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ABSTRACT: As part of a larger study on the geochemical behavior and computer simulation of
subsurface seepage from pyrilic failings impoundments, a detailed ficld study of such scepage has
been conducted. At the lield site, the tailings lic over a glaciotluvial sand aquifer. Near ihe southeastern
comer of the tailings, acidic contaminated water {(pli 4) seeps through the basc of the tailings 0t
the sand aquifer and flows lateratly 1o the south as a distinct, roughly cylindrical plume. This plume
contains up to 6000 ppm iron, up to 14 000 ppm sulfate (SGy). and clevated levels of uther
contaminants. The acidic scepage cventually encounlers carbonate minerals in the aguifer, pH is then
ncutralized, and contaminants are altenuated through chemicat precipitation, co-precipitation. and
adsorption over a distance of several metres.

At the edge of the impoundment, the ground-water plume has a cross-sectional arca of about 3
m?, Although the cross-scctional arca suggests the plume is rather unimponiani, the ground-waler
velocity is about 440 mvycar, resulting in a lateral flux of mose than 10° L of contaminani-laden
water each year. The multilevel bundic piezomelers installed to define this small-diamcter plume arc
described and the installation techniques used to minimize disturbance of the plume are also addressed.
Each bundic contains up to twelve individual piczometers wilh a vertical screen spacing of as small
as 0.5 m. Horizontal distance between buadles is as small as 2.5 m.

The high total dissolved solids (TDS) water in the plame presents many problems for lield ar
laboratory geochemical measurements. High partial pressures of carbon dioxide (CO,) in the water
result in rapid degassing and sub pH Buctuation upon sampling. Because of the high degree
of temperature-sensitive aqucous complexing in the water, temperalure variations can alfect pH
measusements. Mixing of air with the water iniliates iron oxidation. To acidify and stabilize a water
sample, 30 mL of concentrated hydrochloric acid (HC) must be added to cach litre of sample.
lowering the pH to about §.5. Laboratory analysis of these samples often requires significant dilution,
and the addition of neutral-pH and alkaline reagents to the sample causes ferric hydroxide precipitation
and subsequent instrumcent clogging. Techniques are described to circumvent many of these prablems
and to collect reliable physical and chemical hydrogeologic data on ihis site.
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In order to define the physical and chemical hydrogeology in and around uranium-tailings
impoundments, the Institute for Groundwater Rescarch at the University of Waterlow initiated ficld
studics in the Elliot Lake uranium district of Ontario. The main licld site was the pyritic Nordic
Main impoundment (Figs. 1 and 2). which lics on a glaciefluvial sand aquifer (Fig. 3). An initia}
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FIG. 1—The Elliot Lake uranium districs, Ontario.

ground-water survey in 1978 indicated acidic, contaminated scepage was entering the aquifer and
flowing southward in the region labeled **Seepage Arca A’ on Fig. 2 [/]. Beginning in 1979,
Area A was instrumented with piezometers and a roughly cylindrical, acidic plume of small
diameter was defined near the impoundment dam. Through an iteralive approach, the seepage arca
was further instrumented and monitored until late 1984. This temporal and spatial monitoring, in
addition to information from other tailings sites, allowed the definition of contaminant migration,
the delincation of processes controlling contaminant concentrations, the formation of a general
cancepiual model of behavior, and the computer situlation of past, present, and future migration
11-7).

Because of the unusual nature of the seepage—for example there are several thousands of ppm
iron at neutral pH—installation and monitoring were carcfully dcfincd and implemented while
emphasis was placed on relatively low-cost materials. Through an iterative approach, the iechniques
were inodilied until good-quality data were obtained.

This paper presents the requirements identified at the site for anstallation and monitoring, the
techniques employed to fulfill the requirciments, and the rationale for the techniques. Also briefly
presended are techniques used for monitoring the tailings.

