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Large deformations that accompany longwall mining result in complex spatial
and temporal distributions of changes in undrained pore fluid pressures around
the advancing face. These seemingly anomalous changes are recorded in the rapid
water level response of undermined and adjacent wells, and may be expliined in
the short-term as a undrained poroelastic effect. A three-dimensional finite cle-
ment model is applied 1o define anticipated pore fluid response both around the
advancing mining face. at depth. and in the near surface region. The results are
carefully verified against the response recorded at three weli-instrumented long-
wall sites. Pore pressure changes are indexed directly to volumetric strains de-
fining zones of significant depressurization in the caving zone and in zones of
extension adjucent to the subsidence irough on the ground surface. Overpres-
surization occurs in the abutment region, at panel depth, and in the surface
compressive zone immediately inside the angle-of-draw. These resulis are con-
firmed with available, short-term water level response data. defining the strongly
heterogencous spatial response and the significance of well depth on anticipated
water level response.  © 1999 Elsevier Science Limited. All rights reserved

I INTRODUCTION or deform as rock layers warp downward. These alter-

ations in overburden characteristics potentially induce
large strains in the overlying strata that in turn result in
a sirongly heterogeneous and anisotropic hydraulic
conductivity field'™ and simultaneously inducing large
“undrained” changes in pore fluid pressures. These un-

Underground mining by full extraction methods, such as
longwall mining, is becoming increasingly popular for
mining uninterrupted and near horizontal seams.
Longwail mining involves extracting coal in large

blocks, called panels, using a mechanized shearer. The
full seam thickness, of perhaps 1-2 m, is removed and
panel extents are typically 200350 m wide and up to
3000 m in length. Multiple panels comprise a single
mining operation. With this method, the mine roof is
supported with hydraulic supports that automatically
advance as mining progresses. As the supports move,
the mine roof is allowed to collapse into the mine void.
Strata above the mine level are altered as the mine roof
caves behind the shields (hydraulic supports), creating
zones where blocks of rock fill the mine void, or fracture
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drained changes are recorded as raised or depressed
water levels in the zone immediately surrounding the
advancing face®™’. Despite the acknowledgment that
mining-induced strains may be substantial, no compre-
hensive description of this behavior has been advanced.
Some resuits for two-dimensional geometries have been
reported™” but these neglect the true three-dimensional
complexity of the zone immediately surrounding the
advancing face. This behavior is examined in the fol-
lowing.

Undermined strata typically have a complicated
internal structure and stress state, both of which are,
in large part, unknown and perhaps unknowable. This
would appear to make solution for the mining-in-
duced, strain Aeld intractable. However, some alter-
natives may be pursued to avoid using parameters
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that are unlikely available in practice, The subsidence
fieid that develops around a longwall panel is. sur-
prisingly, relatively insensitive to the material prop-
erties of deformation modulus and strength due to the
displacement controlled nature of the process'™!!!*,
Therefore, the mining-induced strain field, defined by
the subsidence profile. may also be decoupled {rom
the material parameters describing the overlying
strata. Once the strain field is defined as unique for
any given mining geometry, fluctuations in pore water
pressure around the longwall face can be evaluated
provided a link between mining-induced strain and
change in pore water pressure is established. This is
the underlying scientific rationale of the work re-
ported here.

2 EVALUATION OF MINING-INDUCED STRAIN
FIELD

The subsidence field that develops around a longwall
panel can be determined directly from empirical obser-
vations'”. These data relate the subsidence and strain
profiles to purameters describing, mining depth, /.
mining width, w, and seam thickness, 1, alone, as illus-
trated in Fig. 1. The relative insensitivity of the resulting
subsidence profile to the material properties of defor-
mation modulus and strength results from the overrid-
ing influence of geometric controls on deformation.
Following mining. the panel span is typically sufficiently
large that closure between panel floor and roof is un-
avoidable. Consequently, the resulting strain field, Ae
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Foun h

