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GROUNDWATER HYDROLOGY AND GROUNDWATER-SURFACE WATER INTERAcrIONS 

IN RECLAIMED LANDSCAPES IN EAST-CENTRAL ALBERTA, CANADA! 

Stephen R. Moran, Hark R. Trudell, David R. Pauls, Allan E. Howard, and Terry M. Hacyk2 

Abstract.--siudies in east-cent.ral Alberta show re.la-
tively rapid establishment of a stable.groundwater regime in 
terrain that has been reclaimed following surface mining. 
The pattern of resaturation is consistent with projections 
made by numerical •odeling, but the observed rates of resat-
uration are significantly more rapid than projected. At 
early tiaes in the rea&turation process, lateral flow from 
unmined aquifers and especially from deep ponds that extend 
t_o the base of th_e spoil ~is a aajor p_rocess. Downward leak-
age from both per11anent and ephemeral ponds, which is also 
i•portant initially, becomes dominant as the groundwater lev-
el rises and gradients are reduced. The aajority of our data 
have been developed where 5 to 10% of the land surface ta 
covered by permanent ponds with another 3 to 5% cover by 
ephemeral ponds. In these settings, approxi•ately 12 to 15 
years are required to achieve nearly total recovery to a 
steady-state groundwater regime. On the basis of very 
limited data, re1aturation in areas lacking perllanent ponds 
appears to proceed at a 11t1ch slower rate. At -Diploma:t· Mine, 
vbich has reached the •ost nearly- steady-state hydrologic 
regime, the vater·table is at Or ne&r· the land surface 
beneath ponds and generally at a depth of several •etres 
beneath intervening higher land. Where the water table is 
within 2.5 • of the surface, it responds very quickly to 
precipitation events and spring •elt. Thia tiaing and the 
large aagnitude of fluctuations in the water table are taken 
to indicate direct recharge. Vhere the water table la at 
greater depths, fluctuations are generally of smaller aagni-
tude and tend to lag behind recharge events by several 
aonths. These characteristics are taken as indications that 
lateral flow froa adjacent recharge areas is the priaary 
•echanis• of water level change in these locations. 

In low lying areas, where the water table is within 
about a 11etre of the surface, significant levels of ealt 
Acc1.111ulation are observed. In such areas, groundwater 
discharge is alteady contributing to a progressive deter!~ 
ration of the productive capability of reclaiaed soils. 

INT!lODUcrIOli 

Studies of five •ine sites in the plains of 
east-central Alberta, which began in 1979, have 
provided insight into (1) the proceeaes by which a 
•table groundwater regiae is reestabliahed within 
reclaimed landscapes; (2) the steady state, post-
aining water-table position and hydrologic regi•e; 
and (3) the hydrologic role played by 
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various types of surface water bodies in reclai•ed 
landscapes. Three of the aines, Diploaat, Vesta, 
and Paintearth, are in the lattle lliver aining 
area (fig. 1), at the transition between the Black 
(Udic Boroll) and Dark Brown (Typic Boroll) Soil 
Zones. Hydrologic condition• here are aore likely 
typical of '"1nea in the Black Soil Zone. The 
other two aines, Highvale and Vhitevood, are in 
the Wabamun mining area (fig. 1), which ia in the 
Luvioolic (Boralf) Soil Zone. In parts of 
Whitewood, Highvale, Vesta, and Diplomat Hines. 
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Figure !.--Location of study sites 
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the hydrologic regime appears to have nearly 
achieved a post-mining equilibrium.. Elsewhere in 
these mines and at Paintearth Mine, stable 
hydrologic conditions have not yet been 
established. 