Piczometer Design and Installation

Because the plume has a cross-sectional arca of about 3 m? ncar the impoundment dam in
Scepage Arca A, a closcly spaced three-dimensional network of piezomceters was required.

el
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FIG. 2—Nordic Main tailings impoundment area. Contours in the tailings indicate depth to warer table in
melers.,

Additionally, short screens and small diameters were desircd in order to obtain depth-specific
samples and minimize standing water in the pipe. Conscquently, muliilevel bundle piezometers
were chosen (Fig. 4) (8]. The bundle piczometers at the ficld site, marked “*M*" on Fig. 5, consist
of up to twelve individual minipiezomelers, terminating at differcnt depths, attached to a polyvinyl
chloride (PVC) centerpipe for support. The limit of tweive is the consequence of the inside
diameter (approximately 8 cm) of the hollow-stem augers discussed befow. Each individual
minipiczometer in a bundle consists of flexible 0.9-cm-inside-diameter polycthylene tubing with a
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FIG. 3—Generalized north-south cross section.
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FIG. 4—Schematic diagrams of bundles, rubber stopper, and chemical flow ceil.

10-cm-long, 0.9-cm-inside-diameier polyethylene screen at the base. The screen was made by
plugging the end of the tube and drilling holes through the polycthylenc tube. The perforated tube
wis then wrapped in syathetic screen material; initial screen wrap was probably nylon while later
wrap was palycthyienc. The base of the PVC centerpipe was similarly plugged. drilled, and
wrapped. The screens, tubing, and PVC pipe were brought to the ficld site unassembled.

The glaciofluvial sand in Scepage Arca A is cohesionless below the water table, at a depth of
about | to 3 m. As a result, retrieval of a relatively undisturbed samiple was cxtremely difficult
(See later section on solid sampling). In order to provide a stable opening for the installation of
piczomelers, cither casing or hollow-stem augers were required. Becausc the sand was capable of
Nlowing upward into cither of these altematives and nearly filting them within scveral seconds, a
botiom plug was required. The faster method of hollow-stem augers was chosen and a laboratory-
grade rubber stopper plugged the bottom of the augers. A long narrow metal plate was atlached
across the face of the stopper and held in place with a stainless-steel bolt through the center of
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FIG. 5—Location of bundle piezometers in Seepuge Area A.
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the stopper (Fig. 4) in order to prevent it from moving up into the augers during drilling. Rotation
of the avgers was minimized so that minimal disturbance of the sand occurred. During augering,
the depth of cach minipiezometer was decided with vertical spacings ranging from 0.5 to 3 m,
the materials assembled, and the tubing auached to the PVC centerpipe with nylon-reinforced
tapc. When the desired total depth of the centerpipe was reached, the bundle was inserted into the
cenicr of the avger string. As the string was pulled upwards by a cable and winch, the bundlc was
repeatedly slammed down onto the stopper until the stopper popped out. The augers were then
pulled up around the bundle and the sand guickly and tightly collapsed around the piczometers.
Na sand-gravel packs and seals were required. Because no forcign fluids were used for augering,
typical well development was not necessary.

A PVC well of about 4 cm diameter and 6 m length was installed at WWt (Fig. 5). The lower
3 m of well was screened with a slot size of about d|, of the sand. Instailation technigues were
those used for the bundle piezometers.

Collection of Physical Hydrogeologic Data

Bundle piczometer installations were allowed to stabilize for at lcast onc week prior to data
collection. Because the sand collapsed tightly around the bundles, no open hydraulic connections
were likely created along piczometer pipes between various fevels in the aquifer. This conclusion
is supported by water chemistry (below) which shows differences in certain locations over a
vertical distance of 0.5 m. Physical, as well as chemical, data are compiled in Refs 2 and 5.

Waler levels were measurcd with a narrow coaxial cable attached to a meter, buzzer, or light.
Waler levels indicated that flow in the sand was essentially horizontal toward the south with a
westward component of flow as water flowed around the bedrack outcrop (Fig. 5). This information
was cssential for determining the position of flow lines (line C-C' on Fig. 5) along which chemical
changes and contaminant migration could be followed. Finite-clement simulation and sensitivity
study of flow along the vertical cross section of C-C' were performed [5].