Surface 1.0 0.5

{strain vector incurred by mining), is uniquely defined in
terms of the parameters'”

W
22 f| = — I
s [ (1

where the influence of topography is also included in the
ratio of width 10 mining depth, w/l,,. Consequently, the
strain fleld may be uniquely defined given that these
geometric parameters are known, a priori, and the
analysis is now completely decoupled from the materal
parameters describing the overburden strata. This iack
of sensitivity has important considerations in reducing
to a minimum the data required to complete an ap-
praisal of the subsidence effect. This displacement con-
trolled nature of subsidence allows simplification of the
actual fractured rock mass as an equivalent continuous
deformation model.

2.1 Finite element representation

It is assumed that the rock mass is isotropic but heter-
ogeneous, The resulting finite element formuiation for
the solid phase is symbolically defined as

Kod=/ (2)

where £, is the stiffness matrix of the solid phase, ¢ is the
nodai displacement vector, and f is the nodal force

vector. The stiffness matrix. K,. in eqn (2} is defined as

A=// ‘/'mwﬂa,dr dy d= (3)

where § is a geometric matrix, £ is material properties
matrix and a function of the elastic modulus, £. and the
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Fig. 1. Predicted subsidence profile based on the mining geometry. Where d is the horizontal distance from the panel center, S is the
subsidence at the distance o, and Sy, is the maximum subsidence. 1t is assumed in the example that w/h, is equal to 1.
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Poisson ratio, j, and v is the volume. The mining-in-
duced strain vector can be obtained as

Ae=B d ()

Based on the mining-induced strain vector, Az, the vol-
wmetric strain for each element is obtained as

Ary = Ag, + AJ—:“. + A (5)

where Ag,. Az, and As. are mining-induced strains in the
x-, - and =-directions, respectively,

The displacement controlled naiure of subsidence is
implemented in the finite element model (FEM) through
two different nonlinear material models representing the
overburden failure and the coal extraction, respectively.
These two nonlinear material models are presented in
the following.

2.2 Representation of overburden failure

Notice that the 8 matrix in eqn (3) remains fixed during
the solution procedure, and only the D matrix has to be
adapted at each iteration. This is achieved at the end of
each lieration by calculating the maximum principal
stress, oy, and modifying the “effective” elastic param-
elers as

Ey o <0
ek (6)
R
i o <0
= 7
I {;13 o >0 (7

where E is elastic modulus of the overburden, £, is
elastic modulus of elements in compression, Ey/R, is
elastic modulius of elements in extension, g, is Poisson
ratio of elements in compression, p, is Poisson ratio of
elements in extension, and ¢y, is the maximum princi-
pal siress. The magnitude of R, is obtained by match-
ing the “field-measured” or estimated maximum
subsidence.

2.3 Representation of coal extraction

A similar nonlinear modulus model is used to represent
the process of coal extraction. The main advantage of
this method is that elements de not have te be removed
from the mesh in order to simulate coal extraction, and
excavation boundary tractions do not need to be cal-
culated. More importantly, the prescribed displacement
boundary conditions around the longwall panel can be
successfully implemented. The D matrix. as shown in
eqn {(3). for in-panel elements has to be adapted at each
iteration. This is achieved at the end of each iteration by
calculating the vertical strain g,

£ = {Egu g > -0 (8
PTI0Ey < - 10 )

where £, is modulus of the malterial comprising the
panel. £y is initial modulus of the panel material (before
mining) and z. is vertical strain within the panel mate-
rial. This simple model prevents the interpenetration of
the panet roof and floor by changing the panel modalus
al contact, where #n may be assigned any reascnable
large numbers.

2.4 Evaluation of pore water pressure fluctuation

The constitutive equations that extend standard linear

elasticity to poroelastic materials are expressed as'*'?
a7 | 1y, 1.
By == ‘_)—é- - (awé — -9."?\_“'-) ()jjé'“. -+ ‘{_H-Oll‘ip (9)
[eee )
0= ?% + % (10)

where g; is the sirain tensor, o;; is the stress tensor, f is
the fiuid content. and &; is the Kronecker delta function.
In the absence of the pore pressure, p, eqn (9) degener-
ates to the classic elastic relation. Parameters, K and G,
are identified as the bulk and the shear modulus of the
drained elastic solid. Additional constitutive constants,
H and R, characterize the coupling between the solid
and fluid stress and strain.