RESATURATION OF RECLAIMED LANDSCAPES 

During the mining process, overburden 
material is broken into fragments of various sizes 
that are replaced as spoil. The spaces between 
individual fragments create a aecOndary porosity 
that is numerically equivalent to the bulking 
factor associated with the conversion from 
overburden to spoil, and which is expressed in the 
elevated land surface in mined areas as well as 
the lower density of spoil relative to unmined 
overburden. Depending on the type of material 
involved and its initial water content, this 
secondary porosity can range from 10 to 30%. 
Initially, most of these pores contain air. Over 
time, the air in these pores is replaced by water 
as the spoil resaturates. 

Sequence of Spoil Resatutation 

Data from the instrumented sites confirms the 
general pattern of resaturation of spoil that is 
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suggested by numerical modeling (Schwartz and 
Crowe 1984, 1985, in press). In the early stages 
of spoil resaturation, strong downward hydraulic 
gradients are expected to dominate as leakage from 
ponds and distributed upland infiltration 
contribute recharge to the spoil (fig. 2). At 
this stage, ponds in topographically low areas are 
water-table mounds contributing leakage to the 
groundwater system. As the water table in the 
spoil rises, reaching and then surpassing the 
elevation of the low-lying ponds, the hydraulic 
gradients beneath the lowland ponds reverse to 
become upward-directed, at least during part of 
the year (fig. 2). At Diplomat Mine, it appears 
that the spoil is approaching this stage with the 
onset of more frequently upward~directed vertical 
hydraulic gradients beneath lowland ponds. Where 
recharge in upland ·areas is strong enough, the 
water table will continue to rise beneath the 
upland generating significant lateral transport of 
water and salt from the higher areas toward the 
lower areas (fig. 2). 
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Figure 2.--Example of simulated water-level 
recovery in spoil, after Schwartz and 
Crowe (in press) 

Process of Spoil Resaturation 

Three main processes are involved in the 
resaturation of mine spoil: 

lateral flow from Unmined aquifers and from 
previously resaturated spoil; 
lateral leakage from deep ponds; 
downward seepage from shallow ponds. 

The relative importance of these processes varies 
with the setting of an individual mine and the 
stage in the resaturation process. 

Resaturation by Lateral Flow from Unmined Aquifers 

In the early stages of spoil resaturation, 
lateral inflow from adjacent unmined aquifers is a 
significant process at many mine sites because of 
the large hydraulic gradient. AB the water table 
in the spoil rises, this source of water 
decreases. In some places, in the later stages of 
resaturation, water level in spoil is raised above 
the level in unmined aquifers by recharge within 
the reclaimed terrain, and flow is reversed with 
water flowing out of the spoil into adjacent 
aquifers (Trudell and Moran 1984). 
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The presence of lateral flow into mine spoil 
from adjacent unmined aquifers is shown by the 
distribution of hydraulic head data at the base of 
the spoil at three of the five mines studied. At 
Diplomat Mine, the hydraulic head in the coal 
no_rth of the instrumented reclaimed area is higher 
than in. the spoil during 11uch of the year, 
indicating flow into the spoil. At Highvale Mine, 
the water table in the overburden sandstone 
beneath a hill adjacent to the west edge of Pit· 01 
is approximately 15 a above the water table in the 
epoil. It is likely that soni.e resaturation of the 
apoil is resulting from lateral inflow of 
groundwater from the unmined overburden to the· 
west of Pit 01. At the Whitewood Mine, the 
potentiometric surface at the base of the spoil 
indicates lateral flow frOII the u11111ined coal to 
~he-north into the spoil ·(Alberta EnvirODJ1ent 
1980, P• 54, 57). 

L&teral Seei,age from· Deel) Ponds · -. 

In places where ponds extend deep into the 
•poi!, water aovea laterally from the ponds into 
the spoil. Such_ a situation occura with the deep 
final cut pond at the north end of the 
inatruaented oite at Diplomat Kine (S-7), and with 
the l&rge deep pond at the north edge of the 
inatl"Ullented aite at Vesta Kine (S-20). 