Hydraulic conductivity of the sand was measured by several techniques. A pump test was
performed 1.5 km (o the west of Scepage Area A, yielding K = 1.4 10 2.2 x 10" * m/s; recovery
of an abservation well yielded 1.2 X 10-* mvs, and permecameter tests on disturbed samples from
Arca A yielded 2.1 X 10-* nvs for the upper portion of the sand where the plume is located (/].
In order to oblain an uadisturbed conductivity, a borchole dilution test was performed to obtain
an undisturbed velocity from which conductivity was calculated using measured gradients and
porosities.

The borchole dilution apparatus (Fig. 6) employed a double packer asscmbly which was uscd
to isvolatc a 0.3-m section of piezomeier WW1. The circulation tubing was of small diameter and
short length to minimize the volume in the circuit. The intended injection solution was distilled
waltcer, but it was believed this would not provide a sufficient electrical conductivity contrast, As
a result, a concentrated sodium chioride (NaCl} solution was injected. The results of the test |5]
indicated a velocity of 1.4 X 10-% m/s (440 m/ycar) which led 1o a hydraulic conductivity of 1.0
10 nvs in excellent agreement with other values. The velocity measurement indicated that,
although the plume cross section is onty about 3 m?, the plume represents a volume flow of more
than 10° 1. of water each ycar.

Grain-size analyses of the sand were also uscd to calculate hydraulic conduclivitics by the
method of Masch and Denny |9], which includes dy, d\.. dy,. and ds, in the calculation. The mean
of four analyses was 1.2 x 10°4 mvs,

Collection of Chemical Hydrogeologic Data

There appears to be no artificial vertical hydraulic connection created in the aguifer by piezometer
installation based on observed sand collapse and sharp changes in chemical concentrations between
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FIG. 6—Borehole dilition equipment.

vertically adjacent screens. Measured chemical parameters and observed ranges of concentrations
in Scepage Area A are listed in Table 1. Detailed data are compiled in Refs. 2 and 5.

The general approach for collecting data followed the recommendations of Environment Canada
[ /0]. Environment Canada recommendations are partially based on those of the U.S. Environmental
Protection Agency.

Because the water levels in piczometers located in Scepage Arca A are within 3 m of the
surface, water was pumped directly from the piezometers by simply attaching a pump to the 1op
of the pipe. In this way, the piezometers also represented dedicated sampling tubing, thereby
minimizing cross-cortamination of samples.

Contamination of water samples by the pump mechanism and atmosphere was minimized by
the usc of a peristaltic pump. The pump was connccled to piczometer tops through silicone tubing
and polyethylene connectors. In most cases, an airtight scal was obtained at the piczomewr top
and the ground water thus remained isolated from the atmosphere as it passed through the
piezometer screen, lubing, and pump.

Duration of pumping and pumping rate from any one piezometer in a bundle was minimized so
that (1) degassing by vacuum of the high CO, levels was minimized and (2) water was nol drawn
from a higher or lower level in the aquifer; otherwise the sample would not be representative of
conditions at the pumped piczometer. In past years, this cffect was noted during pH measurements
after 10 to 15 min at a pumping rate of about 0.5 L/min. The lowering of the water table around
a bundle has also been noted when shallow piezometers are pumped (Davé and Lim, personal
communication). As a generat rule, no piczometer in Area A was pumped for more than 10 min
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TABLE |—Parameters and concentration ranges measured in Seepage Area A (Concentration in ppm
unless noted).

Parameter Concenlrations Parameter Coacentrations

Field pH 3.26—6.81 pH units Cl 170—5.5

Lab pH 2.4—6.9 pH unils F 33—<0.

Field Eh +114—+ 444 mV NO, 18—<0.4

Field temperalure 10.5*1.5°C NH, 55.9—0.33 (as N)
PO, <0.04

Field conductivity 11500—380 pS/cm v <l

Fe 5930—38 Se <1

Ca 860—40

Mg 7062—12 poc 8.0—22(as O)

Na 152—1.2 Ra-223 83—6 pCivl

Mn 56—0.91 Ra-226 213—1 pCi/l.