The constiiutive equations of an isotropic poroelastic
material can actually be separated into a deviatoric
response

!

(:’,'_,' ET_)ES,‘J' (11)
and a volumetric one
P p
TSNy [ 12
A (A H) (12)
P op
B —| ==L 13

where ¢;; and s;; denote the deviatoric strain and stress, P
the mean or the total pressure (isotropic compressive
stress), &, the volumetric strain, and # is variation of
Auid content per unit volume of porous media. Strains
are defined positive in extension and increases in fuid
pressure are defined positive. Under completely un-
drained conditions, the change in fluid content is nall
{0 =0), and eqn (13) becomes

pmngBSP (14)

where B, is known as the Skempton pore pressure co-
efficient'®. Substituting eqn (14) into 12 yields

p = —0As, (15)
where
SRR
o=~(5x7) 1o

and Ae, is obtained through egn (3). It is shown in
eqn (16} that change in pore water pressure is propor-
tional to mining-induced volumetric strain. Compressive
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volumetric strain results in a rise of pore water pressure,
and extensional volumetric strain results in a fall of pore
water pressure. Equation 13 is used to evalunate the
distribution of post-mining overburden depressurization
zones in the {ollowing sections.

3 RESULTANT FE FORMULATION AND SOLU-
TION PROCEDURE

As a summary, the resultant finite element representa-
tion for the evaluation of the pore water pressure fluc-
tuation  around an advancing longwall face is
formulated as

Kldyd = [ {7
Ag=Bd (18)

Solution for the mining-induced strains is directly used
to evaluate the volumetric strain, Ag, and the consequent
change in pore water pressure for each element, as de-
fined in the following

Ap, = An, + As, + As, (19)
p= —0As,. (20)

The pore water pressure fluctuations around an ad-
vancing longwall mining face are evaluated through the
following straight{forward steps: (1} The strain field that
develops around a longwall panel as a result of mining is
obtained through solving equs (17} and (I8). using &
nonlinear FE modei that accommodates the influence of
material failure and sell-weight: {2) From this predicted
strain field, the volumetric strain for each element is
obtained through solving eqn (19); and {3) With the
mining-induced volumetric strains determined. the
change in pore water pressure is obtained through
solving eqn {20). The validation of the resultant FE
model is weli documented in studies'™'*". The fol-
lowing docurments the application of this FE model to a
well instrumented longwall mine site as a three-dimen-
sional example. Through this application, the complex
three-dimensional hydraulic responses of overburden to
longwall mining around the advancing mining face are
thoroughly examined. These results are reported in the
foliowing sections.

4 APPLICATION

An extensive hydrological and geomechanical moni-
toring program was conducted at a longwall coal mine
in West Virginia’. Ground water levels, pre-mining
hydraulic conductivity, overburden movement, and
surface subsidence relative to the passage of the long-

wall panel were obtained through this monitoring
program. Based on this information, the mining-in-
duced overburden strain field and the change in pore
water pressure around the longwalt face are evaluated
under constrained drainage conditions. Results of the
evaluation are verified agamst the in siiu monitoring
resuits.

4.1 Site specification and field monitoring

The mine is located within the Pittsburgh seam, with an
average extraction thickness at the study site ranging
from 1.7 to 1.8 m (5.5 to 6 feet). The instrumented panel
is 183 m (600 feet) wide by 2195 m (7200 feet) long. The
overburden monitoring test site is located at approxi-
mately center-panel length. The test site lies ontop ol a
broad crest at the end of a long steep-side ridge. Relief
to the stream vailey below is 91 to 122 m (300 to 400
feet). The coal seam is approximately 213 to 219 m (700
to 720 feet) deep at the test site. The mined seam Hes
directly beneath about 85 m (280 feet) of highly com-
petent limestone and sandstone strata as contrasted with
the low strength shales and claystones close to the sur-
face.