At pond S-7 in Diplomat Kine (fig. 3) water 
has been introduced to the base of the apoil, 
particularly at early tiaea after aining. The 
pond level, at approxiaately 722 • above aea 
level, produces a comparable hydraulic head at the 
baae ;of the apoil adjacent to the pond. Thia 
hydraulic bead bas been diotributed laterally 
outward, particularly toward aite Bll37, and to a 
leaaer degree toward BRSI, both of which ~ave 
•hovn increaae8 in hydraulic head of about 1 • 
aince 1980-81 (fig. 3). 

A coaparable •ituation exiata near pond S-20 
at Vesta Kine. Even aa recently as 1986 the head 
in pond S-20 vao 5 • higher than the hydraulic 
bead at the base of the spoil at two sites 
t ... ediately adjacent to the pond, deapite the fact 
that water levele have increased continuously at 
these oiteo during the 5-year period of 
obaervation. The effect of this leakage fr011 pond 
S-20 can be aeen •• far aa 800 • aouth at site 
1152, in the foTm. of ateadily increaaing beads at 
the base of the opoil (fig, 4). 

Downward Seepage fr011 Shallow Ponds 

Shallow ponds located in apoil at all four 
•lnea for which data are available, give evidence 
of losing water into the spoil during part or all 
of the year. Moat of the ponds appear to be 
connected to the water table, but &Olle are perched 
with unsaturated spoil lying between them and a 
deeper water table. 

Figure 3.~Aerial photograph of PHRP instruaented 
· atudy in reclai•ed terrain in the western 

part of Diplomat Kine 

The l'let los1 of water froa ponds to the 
groundwater flov Systea ha1 been calculated for 
three ahallov, peraanent ponds at Diplomat Kine 
and two ahallow, penu.nent ponds at Veata Kine 
(table 1). The three ahallov ponds at Diplomat 
Mine were contributing water to the spoil 
groundwater flov oyatem in 1985 and 1986, at a 
rate that correaponda to approxiaately 0.1 to 
0.2 • per year when expressed aa a height of water 
applied over the inatruaented area. At early 
ti•es after aining, when vertical hydraulic 
gradients were auch higher, it ia likely that 
these ponds were contributing significantly aore 
leakage to the groundwater aystem. 

At Vesta Mine the COllbination of relatively 
high hydraulic conductivity and large gradient 
below ponds S-21 and S-22 ia reflected in a very 
high aeepage rate (table 1), ouch that the total 
contribution of shallow pond leak.age to the 
groundwater correaponda ~o 2.0 ca of water per 
year over the area of the instrumented aite. 
Leakage of this aagnitude ia certainly significant 
in terms of reaaturating the spoil at Vesta Mine. 
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Figure 4.--Hydrographs of wells at the base of spoil in Vesta Mine, showing water-level 
to leakage from deep pond S-20 recovery, in response 

In addition to shallow permanent ponds, 
ephemeral ponds are responsible for significant 
spoil .resaturation. At Diplomat and Vesta Mines, 
for example, such ponds form in abundance in the 
shallow closed depressions that dot the reclaimed 
landscape. These depressions, which appear to be 
settlement-related features, hold water primarily 
in the spring and during major rainfall events. 
During the spring, when evapotranspiration is low, 
most of the water in the ponds infiltrates into 
the spoil. Although some of this water is 
subsequently returned to the at~osphere by 
evapotranspiration during the summer, some remains 
to produ~e groundwater recharge.· 

A study of 16 ephemeral depressions at 
Diplomat, Vesta, and P8intearth Mines (table 2) 
showed that 70% of the water in the depressions in 
early March 1986 had infiltrated by early May, 
with the remaining 30% lost to evaporation. On 
the basis of available data on antecedent moisture 
conditions, it was calculated that 50 to 70% of 
he infiltration became recharge. At these sites, 
such ephemeral ponds cover from 4.5 to 5% of the 

Table !.--Annual leakage from permanent ponds in 
reclaimed terrain, Battle River mining area 

Total annual leakage, m3 

Mine Pond ID 1985 1986 

Diplomat s- 9 5D6 475 
S-17 274 105 
S-19 203 100 

Total 983 680 

Vesta s-21 10 093 9 152 
s-22 8 560 9 458 

Total 18 653 18 610 
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land surface. We -thu~ calculate that this single 
spring recharge event corresponded to about 0.2 to 
0.3 cm of groundwater recharge when expressed as a 
height of water applied uniformly over the 
instrumented area. 