Al 206—<0.02 Pb-210 110—0.1 pCi/L

Cu 0.44—<0.001 Th-227 6006 pCi/L

Co 5.9—0.01 Th-228 9.7—<0.5 pCiL

Zn 0.50—0.004 Th-230 483—<0.5 pCill

Pb 0.9—<0.003 Th-232 F1—<0.5 pCi/L.

Ni 6.0—0.015 Total Th 96—11 pg/l

Cr 0.14—<0.01 Ac-2127 319—16 pCirlL

Cd <0.005 U-234 204.5—14.9 pCi/L
U-238 166.5—3.8 pCi/L

As 0.011—<0.001 U-234/U-238 1.2—3.4

50, 14420—111 .

Ficld alkalinity 290—1 (as HCO,) Total U 8500—0.4 pg/L

DIC 86.4—21.6 (as C) 0-18 -11.9 10 —10.2 0/00 SMOW

Si0, 77.0—<1 RH-2 -84 10 —69 0/00 SMOW
Cc-13 -20.8 1o ~19.2 0/00 PDB

at 0.5 L/min, resulting in the removal of 5 to 40 piezometer volumes, depending on the depth of
the screen. Because pH values occasionally required more than 5 min to stabilize during pumping,
the ficld study was broken into two indcpendent tasks: collection of pH and other data, and
collection of water sampies.

Ficld pH was measured by continuously directing pumped water into a covered 150-mL container
*llow cell™) containing a combination pH elcctrode which was inscrted through a hele in the
cover (Fig. 4). Water passed from the flow ccH by flowing through an opening or exit tube in the
cover. In this way, water in the flow cell was constantly being replaced and refreshed, and CQ,
degassing and atmospheric disturbances of pH measurements were minimized. The flow cell was
kept in a water bath, consisting of the waler that continuously fowed from the cell, to minimize
clteets of emperature fluctvation on pH measurement. Temperature fluctuations were usually less
than 3°C.

‘The pH probe and meter were calibrated in nominal pH 7 and pH 4 buffers, which were replaced
at least once every 24 h and were kept in the water bath. Buffers al ground-water temperatures
minimize cmperature-equilibration time of electrodes. At ground-waler temperatures. the pH 7
buffer was about 7.06 and that of the pH 4 buffer about 4.00. For the first day of measurements
in cach ficld season, the pH meter was calibrated with buffers about once an hour. After the
stability of the equipment was cstablished, calibration checks were made about once every 2 to 5
h. Calibration checks often did not deviate by more than 0.04 pH units from the buffer value. In
one cxtreme case, the pH 7.06 buffer read 7.18 afler five pH measurements and 30 min time; the
meter was readjusted to 7.06 and the pH 4.00 buffer then read 4.00. This indicated the preceeding
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five ground-water pH values could probably be adjusted by a constant valuc ( —0.12 pH units in
this case) rather than a pH-dependent value ¢see Ref /1 for further discussion of pH meter behavior)
although it was not clear when the shift of 0.12 units occurred over the 30 min. For all pH
measurcments, water was pumped at a rate of about 0.5 L/min through the flow cell until a drift
of less than 0.02 pH wnits/min was noted and the value was then recorded as fichd pH. Approximatcly
5 min of pumping was often required before the pH stabilized. The pH probe and cell were rinsed
with distilled watcr between cach measurement.

Eh was measured with a combination platinum clectrode having a 1.3-cm? platinam button. The
clectrode was standardized with Zobell’s solution and inserted into the low cell with the pH
elcctrode. The reliability of the resulting Eh measurements was evaluated following the sugpestions
in Ref /2.

Electrical conductivity of the water was measurcd by taking a sample of about 100 ml in a
small container afier pH and Eh had been recorded. Becausce the celi constant of the conductivity
cell varied through the ficld study, the cell constant was measured at cach bundle with polassium
chtoride (KCl) standards. Conductivity was later corrected to 25°C and recorded as [TRINTIN
However, because conductivity measurements are insensitive to ncutral-charge agueous complexes
and because up to half of the aqueous ions in the plume water exist as neutral complexes, electrical
conductivity was not considered a reliable quantitative parameter in this study.