The shallow water-bearing strata at the test ocation
are considered to be perched or semiperched aquifers,
which consist of a vertical succession of water tables
separated by unsaturated zones. Low permeability
shales and claystones impede the downward migration
of ground water. and water levels decrease as weli depth
increases. Aquifer recharge is almost entirely from pre-
cipitation in the form of spow and rain, and discharge
occurs via springs, seeps along hillsides and via evapo-
transpiration. Pre-mining water levels in wells driiled
within the upper 60 m (200 feet) fluctuate widely with
seasonal changes in precipitation patterns and evapo-
transpiration. Steep topography is known to have
played an important role in shallow aquifer water level
fluctuation, since the high runoff and small recharge
area greatly limit recharge. Pre-mining water levels be-
low 122 m (400 feet) remained fairly constant.

Ground waler monitoring was conducted in a total of
eight monitoring wells and one private well. Six of the
monitoring weils and the private well were located near
the panel-center. Three of those wells (W1, W3 and W35)
were completed to a depth of 183 m (600 feet). Of the
two wells drilled over the panel headgate, well W7 was
completed to a depth of 123 m (405 feet). The other four
wells W2, Wd, W6 and the private well were completed
to a depth of less than 62 m {200 feet).

4.2 Field ground water monitoring results
Hydraulic responses were observed through eight mon-

itoring wells. In general, water levels in shallow wells
(W2, W4 and W6, less than 62 m (200 feet) deep] and
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near center-pane! were lowered (or went dry) within one
month of being undermined, then recovered Lo near pre-
mining levels, {our to five months after mining. Sus-
tained post-mining water levels in these shailow welis
exhibited less fluctuation and were slightly lower than
average pre-mining levels. The 183-m (600-foot) deep
wells (W1, W3, and W5) went dry after the face had
passed 15 m (50 feet) and did not recover. The 123-m
{405-foot) well {(W7) over the headgate was relatively
unaffected in the long term by passage of the face.

4.3 Three-dimensional numerical model

In the following analysis, both the deformation analysis
and the hydraulic response are assumed under steady
state conditions, although this process is necessarily it-
erative, since cffective stresses depend on pore pressure
magnitudes. However, the effects of changes in pore
fluid pressures are overwhelmed by changes in total
stresses, and sirains may be adequately estimated with-
out consideration of pore fluid effects. This is the case,
for example in the consideration of permeability changes
occasioned from longwall mining, verified in previous
studies™*. The evaluation of fully coupled (poroelas-
tic) systems involving singie® and dual’ porosity be-
havior has confirmed the short-lived nature of the
transient poroelastic effects. Similarly, analyses with
steady-state coupling for effective stresses™ have indi-
cated the trivial contribution of effective stresses over the
massive realignment of total stresses conditioned by
mining. This assumption is not a requirement of this
analysis. as strain distributions may be evaluated. in-
clusive of effective stress effects. However, this decou-
pling greatly simplifies the ensuing analysis, with little
loss of applicability.

The three-dimensional FE model, developed for both
the deternunation of overburden deformation and post-
mining hydreologic effects is illustrated in Fig. 2. Boun-
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Fig. 2. FE models for both the determination of overburden
deformation and the post-mining hydrologic regime. Circled
numbers are nodal numbers. Model used quarter symmetry of
the panel, centered on the origin. Panel depth is 210 m below
surface. Solid black represents un-mined coal.