The significance of these ephemeral 
depressions in contributing to spoil resaturation 
is underscored by data on stable isotopic 
composition of water from permanent ponds, 
ephemeral ponds, and spoil groundwater: In late 
March, water in these depressions has a stable 
isotopic ·characteristic typical of spring 
precipitation with O 180 values of -18 to 
-23 per mille. As spring progresses, the water in 
the depressions becomes isotopically heavier, 
developing a slight evaporitic character by 
May. The isotopic composition of this water is 
strikingly similar to that of the groundwater in 
both Diplomat and Vesta Mines, which strongly 
suggests that seepage from these ephemeral ponds 
is a major contributor to resaturation and 
continued recharge of the spoil groundwater. 

PROJECTION OF STEADY-STATE WATER-TABLE POSITION 
IN MINE SPOIL 

Method of Analysis 

Water-level trends at Diplomat and Vesta 
Mines were evaluated at about 20 sites where 

Table 2.--InfiltratiOn and recharge from 
ephemeral ponds 

Mine 

Diplomat 
Vesta 
Paintearth 

Number 
of ponds 

8 
7 
1 

Pond area 
(m2) 

8660 
9110 

275 

Infiltration 
(ml) 

842 
619 

18 

Recharge 
(ml) 

420 
310 

9 



five to seven years of records are available. 
These water level records were analysed by 
empirically fitting curves to the data and 
extrapolating the ultimate steady-state 
water-table position from the curves. 

The raw hydrograph data from the wells used 
for predicting steady-state water-table position 
had several shortcomings.· Seasonal and 
weather-induced variation was generally extreme, 
and measurements tended to be concentrated in the 
eU111er and fall. To circumvent these problems, a 
2-stage data smoothing process was employed. 
First, a monthly average water level was 
calculated. For months in which no •easurements 
were available, a value for missing •onths vas 
interpolated using the two readings- frDII before 

-and after the hiatus. The emoothed record for 
each year, consisted of 12-monthly average values. 
An annual average was calculated from the 
12-onthly valu"es to eliminate aea8onal variation. 

· Each well used for curve-fitting, therefore, 
had one point for every year for which data were 
available. The year in which each site was ained 
vas determined from aaps of mining progress at the 
tvo ainea. It was assumed that i.._ediately 
following mining and backfilling, the water-table 
position corresponded to the elevation of the pit 
floor. 

All of the -wells at Diplomat Mine and •oat of 
the.well• at Ve~ta Mine displayed water-level 
recovery patterns that were inverae-exponential in 
nature (fig. S) ... That ia, the initial rate of 
recovery vaa rapid, followed by a steadily 
decrea•ing rate.:of recovery, that eventually 
leveled off asymptotically at a level· correspond-
ing to the final equilibrium water-table 
elevation. Thi~ type of water-level recovery is 
analogous to that upon which single well reap~nse 
teat analyses are based. Clearly the aassive 
disruption of the overburden aquifer aaterial and 
associated hydrogeologic enviro1111ent by mining 
will give rise to SOIi~ degree of nonideal response 
in the recovery of water level• in spoil as 
COllpared vith a typical aquifer test •. The gene~•~-

- fora of the equation that describes this recovery 
and to which data ffOII aost of the wells at 
Dipl011at and Vesta Kines were fitted using the 
"Fit-Function" feature of the RS/1 aoftvare (INN 
lleaearch) is given aa equation (1). 