The second phase of the fictd study, which began after alt pH, Eh, and conductivity measurements
had been taken. involved water sampting and ficld alkalinity titrations. Fifty to 100 piczometers
were selecled cach year for water sampling and subsequent laboratory analysis. Water was pumped
via a peristaltic pump through a 142-mm disk filter assembly, similar to that described in Ref i3,
containing 0.45-wm nitrocellulosic filter paper. New filter paper was used for cach sample. and
adsorption of metals onto the filter following initial Nushing was considered negligible whea
compared with concentrations (Table 1). After pumping the piczometer for a few minutes and
after Alushing the system with about I L of ground waler to wet and stabilize the lilter and 1o rinse
the sample container, the filtered water was dirccted into a 4-L polycthylene container. After
callection the sample was acidified with 30 mL concentrated HCVL of sample, lowering the pH
of the sample to about 1.5. This relatively large volume of acid was requircd to stabilize the high
concentrations and to overcome SO,-HSO, pH buffering around pH 2. This volume also hightights
the weakness of procedures which specify a volume of acid/L sample (for example, 2 mL | 10)).
HCl was chosen over the other acids because {1} its strength minimized acid addition, (2) other
acids would cause supersaturation and mineral precipitation by anmion addition, and (3) HCI
minimized artificial redox reactions in the sample. A scparate, unacidificd 100-ml. sample was
collected for chloride analysis only, because chloride is not significantly adsorbed by many
precipitated minerals above pH 2. The filter assembly was rinsed with distifled water and a new
filter was installed before the next sample was taken.

While the water was fitling a sample container, a smaller container was rinscé with distilled
waler, rinsed with filtered ground water, and then filled with about 50 mL of ground water. This
walcr was titrated for alkalinity using standardized HC1. Hydrochloric acid was again used for
the same aforementioncd reasons. Although alkalinity is not wholly attributed 10 HCO, . measured
dissolved inorganic carbon (DIC) in Arca A waters compared well with calculated DIC by assuming
the concentration of HCO, - was cqual to alkalinity [5). Samples for DIC analysis were collecred
dircctly from pump tubing in glass syringes. The tips of the syringes were sealed immediately and
retuned to the laboratory for analysis. Reagents were added dircetly to the syringes and the
resulting gas was directly injected into gas-chromatography cquipment. In this way, atmospheric
conlamination was minimized.

In 1984, five of the 50 sampled piczometers were sclected for replicate sampling. Because over
10 L of ground water had to be pumped from each of these five piczometers, waler quality was
expected to change during sampling as water moved from a higher or lower clevation in the aguifer
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into the screen. This problem had two major implications. First, because representative water may
not be obtained and the plume could be disturbed, only nonstrategic piczometers were chosen.
Second. because water quality coutd change during pumping, once large sample had to be taken
and homogenized before splitting into replicates; otherwise comparison of **replicate’ analysis
could be invalid. Therefore, the following technique was used for cach of the five piczometers.
A I5-1. plastic bucket was rinsed with distilied water, rinsed with diluted HCl (pH 1), rinsed with
distilled watcer, shaken dry, and covered with a sheet of thick styrofoam. Tygon tubing carried
water from the filter assembly into the bucket through a hole in the styrofoam. As the water was
filling the bucket. the bucket was occasionally agitated to assist in mixing of water, and concentrated
HCl was added (30 mL HCI/1 L water). When the bucket was filked, it was gently agitated; then
the water was poured info seven 4-L polyethylene collapsible containers approximately 1 L at a
time. ‘The containers were marked with various piczometer numbcers so that all appeared as an
integral part of the sampling program from different locations. Sample distribution for the scven
containers was: three to the main analytical taboratory and two cach to two other laboratories.
Table 2 contains the letter requesting analysis to cach of the laboratorics, following the
recommendations in Ref /4.