dary mesh deformations in the x-direction at the cross
sections of ¥ = 0 and X = [000 m. in the y-direction at
the cross sections of ¥ = 0 and Y = 600 m. and in the =-
direction at the bottom (Z = 0) are constrained for the
determination of overburden deformation. No-flow
boundary conditions are applied at the cross sections of
X =0 and ¥ =0, and constant head boundary condi-
trons are applied {1 =400 m) at the cross sections of X' =
1600 m and Y = 600 m and around the panel (/i = 188.2
m for the floor, i = 190 m for the roof). This enables the
post-mining ground water regime to be determined, with
the inclusion of deformational effects. The values of the
modulus of elasticity for the overburden are assumed as
E =4 x 107 Pa and 0.30, respectively. The post-failure
values of the Poisson ratio and elastic modulus in ex-
tensional elements, are obtained as 0.45 and E/4, re-
spectively, by matching the maximum model subsidence
with the field-measured one.

4.4 Bistribution of mining-induced strains

The modeled subsidence cone is tlustrated in Fig. 3(a)
and the final subsidence profile at the cross section of
X =0 is compared with field data in Fig. 3(b). It is
apparent that the mode! subsidence profile is flatter
than the field measured one. This may be due to a
number of factors such as the possible discontinuous
deformation of overburden, the deviation of basic
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Fig. 3. Subsidence due to longwall mining. {a) Subsidence
cone, (b) Comparison of model data with field data in the cross
section of X =0
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Fig. 4. Contours of normalized strains at different cross sections.

assumptions from reality. and the possible numerical
errors. Nevertheless, the mismatch between the mea-
sured and modeled subsidence profiles may be con-
sidered adequate for the subsequent analyses. The
strain field, modulated by the surface subsidence
profile, is illustrated in Fig. 4. Apparent from these

(ak

surfuce zone. {(d). (¢} and () represent strains in a vertical section along the panel centerline. (g), {(h) and (i} represent strains in a

horizontal plane immediately above the panel roof. Figures in the columns represent normal strains in the giobal x-, »- and -
directions. respectively.

{b) and (¢} represent sirains in a horizontal plane in the near

figures is that significant mining-induced overburden
extensional deformation is restricted to shallow depths
{less than 100 m deep) ahead of the advancing face,
but more significant mining-induced extensional de-
formation develops behind the advancing face, par-
ticularty in the caving zone and in shear zones above
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the abutments. These include the typically acknowl- angle of draw with the ground surface. The evaluated
edged [ailure zomes enclosed within the envelope of strain field enables undrained changes in pore fluid
the angle-of-draw, and the complex zone of rapidly pressures, recorded as water level rises or depressions
changing strains, characterizing the intersection of the in wells, to be evaluated.
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Fig. 5. Dilfusion-deformation coupling effects during longwall mining at different cross sections. (a) and {b) represent changes in

dimensioniess pressure head and volumetric strains in a horizontal plane in the near surface zone. (¢) and (d) represent changes

in dimensionless pressure head and volumetric strains in a vertical section along the panel centerline. () and () represent changes in

dimensioniess pressure head and velumetric strains in a horizontal plane immediately above the panel roof. Negative values rep-
resent decrease in pressure and compressive strain.
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4.5 Determination of overburden depressurization

Equation {5 can be written as

%Ji = — A, (21

where A# is the change in pressure head due to longwall
mining under completely undrained conditions, and A,
is the mining-induced volumetric strain. The aumerical
results of normalized volumetric strains and changes in
dimensionless pressure {A/i/0) due to longwall mining
{or different cross sections are illustrated in Fig. 5.

As illusirated in Fig. 5{a), the dimensionless pressure
head inside the cenfines of the panel (but above the
panel) and within the shallow aquifer declines within
about 200 m ahead of the working face, significantly
rises behind the working face, and declines in the zone
beyond the panel but within the angle of draw. There-
fore, the zones of depressurization are outside the min-
ing panel and the zone of pressurization is within the
panel in the near surface. As illustrated in Fig. 5(c),
more significant changes in dimensionless pressure head
develop behind the advancing {ace. particularly in the
caving zone (depressurization) and at the ground surface
(pressurization). Therefore, the zone of slight change mn
dimensionless pressure head is restricied to the deep
reaches of the section (right above the coal seam) ahead
of the advancing face at the longitudinal cross section,
As ilustrated in Fig. 3(e), the dimensionless pressure

head inside the confines of the panel and within the deep
aquifer rises within about 100 m ahead of the working
{ace. significantly declines behind the working face, and
rises in the zone beyond the panel but within the angle of
draw. Therefore, in generality, the zones of pressuriza-
tion are outside the mining panel and the zone of de-
pressurization is within the panel at the cross section
{directly above the coal scam).

