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GRAM Model Analysis of Groundwater Rebound in
Abandoned Coal Mines
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Gyoung-Man Kim, Dae-Hoon Kim

Abstract Cessation of dewatering usually results in groundwater rebound after closing an underground coal mine
because the mine voids and surrounding strata flood up to the levels of decant points such as shafts and drifts.
Several numerical models have been developed to predict the timing, magnitude and location of discharges resulting
from groundwater rebound. This study reviews the numerical models such as VSS-NET, GRAM and MODFLOW,
and compares their scopes of assessment at different spatial and time scales. In particular, the GRAM model was
reviewed in details to implement it. This paper describes the implementation of GRAM model and its application
to the Dongwon coal mine in Korea. The application showed that the groundwater level modeled at the shaft of
Dongwon coal mine using the GRAM model is similar to the observed one in the field.
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Fig. 1. Hydrogeological characteristics of room and pillar
mine-workings



Edd} Zshgt 375

Table 1. Classification of the models for predicting groundwater rebound in underground mine-workings

Type Spatial scale Temporal scale Example
Physically-based, fully 3D model - 2 - VSS-NET (Younger and
for detailed analyses = 100 km = a few years Adams, 1999)
Semi-distributed model for large < 1000 km® = a few decades GRAM (Sherwood, 1997)
systems
Convectional Darcian groundwater 2 . MODFLOW (McDonald

<1 k = af
model for large systems 0000 km a few centuries and Harbaugh, 1988)
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Fig. 2. Concepts of ponds and pipes in the GRAM model
(modified from Sherwood, 1997)
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Table 2. Input and output data of the GRAM model

Type Data
® Precipitation (mm)
® Evaporation (mm/year)
® Attenuation of recharge over time
® Area of each pond (mz)
® Area of surface catchment of each pond (m?)
e Storage coefficient
® Original water level (m)
® Percentage run-off (%)
Input ® Abstractions (m3/timestep)
® Marine inflow (ms/timestep)
e Inflow from adjacent mines or aquifers (m’/timestep)
® Number of pond connections, and for each their: height (m), roughness coefficient (mm), diameter
(m), length (m), kinematic viscosity (mz/s)
® Number of surface discharge points and for each their: height (m), roughness coefficient (mm),
diameter (m), length (m), kinematic viscosity (mz/s)
® Which parameters will have Monte Carlo simulation applied to them and for each a probability
distribution
® Water balance consisting of a comparison of the change in storage volume and the difference between
the volume of water entering and leaving the system
Output e Water level data for each pond
® Time of first flow from each surface discharge point
® Volume of each surface discharge over time
® Average volume of flow from each surface discharge point
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Process

v

‘ 1. Calculate recharge into each pond %

v

‘ 2. Remove water by pumping from each pond

2

3. Add inflow from the sea and adjacent |
mines or aquifers to each pond

v

4. Calculate flow from one pond to another ‘

via pipeflow equation
Time-step loop

v

5. Calculate discharge to the surface via
pipeflow equation

Monte carlo loop

Fig. 4. Process of the GRAM model for predicting ground-
water rebound in underground mine-workings(modified
from Sherwood, 1997)
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Table 3. Input values of the GRAM model for predicting groundwater rebound in the Dongwon mine

Entity

Input values

Pond 1 Storage coefficient: 0.45

Area of each pond: 36 km’
Area of surface catchment of each pond: 50 km’

Original water level: 221.5 ML
Level of surface discharge point: 639 ML (fractures)

Pond 2 Storage coefficient: 0.45

Area of each pond: 150 km®
Area of surface catchment of each pond: 200 km’

Original water level: 750 ML

Height: 570 ML

Pipe Diameter: 2 m
Length: 50 m

Roughness coefficient: 20 mm

Kinematic viscosity: 1.124x10° m®/sec
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shaft in the Dongwon mine
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