where 
Bt 
C 

I 

D 

Bt • -ceC-t/B) + D (I) 

is hydraulic head at ti•e t 
1• a constant that-includes all 
the physical par .. eters of the aquifer and 
well geometry 
is a constant that accounts for lagged 
response caused by the uonideal behaviour 
of the apoil aquifer 
is a constant that represents the static 
poat-mining hydraulic head. 
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Figure s.~Calculated water.level reco!er~ curves 
for spOil welis at VeSta Kine, showing 
the inverse exponent.:i.al (BRSS-6) and- · 
the hyperbolic tangent (BR53-l) 

A group of well• at Vesta Mine displayed a 
water-level recovery pattern that was distinctly. 
different fr<>11 the 118jority of. the vella (fig, S). 
The recovery cUr11ea ftoim. these vell8 had a · 
flattened, subdued S-ahape, characte"rized by a 
period of ve~y alov recovery at.early ti•es, a 
period o"f relatively rapid recovery at . 
interaediate times, tailing off to a period of 
gradual stabilization at later tiaes. Response of 
this type is sufficiently nonideal to be 
unsuitable for curve fitting to the aemi~empirical 
equation (1). In fact, recovery of this type 
appears to be beyond the approaches characterized 
in the hydrogeological literature. Consequently, 
a fully .. pirtcal approach was ad.opted for these 
vella, fitting the re~overy curves to a functio~ 
of-an appropriate aathe.atical fora, but with no 
physical or theoretical basis. 

The-functions that provide the required curve 
fora are •oat comm.only the coapliaentary error 
function typea or hyperbolic typea. Only the 
hyperbolic types were available in the RS/1 
aoftvare; therefore, the recovery curves vere 
fitted by a leaat-oquares method using a TANH 
(hyperbolic tangent) function of the form · 

Bt • C TAIIII ((t - 1)/E) + D (2) 

where the par .. eter• B, c, and E coabined to 
determine the height, length, and slope of the 
curve, and parameter D defines the inflection 
point of the ·s" •haped curve. This hyperbolic 
curve-fitting was best suited to wells where the 
period of record included the inflection point of 
the recovery curve, i.e., _sites where the water 
level had recovered by aore than 50%. Since the 
hyperbolic recovery curve is symmetrical about the 
inflection poin~, the lover part of the curve 
(i.e., at early tiaea) plus the inflection point 
uniquely defines the ahape of the curve. 

Results 

Using this approach, steady-state vater-table 
predictions vere aade for 12 wells at Diplomat 



Mine and 8 at Vesta Hine. For 10 wells in the 
63.8 ha detailed study site at Diplomat Mine 
(fig. 3). mean water-level recovery was calculated 
to be 95% complete, with individual wells varying 
from 86 to 100% recovered. At two other areas in 
Diplomat Hine, recovery values of 90% were 
calculated. At the detailed study site at Vesta 
Mine, seven of eight wells indicated a mean 
recovery of 86%, with individual wells ranging 
from 62 to 100%. One well indicated only 33% 
recovery, but the data set ls suspect, and it is 
likely that recovery at this site is mo~e nearly 
complete. 

Water-table levels at Highvale Hine are 
generally very stable or show_a gradual decline. 
cOnsequently, we conclllde that the water-table 
position at t_his instrumented site iii _similarly at 
or very close to itS equilibrium position, even 
though no calculations were made. 

In newer areas of Vesta and Paintearth Mines, 
. spoil resaturation .has just begun. Only a few 
wells at the base of the spoil show any rise in 
water levels at all. It is not possible, 
therefore, to project where the stable water table 
will be. 