Changes in dimensionless pressure head distribution
with depth at different cross sections are illustraied in
Fig. 6. Apparent from Fig. 6(a) is that the hydrauiic
response of the surface zone (represented by unfilled
circles} is very different from that of the immediate zone
(represented by filled circles). In the shallow aquifer. the
zone of pressurization is essentially confined within the
panel area and the zones of depressurization are beyond
the panel confines. For the deep immediate zone. the
region of depressurization is within the panel area and
the regions of pressurization are exiernal to this. In the
longitudinal section, the hydraunlic response of the sur-
face zone is also very different from that of the immediate
zone, apparent from Fig. 6(b). The zone of pressuriza-
tion in the surface zone is within the panel area, however,
at depth the zone above the panel is depressurized with
pressurization apparent ahead of the working {ace.

Based on these results as shown in Figs. 5 and 6. it is
concluded that: (1) The piezometric level in a shaliow
well located within the vertical confines of the panel first
declines as the working face approaches and then

: &2 Depth=174m :
4 - +— Depth=24m p

Change in Water Head (m)
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Fig. 6. Changes in dimensionless pressure head {1000{AA/Q)) due to jongwali mining for transverse (a) and longitudinal (b) vertical
sections centered on the panel.
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significantly rises after the working face passes the well;
{2) The piezometric level in a shallow well located outside
the panel, but within the angle of draw, declines first as
the working face approaches and continues to decline
after the working face passes the well: (3) The pie-
zometric level in a deep well located within the panel first
rises as the working face approaches and then signifi-
cantly declines after the working face passes the well: (4)

The piezometric level in a deep well located outside the
panel, but within the angle of draw, rises as the working
face approaches and continues to rise after the working
face passes the well; (3) Wells positioned at the centerline
of a longwall panel exhibit the greatest fluctuations (head
loss in the immediate zone and head gain in the surface
zone), as shown in Fig. 5(a), {e) and 6. The fluctuation of
water levels in a shallow well occurs when the advancing
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Fig. 7. Observed fluctuation of walter levels in monitoring wells. {1) Monitoring well locations with completion intervals relative to
the geometry of the transverse section. (2) Observed water level records of monttoring wells during undermining refative to the time
of advancing face passage,
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face is approximately one thickness of the overburden
ahead of the well {as shown in Fig. 5(a)). This is con-
sistent with observed results’, as shown in Fig. 7.

These conclusions must be modified when drainage
conditions are taken into consideration and the as-
sumption of “undrained” loading is violated. Fluctua-
tion of piezometric levels in water wells is a function of
the well fccation relative to the mine layout, the prox-
imity of mining and wellbore storage characteristics,
This confirms that wells are generally unaffected by
mining of a preceding panel unless they are located
within the angle of draw®. The validity of this statement
may be examined by directly using superposition of the
strain fields illusirated previously. Correspondingly,
conclusions drawn from the single panel case may be
directly applied to multi-panel cases.