As a general indicator of variation in water quality during pumping of the large t5-L sample,
twu alkalinity titrations were made during pumping—at the beginning and the end. For the thrce
samples with pH > 5 (alkalinity > 30 ppm HCO,), variation in alkalinity was fess than 10% or
within analytical accuracy; for the two samples with pH < 5 (alkalinity < 30 ppm HCO,),
variation was between 20 and 25%, which is considered the general limit of accuracy at low
concentrations. This indicates that there was probably ne major variation in water quality during
pumping. Nevertheless, the 15-L sample was homogenized before partitioning. Results of this
data guatity study are given in Ref 2.

Most samples were delivered to the laboratory within 48 h of sampling and were stored at
ambicnt tcmperature in the laboratory.

TABLE 2—Letter requesting analvses.

The accompanying large bottles contain water samples acidified with HCI 10 a pH of about I.5.
Pleasc analyze for the following. The samples in the small boltles are unaciditicdt and are for Cl
analysis only. |The numbers in brackets arc approximate concentrations in ppm. )

Ca,Mg,K.Na [400,20,80,200]
Fe,Ma,Co.Cu,Zn,Ni,Pb  |3000,20,2,0.04,0.1,1,0.2)
$i0, [20]

50, [9000]

Cl [10]

NH, [20]

NO, (2}

Taotal uranium  [0.003 o 1]

Total thorium (X-ray method preferably) [0.04]
Radium-226 {3 10 150 pCi/L]

Please enclose with the results of analyses a brief description of the method used to analyze each
species {one or two senlences only), the frequency of calibration for cach method, and the precision
for each method.

Send results and details on methods to:

Kevin Morin
Morwijk Enterprises
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Laboratory Analysis, Data Quality, and Speciation

Chemical analysis of Seepage Area A waters was found to be difficult, High concentrations of
iron and sulfate and elevated levels of other metats produced interferences. Analysis of anions by
column-cxchange methods was problematic, because ditution through the addition of pH-ncutral
rcagents initiated iron precipitation, which subsequently coated the resin. Thus, iron had to be
removed before analysis. Because of the high levels of sulfate, suifate was often analyzed by
gravimetric mecthods, probably accounting for the relatively high observed analytical crror.

The reliability of overall analysis was cvaluated through cation-anion balances:

Emor = [(CAT — AN)/O.S(CAT + AN)] x 100%

where CAT is the sum of cations in equivalents per litre and AN the sum of anions in equivalents
per litre.

Mecan errors for 1980, 1982, and 1984 were +7.98%, +1.10%, and +6.18%, respectively.
However, because ison and sulfale are dominant in concentrations, the error is sensitive only to
the reliability of their analysis. In order to assess the accuracy and precision of all aqueous
constitucnts, the 1984 study included replicate sampling described in the previous section |2},

Water analyses indicated that significant geochemical processes were operating as the plume
water flowed southward from the tailings impoundment. Most contaminant concentrations decreased
and pH increased ajong the flowpath defined by water level data (sce earlicr section on collection
of hydrogeologic data). Because chemical precipitation-dissolution, including pH-ncutralizing
carbonate-mineral dissolution, was the likely cause of change, water analyses were speciated | £5).
The speciation program, WATEQ2 [/6}, was used for this study and saturation indices calculated
by WATEQ?2 indicated which minerals werc likely involved in precipitation-dissolution.

Solid Sampling

Because saturation indices indicated that mincral precipitation-dissolution was probably occurring,
undisturbed-unoxidized solid samples were required for analysis. Because mass balance calcutations
indicated that most reactive minerals would be at concentrations of less than | weight %, detection
limits of most current methods did not allow identification of reactive anincrals |17).

[nitial disturbed sand samples for grain-size analysis and thin-section examination were obtained
from auger Rights. Iron-staining on these samples indicated aqucous iron had oxidized and
precipitated, thercby creating acidity which could dissolve up 1o 0.2 weight % of the calcite
identified in thin-section examination and through the method of Barker and Chatten |/&}. Also,
iron oxidation suggested that the minor amount of siderite expected to occur probably oxidized to
ferric hydroxide [/7]. Thereforc, attempts were made to obtain an undisturbed sample and maintain
its isolation from the atmosphere.