Rate of Spoil Resaturation 

The rate of spoil resaturation can be 
illustrated by the length of time required to 
reach 8 specified degree of water-level recovery. 
As can be seen in table 3, water-level recovery is 
somewhat more rapid at Diplomat Mine than at Vesta 
Mine, presumably a reflection of the greater 
thickness and lower permeability of spoil at Vesta 
Mine. It should be noted that no such relatively 
rapid reestablishment of a post-mining equilibrium 
groundwater regime is occurring in the more 
recenty mined areas of Vesta or Paintearth Mines. 
Although these areas were· mined from four to seven 
years ago, there is no evidence of significant 
resaturation. The apparently slower restablish-
ment of a stable water table in spoil in these 
areas may be related to differences in the spoil, 
which is generally about 20 m thick and is of 
generally low permeability. It is more likely, 
however, that the absence of major surface ponds, 
and especially deep ponds that recharge the base 
of the spoil, is responsible for the differences 
between these settings and the older instrumented 
sites. 

EXAMPLE OF EQUILIBRIUM GROUNDWATER REGIME 
IN RECLAIMED TERRAIN 

Water-Table Characteristics at Diplomat Mine 

The position and response of the water table 
in Diplomat Mine provide an insight into the 
conditions that are likely to characterize stable 
post-mining landscapes that contain lakes and 
ponds. 

The water table is dominated by a large 
water-table mound at approximately 724 m 
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Table 3.--Rate of spoil resaturat!on 

Hine 

Diplomat 
Vesta 

50% Recovery 

Mean (Range) 

4 (0.9 to 8.0) 
5.8 (1.3 to 12.6) 

Mean 

12 .9 
15.1 

95% Recovery 

(Range) 

(3.0 to 19.6) 
(5.7 to 28.2) 

elevation, situated near the-centre of section 1 
(fig. 3)._ This mound is associated with several 
ponds aOd depressions located in troughs between 
remnant .spoil piles, in a position that is 
relatively high in the landscape, at 725.l to 
725.7 m. Groundwater flow is radially-outward 
from this mound with heads dropping off to about 
721.5 to 722 min all directions. The water-table 
mound results from direct recharge through this 
series of generally deep ponds that include sites 
BR71, 170, and 171, ·among others (fig. 3) • 

TheSe upland ponds and depressions represent 
areas in which the water table is within 1.5 m of 
the surface; the net direction of groundwater 
movement is downward and away from the ponds. The 
hills in the reclaimed landscape at Diplomat Mine, 
as represented by those at site BR107 and BR104 
(fig. 3) represent areas of deep water-table 
conditions where little or no groundwater recharge 
is occurring. It appears that nearly all of the 
precipitation and snowmelt that occur in these 
settings infiltrates only to shallow depths or 
runs off. The small increases in water-table 
elevation that are recorded at these settings 
represent lateral movement of recharge pulses from 
the nearby upland depressions. The same is 
probably true to a great degree for midslope sites 
such as BR103, 105, and 106 (fig. 3). 

It is not known whether the water-table 
situation around the upland depressions and ponds 
at Diplomat Mine represents a near equilibrium 
condition or whether the water table will continue 
to rise in the areas between the ponds. 
Examination of similar landscape settings in 
undulating to rolling unmined terrain suggests 
that the present configuration may be nearly at 
equilibrium. Two recently published studies from 
Saskatchewan and Manitoba report similar 
relationships between ponding and water-table 
position in undulating to rolling terrain 
containing ponds. Data from near St. Denis, 
Saskatchewan (Miller et al. 1985, P• 297-301) and 
Hameota, Manitoba (Mills and Zwarich 1986) 
document the presence of water-table mounds 
beneath depressions and ponds that rise well above 
the level of relatively stable intervening low 
areas on the water table that underlie hills and 
non-ponded flats. 

Ponds in lowland settings, such as S-9, S-17, 
and S-19 (fig. 3) represent a somewhat different 
situation from their upland counterparts. These 
ponds typically receive discharge from the 
groundwater system during part of the year, and 



,lose water to the groundwater system at other 
times, although available data show that they are 
net contributors to the groundwater system. 
Because of their position in the landscape, the 
water table around these ponds is at a relatively 
ahallow depth for some distance beyond their 
edges. The level of these ponds appears to be 
controlled by an equilibrium between the rate of 
water loss from the ponds and the rate at which 
groundwater is drained from the system at the base 
of the spoil. 

