ah ax ax ya at 

is the hydraulic conductivity L/t; 
is the transmissivity, L2 /t; 
is the specific yield, dimensionless; 
is the confined storage coefficient, dilnensionless; 
is the head in the unconfined zone, L; 

(1) 

is the pressure head above the confining unit in the confined zone, L; 
is the location in cartesian coordinate space, L; 
is time, t; 
is the distance to the unconfined-confined zone interface, L; and 
is the distance from the unconfined-confined interface to the undisturbed 
zone, L. 

Intergrating equations 1 and 2 with respect to x over the intervals in which they are 
applicable, applying Leibnitz's rule, and summing the two solutions results in the 
following equation: 



(3) 

is the regional flux, L 2 It; 
is the flux into the pit, L2 It; 
is the confined aquifer thickness, L; and 
is the pressure head above the confining unit in the undisturbed zone. 

Substituting for h, Lu, H, and Lc and carrying out the integration results in the following 
equation: 

q - q = _!__(.!!_) 
r o df qo 

(4) 

where 

(
SyaTb

2 
STH

2 
STH bJ E = + o + o 

6 2 2 
(5) 

Taking the differential of the right-hand side of equation 4 and rearranging, results in the 
following equation: 

(6) 

Intergrating both sides of equation 6 results in the following: 

(7) 

(8) 

0 



0 

The total flux of water into the open pit as a function of time is represented by the qo 
term in equation 8. Therefore, the flux of water as a function ofti1ne can be determined 
by solving for the roots of equation 8. The progrmn MINE1-2 numerically solves for the 
roots through the use of a Newton-S iteration 1nethod. 

The total volume of flow into the pit is determined by integrating the flux as a function of 
time. This is performed numerically in the program by subdividing each day into 100 
equal time increments, calculating the flux at the fixed time increments, and using 
Simpson's rule to numerically integrate the area under the flux versus ti1ne curve. The 
daily rate of flow into an open pit decreases at an exponential rate. The program 
automatically reduces the number of time increments each day is subdivided into when 
the change in daily flow rates is less than one percent. This reduction in the number of 
time increments accelerates the amount of time required to run the progrmn, with 
virtually no loss of accuracy. 

If the regional gradient is zero (i.e. q,. = 0), equation 7 reduces to the following: 

t q"(t) _ E 
Jdt = J - 3 dqo 
0 q

0
(0)=a:J q o 

(9) 

and 

(10) 

The total flow into the pit is calculated by analytically integrating equation 9 with respect 
to time, 

(ET) 112 

Q=2-
2 

(11) 



Assu1nptions 

The assumptions made in deriving the flow equations and in writing progratn MIME 1-2 
are the following: 

1. Mining intercepts the saturated portion of the pit at the start of each year. 
2. The length of pit opened on a daily basis is equivalent to the total pit 

length divided by the number of days required to open the pit. 
3. Each daily pit increment is instantaneously opened. 
4. Total pit inflow per year is equal to the sum of incremental daily inflows 

for that year. 
5. Pit infows for each year are independent of residual effects fro1n preceding 

years. The method therefore tends to overestimate the amount of water 
coming into the pit. 

6. Hydraulic conductivity, storage coefficient, and depth of saturation are 
constant for each mime pit for each year. 

7. Pit inflow is from two sides for the first year and fro In one side for all 
remaining years. (i.e. there is no additional flow fro1n the reclaimed 
spoils). 

8. Natural-gradient flow is over the entire saturated length of the pit; no 
corrections are made for the orientation of the pit in relation to the 
gradient direction; hence, the saturated pit length is asstnned to be 
perpendicular to the gradient direction. 

9. Natural-gradient flux is unaffected by reclaimed spoils from the preceding 
year. 

10. Fluxes through the ends and bottom of the pit are insignificant and not 
accounted for in the pro gram. 

11. The aquifer is homogeneous, isotropic, and infinite in extent. 
12. The transmissivity value for a pit is set equal to the product of the 

saturated depth of pit and the average hydraulic conductivity. 
13. The number of pits mined per year 1nust be a whole nun1ber, with the 

number of days all pits are open for a year being less than or equal to 365 
days. (i.e. 1 pit open for 365 days, 2 pits open 182 days each, 3 pits open 
121 days each, etc.). 

14. The aquifer is either initially confined or unconfined. The combined 
option is only valid for the development of a small unconfined zone near 
the pit opening for an initially confined aquifer. 

15. If the confined head is not explicitly entered the program substitutes the 
depth in water for the confined head. 

16. If the confined aquifer thickness is not entered the progratn defaults to the 
depth in water for the confined aquifer thickness. 

*Note assumptions 7 and 9 are contradictory if the 1nining direction is in the direction of 

0 -
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