Standard split-spoon sampling failed because the cohesionless sand would flow upward into the
hollow-stem augers whenever the ceaterpole was pulled. A split-spoon sample could not be taken
from inside the augers because the sampler could jam within the augers. A variation on the
standard method, employing the rubber stopper described earlicr, failed because sand Nowed into
the augers upon popping the stopper and, on the first and only attempt, nearly jammed the sampler
below the base of the augers.

Other methods were tried. A steel plug with a swing gate was placed on the base of the augers,
According to theory, as augering proceeded, the gate remained closed and no sand entered the
augers. When desired depth was reached, a sampler was lowered from the surface which completely
covered the gate aperture. The auger string was then tumcd slightly in the reverse direction,
causing the gate to opca. and sand theorctically flowed into the sampler. This method failed
because the coarse matrix sheared the gate off during augering. Driving of long (6 m) thin-wailed
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aluminum pipe with various sample catchers at the base failed because the cohesionless sand
would low past the sample catchers. )

In despair, this driving of long pipe was continucd without sample catchcr.s until some of the
cored sand jammed inside the pipe on one occasion. This core was sealed llghlly.lrclumcd for
analysis, and opened in a nitrogen-filed glove box. Because most rclcyaml analytical mclh(-uls
required long periods of time for preparation or special preparation techniques, thereby allowing
sample oxidation, rapid X-ray dilfraction scans of the sand were made 15.17]. Results were

imconclusive because of low concentrations.

Tailings [nstallations

Installation and monitoring techniques employed in the tailings were similar to lllwsc. for the
sand aquifer (4,79). However, because of the low hydraulic conductivity, smn.]l grain size, and
decp water table at some locations, the piczometers were standard open standpipes made of 32
cm-inside-diameter PVC tather than multi-level bundles. Screens werc of a nonstandard design:
perforaicd PVC wrapped with Vyon (registered tradename of Povair Lid., United Kingdom.. .alsn
known as Sinterpore), which is made of polyethylenc, has a 50-pm pore size to prevent ta\nlmgs
from entering the piezometer, and has a relatively high conductivity 1o allow rapid water |nl}ux
and singlc-well response tests. The base of the screen was tapered (Fig. 7) to allow percussion
driving of the piczometers into the tailings. .

Water sampling from the piczometers involved small-diameter polyethylenc tubing and a
peristaltic pump [/9). Where the water table was less than 7 m deep, a steady low. volume of
water was pumped into the flow cell (see carlier scction on collection of hydrogeologic data) and
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sample container. Where the water 1able was deeper, the polycthylene tubing was used as a bailer
by turning the pump on high speed, lowering the tubing to the base of the piczometer, allowing
the water to rise as high as possible in the tubing, then pulling the tubing to the surface. This
method minimized conatact with the atmosphere. Downhole syringe sampling was also used, but
offercd no significant advantage [/9]. As with solid sampling in Scepage Arca A, lailings were
sampled with long, thin-walled aluminum pipe which was driven into the peat layer bencath the
tailings, thereby plugging the pipe and allowing sample recovery.

Summary

The presence of a cylindrical ground-water plume of small diameter in acidic tailings scepage
required a detailed monitoring network consisting of multilevel bundles composed of up to twelve
minipiezomelers in cach bundle. Vertical spacing betwecen adjacent screens in a bundic was as
small as 0.5 m and horizontal spacing between bundles was as small as 2.5 m. Installation
techniques were designed to minimize the physical and chemicat disturbance of sand and plume.

The plume water is sensitive to many conditions, such as temperature variation, mixing with
the atmosphere, and degassing of CO,. Techniques te minimize these problems during data
coflection were discussed. Because of the large amount of pH buffering in the water, an unusually
targe amount of acid was added to samples for proper stabilization. Laboratory analysis of waler
was difficult because of the addition of pH-neutral reagents, which initiated chemical precipitation,
which in tum plugged equipment. Also, less-accurate analytical mcthads were sometimes substituted
to avoid machine probiems.

Collection of undisturbed sand samples was difficult. The driving of long, thin-walled aluminum
pipc eventually provided a sample.

Techniques for and problems with the tailings were similar. Piczometer screens included a Vyon
cover to prevent tailings from entering the piezomeier,
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