Surf~ce Water-Groundw4ter Interactions 
·at Diplomat Hine 

The response of the water table over time at 
Diploaat Hine varies with topographic setting. 
Three characteristic settings have been 
identified: (I) Flat lying areas and lower elopes 
where the depth to water table is leas than 2.5 to 
3 a below-lround •urface; (2) Upland hill• and 
aidalopea where the depth to water table is 
greater than ~ .• 5 to 3 •; and (3) Areas adjacent to 
permanent ponds where the water table ta less than 

.1.s • deep. 

In flat-lying areas where the water table is 
leas than 3 m deep such as sites BR65 and BR68 
(fig. 3), the water table responds strongly to 
spring snOWlllelt and aajor precipitation events. 
In well BR68-3 (fig. 6), for example, spring 
•nOlftlelt produced a water-table rise of 2.6 and 
1.65 • in 1985 and 1986, respectively. Prom the 
enowmelt peak, the water table in this setting · 

. reced_es over the summer •onths. Major 
precipitation periods 1 such as the 108 WIil of 
rainfall in August 1985 or the 180 mn of rainfall 
in July 1986, produced water-table increases of 
o.73 and 1.71 a, ,re•pectively; in the latter case, 
exceeding the rise caused by apring melt. 
Subsequent to these recharge events, water-table 
~ecesaion occurs, ,ri.th annual ~owe 9Ccurring 
during the late winter (February to March). 

In upland and aidslope settings, such as 
eitea BR40, 66, and 109 (fig. 3), where the water 
table is deeper than 2.5 •, two characteristics of 

·1· ~- ..... ~· •• ,-, ••. , .-............ .,...,. .... 
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Figure 6.~Hydrograph of well BR68-3 ehowing 
water-table response to recharge events 
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water-table response are dominant: (1) The 
magnitude of water-table rises and declines ta 
reduced, and (2) The arrival of recharge events at 
the water table is delayed. At well RR66-4 
(fig. 7), for example, the water table is from 3.8 
to 4.2 m deep; the water-table peak corresponding 
to spring melt is delayed well into the summer, 
occurring usually in August. The magnitude of the 
water-table rise from this recharge is relatively 
small, for example, 0.28 and 0.20 min the spring 
of 1985 and 1986, respectively. The major 
prec-ipitatiori events of Allgust 1985 and July l986 
show a similar delay in arriving at the water 
table. The August 1985 precipitation produced a 
rise in water table in well BR66-4 of 0.16 m, 
peaking in mid-October 1985. Similarly, the July 
1986 precipitation produced a rise of 0.21 • with 
the peak occurring in early Hove•ber 1986. 

In the· third setting, next tO iieraanent pondS 
where the water table ts leas than 1.5 • deep, the 
water-table elevation is very close to the level 
of the ·pond, and water-table response tends to-
parallel, both in ti•e and in aagnitude, changes 
in pond elevation. The exception to this pattern 
occurs during the winter •onths when the water 
table declines, presU11.ably because of the 
fol'"mation of overlying ground frost, whereas the 
pond freezes at a level corresponding to its late 
fall value. Well C39-c at aite BR39 ahows a 
water-table response typical of· this type of 
aettlng (fig. 8). The water table in this veU 
ranges ·from 0~4 to 1.2 •·d~ep. During the winter, 
the water table at this site is from approximately 
1.0 to 1.1 • lower than the level of·the frozen 
pond. Spring snowa.elt causes the pond level to 
rise, although, the aag:nitude of the increase is 
not known because the pond gauge is frozen or 
partly frozen during the early part of the thaw. 
The apring ..,lt produced water-table rises of 0.81 
and 0.85 • in 1985 and 1986, respectively, 
bringing the water tab~e up .close _to pond level. -
In 1985, both the water table and pond levels 
peaked on May 14; in 1986, the water table aaxi•um 
lagged behind the pond level peak by three to six 
weeks. Prior to the August 1985 rainfall, both 
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Figure 7.~Uydrograph of well BRh6~4 showing 
water-table response to recharge events 
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Figure 8.--Hydroaraph of well C39-C showing 
water-table response to recha~ge events 