These conciusions are also verified by both specific
and anecdotal evidence available from a number of
studies™®*1 A typical observed fluctuation® for a
shallow well during the process of mining is illustrated in
Fig. 8. For this example. the study area overlies {our
adjacent longwall paneis spaced on 300 m centers and
approximately 190 m wide and 2500 m long. The mining
occurs in the Pittshurgh Coalbed, which is typically 1.8
1o 2 m thick in the study area with an overburden
thickness ranging from 210 to 300 m. Well No.4 is about
50 m deep and on the panel centerline. As shown in
Fig. 8, the rate of decline in water level decreases as the
dynamic development of strain changes from extension
to compression. The rate of recovery is the greatest
when the overburden is subject to maximum compres-
sive strain. In this well only the extensional strain sig-
nificantly affected the fluid levels. The compressive phase
of the derived strain curve did not appear to significantly
control either the rise or decline of the fluid level. pos-
sibly due to the development of fracturing and the de-
viation from true “‘undrained™ conditions, or more
likely due to the stiffer behavior of the rock mass in
compression. These observed results are consistent with
the model results.

The previous conclusions, concerning the fluctuation
of water levels within deep wells located within panel
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Fig. 8. Rate of water level fluctuation and strain as a [unction
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Fig. 9. Fluctuation of piezometric levels for the piczometer
305 due to longwall mining.

boundaries, is further verified®. This longwall mine was
operated at about 221 m depth in a 3 m thick seam. The
18 m thick aquifer is located at a depth of about 24-27
m, overlain by a shale aquitard. The longwall panels are
180 m wide, about 1500 m long and separated by a 60 m
spacing with double barrier pillars. The fluctuation of
water levels in piezometer P305 (100 m deep piezometer
completed in shale at the panel centerline) is illustrated
in Fig. 9. The piezometric level rose rapidly by about 8
m Immediately before the subsidence wave reached the
location and then feil dramaticaily (49 m in one day) at
the onset of subsidence.

The conclusions drawn with respect to shallow wells
located both within the panel and outside the panel,
but within the angle of draw, are verified by another
case study”'. The longwall mine is located in the gently
rolling farmland of southeastern Hlinois. and produces
from a 2 m thick coal seam at a depth of 120 m. A 3
io 5 m thick sandstone aquifer is present at a depth of
36 m beneath the 203 m wide by 2400 m long panel.
The fluctuation of water levels in two piezometers TP2
(located at the panel centerline) and TP3 (located
within the maximum extensionai zone at the panel
side) are illustrated in Fig. 10. The water level in TP2
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Fig. 10. Fluctuation of piezometric levels for Trivoli piezo-
meters TP2 and TP3 due te longwali mining.
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first rose and then declined as the active face ap-
proached and then rapidly declined when it was un-
dermined. The water level in TP3 declined as the mine
approached and continued to decline following un-
dermining.

5 CONCLUSIONS

The impacts of longwall mining on ground water re-
sources around a longwall face have been evaluated by
use of a three-dimensional hydrmechanical coupied FE
model. The evaluation is realized by determining the
distribution of post-mining depressurization zones un-
der undrained conditions.

Based on the characteristics of the distribution of
post-mining overburden depressurization zones, it is
concluded that changes in pressure head within the
surface zone are quite diflerent from those within the
immediate zone. For the upper zone, the regions of
depressurization are beyosnd the periphery of the mining
panel with overpressured zones confined within the
panel extent. For the lower zone, the regions of pres-
surization are outside the mining panel with depressur-
izattion within the panel extent. Therefore, the
fluctuation of water levels in diflerent wells will depend
both on the depth and location of these welis relative to
the mine fayout and the proximity of mining. Behavior
apparent from the distribution of volumetric strains (or
changes in pore pressure) is consistent with field obser-
vations, typically made with monitoring wells of high
system {volume} compressibility. The analysis assumes
completely undrained conditions, but, despite poten-
tially large changes in hydraulic conductivity that occur,
post mining. define the appropriate sense of pore pres-
sure change, and its distribution in space.

Although this hydromechanical coupled model is ap-
plied to a particular longwail mining site and conclusions
drawn {rom this application have been used to explain
observed results from other mining situations, cautions
about the model limitations should be made when ap-
plying these conclusions, These limitations include the
assumptions of the non-linear elastic deformation and
the undrained conditions, When the long-term impacts
of longwall mining on groundwater resources are of
concern, post-mining hydraulic conductivity field should
be mcorporated into the groundwater flow model.
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