the well and the pond had reached _minimum levels 
on August 7; following the rain a Peak was 
recorded on August 27. The pond level rose 4 cm 
in response to this event, and the water table 
rose by 29 cm, probably reflecting some 
contribution from capillary water above the water 
table. The similarities between pond and 
water-table response in July.1986 are more 
Striking. _After both had declined to a low level 
on June 17, 1986, water l.evels in both·the pond 
and the well rose to maxima on July ·29 in respone 
to t_he Jilly rainfall. The increase in pond lev~l 
of -33 cm in response to ·this rainfall was very -
closely paralleled by a 48 cm rise in the water 
table, the water-table response again greater 
because of the contribution of capillary water to 
reducing the unsaturated porosit_y above_ the water 
table. 

IMPLICATION OF ELEVATED GROUNDWATER LEVELS 
IN RECLAIMED LANDSCAPES 

The elevation of the stable, steady-state 
water table in a reclaimed landscape has several 
important implications for the impact of the mined 
area in the environment. Where the water table is 
in close proximity to the land surface, capillary 
forces can transport salt to the root zone or the 
surface causing progressive salinization of the 
soil. Where the water table in the spoil is above 
the level in adjacent unmined land, water of 
degraded chemical quality can migrate out of the 
spoil to contaminate aquifers or produce saline 
seeps (Trudell and Moran 1984; Trudell et al. in 
press). 

Using the equilibrium water-table elevations 
from the analysis above, it is possible to 
estimate the total acreage of the detailed study 
site at Diplomat Mine that is subject to 
degradation by soil salinization (table 4). As 
shown by Moran et al. (1986), accumulation of salt 
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Table 4.--Steady-state water-table position, area at 
risk to salinization Diplomat Mine detailed 
study area (total area 63.8 ha) 

1986 Equilibrium (predicted) 
Depth to water table 

ha % ha % 

(1.0 ·m 9 14 24.5 28 
!.Oto 2.0 m 11 18 6 .5 10 

Total (2.0 111 20 32 24.5 38 

in the soil zone·occurs ·at Diplomat Mine where the 
depth to the water table is less than or .equal to 
approximately Im. Since both soil salinization 
and water level stabilization are relatively 
long-term phenomena, it is assumed that all of the 
area ·in Diplomat Mine where the water table is 
less than 1 m deep will eventually salinize and, 
consequently, will be lost to agricultural 
production. Based on 1986 water-table conditions, 
the acreage susceptible to salinization (water 
table less than Im deep) is 9 ha or 14% of the 
total area (table 4). Based on the projected 
final water-table position, this acreage will 
eventually double to 18 ha, or 28% of the total 
detailed study area at Diplomat Mine. In addi-
tion, in natural slope settings .close to Diplo11at 
Mine, which represent long-term equilibrium 

~ coitdition, severe soil salinization is found .in 
.Places where the water tabl~ is as much as 1.~ m 
deep. In this potential or border-line zone where 
the water table is between 1 and 2 m deep, the 
area at risk at Diplomat Mine is expected to 
decrease from II ha (18%, 1986) to 6.5 ha (10%) 
under .equi~ibrium. water-table con~itions. 

The total acreage at risk, that is with less 
than 2 m depth to water table, is expected to 
increase from 20 ha (32% of the total) in 1986 to 
24.5 ha (38% of the total) under equilibrium 
conditions. 
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