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ABSTRACT

Spoil and coal samples were collected at the Fording Coal Limited minesite
near Elkford, British Columbia. The samples were énalysed for their physical
(particle size distribution) and chemical (carbon, NO3-N, NOy-N, and
NH4-N) characteristics. The high proportion of coarse material (>= 2mm in
size) suggests spoil piles to be highly permeable. The high inorganic nitrogen,
(N02+NO3+NH4)-N, content of the spoil was attributed to explosives used
at the minesite to blast overburden. Nitrogen losses from loading wet holes with
slurry explosives and 'Other Sources' (e.g., nitrogen oxides, spillage etc.)
collectively, were recognized to be the major contributors to spoil nitrogen.

Waste coal was a minor source of nitrogen.

Leaching of inorganic nitrogen due to explosives was modelled, based on
spoil nitrogen content and water flow characteristics of the spoil. The flow rates
through spoil piles were determined from measurements of streamflow rates and
area of watershed above the point of discharge measurement. High flow condi-
tions were conducive to high nitrogen leaching rates. The impact of spoil
nitrogen, due to explosives, on the Fording River water quality was predicted to
be short lived, following the cessation of mining. Recommendations are made to

reduce the impact of explosives nitrogen on water quality.
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INTRODUCTION

Large quantities of nitrogen-based explosives are used in surface mining.
For instance, Urso (1980) estimated that an average blast at the Fording Coal
operations in the East Kootenays involved about 362 900 kg of explosives to break
420 500 bm® (bank cubic metres) of overburden material. Most of the nitrogen
in explosives is believed to be lost to the atmosphere in gaseous form following
the blast (SME Handbook, 1973). Although small in quantity, the residual nitro-
gen in the spoil is subject to leaching and may pollute surface and ground water
(Rudd, 1978).

An increase in ammonium (NH4-N), nitrite (NOZ-N), and nitrate (NO3-N)
nitrogen was observed in the Fording River, and was believed to be a result of
explosives used at the Fording Coal Ltd. surface coal mine. Maximum NOj3-N
and NH4-N concentrations of 10.8 and 0.12 mg/L respectively, were recorded
in the river at the minesite during low flows, as opposed to the concentrations of
0.05 and 0.01 mg/L upstream from the minesite (Kootenay Air and Water Quality
Study, Phase II, 1978). Elevated nitrate concentrations in coal mine spoil drain-
age i{rom the use of ammonium nitrate exp'losives were also observed elsewhere
(Hackbarth, 1979; and Van Voast, 1974).

Surface mining activities are on the increase throughout the province of
British Columbia. A study was therefore initiated to determine the impact of
explosives-associated nitrogen on water quality. The Fording Coal Ltd. surface
coal minesite was chosen for the study because of observed high nitrogen con-
centratior in the Fording River (Kootenay Air and Water Quality Study, Phase 11,
1978). Several aspects of the impact of explosives were investigated. These
included identification and quantification of various sources of nitrogen at the
minesite, and their effect on water quality and algal productivity; and prediction
and mitigation of impacts. The results of these investigations will be discussed in
two separate reports:

Volume 1: Nitrogen Sources, Water Quality, and Prediction and Management

of Impacts by L.W. Pommen (1982).
Volume 2: Effects on Algal growth by R.N. Nordin (1982).
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The objectives of this portion of the study were to determine (i) nitroger
content of the coal and spoil at the Fording Coal Ltd. minesite, and (ii) leaching
characteristics of spoil nitrogen in response to precipitation under laboratory
conditions. Attempts were also made to model in situ leaching of spoil nitrogen,
based on spoil characteristics and the hydrology of the area. Several advantages
of this approach were recognized; (i) the parameters used in the model are easily
measurable in the laboratory (i.e. spoil nitrogen content), (ii) streamflow data
are often available from the Water Survey of Canada, and (iii) the model can be
applied to other mine sites.

STUDY AREA

The Fording Coal Ltd. (FCL) mining operation is located in southeastern
British Columbia, approximately 29 km north of Elkford, at the headwaters of the
Fording River. The actual mining area is situated on both sides of the river
valley at elevations ranging from 1700 to 2200 metres. Currently, all coal is

produced by surface mining. A plan view of the minesite is shown in Figure 1.

Nitrogen-based explosives (ammonium nitrate, sodium nitrate, caleium
nitrate) are used at the minesite to blast the overburden, which consists pre-
dominantly of siltstones, sandstones, mudstones, and shales. An ammonium
nitrate-fuel oil mixture (AN/FO) is used at drier sites, whereas water-resistant
slurry explosives are used in water-bearing rock formations. Urso (1980) esti-
mated that an average blast would involve the use of 362 900 kg of explosives to
break 420 500 bm3, at a powder factor of ahout 0.86 kg/bm3. Also, the
overall average raw coal stripping ratio (om3 of overburden/bm3 of raw coal)
during the mining operation was estimated to be 5.52:1. The actual powder
factor and stripping ratio at the time of sampling was determined by the FCL
personnel to be 0.8 and and 5.7:1 respectively. The nitrogen content of explo-
sives used ranged from 0.14 to 0.25, with an average value of 0.2 kg N/bm3.

The mean annual precipitation at the minesite, based on ten years of data, is
713.5 mm. Nearly one half of this precipitation falls as snow during the winter
months. The mean monthly temperature ranges from -11.5°C in January to over

20°C in August. A summary of the climate data is shown in Figure 2.
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The mining area is drained by a number of creeks, which are tributaries of
the Fording River. The Water Survey of Canada has established a gauging
station (08NKO021) below Clode Creek to monitor river flow. The station receives

flow from both disturbed (mined) and undisturbed areas of the watershed. The

monthly averages of the streamflow below Clode Creek are indicated in Table 5.

MATERIALS AND METHODS

Spoil Sampling and Analysis

The explosives-based nitrogen that is not lost to the atmosphere at the time
of blasting, or to groundwater by dissolution, must become a part of the spoil.
Spoil samples were collected to determine their nitrogen content due to explosives

used at the minesite.

Thirteen surface spoil samples (0 to 15 cm deep) were collected at random
locations at the minesite (Figure 1). Most of the samples were gathered from side
slopes of spoil piles, where they were loose, undisturbed, and easily accessible
from the haul roads. One of the samples (#12) was obtained from a recently
exposed pit floor. The samples were stored in plastic bags and shipped to the

laboratory for analysis.

The spoil was analysed for particle size distribution by dry sieving and the
hydrometer method (Day, 1965), total carbon by dry combustion (Allison et al.,
1965), total and ammonium nitrogen by the Kjeldahl method using an auto
analyser (Bremner, 1965a, b), and nitrate nitrogen by the colorimetric method
(Bremner, 1965b). Chemical and hydrometer analyses were carried out on the

less than 2 mm size fraction.

The readily soluble inorganic nitrogen in the spoil, (NH4 + NOg +
NOg)-N, was also determined by a dissolution method using bulk samples. The
method involved saturating a known amount of spoii with water for a period of 24
hours. The sample was contained in a column constructed from PVC pipe 30 cm

long and 20 cm in diameter. At the end of the soaking period, the water was
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allowed to drain through perforated acrylic tubing (or drain pipe) fitted at tb

bottom of the column. The leachate was collected and its volume and inorganic
nitrogen content were measured (McQuaker, 1976). The water used in the
dissolution column was also analysed for nitrogen content and a correction was
applied to the leachate concentration. The process was repeated several times,
to extract all of the soluble nitrogen. The cumulative volume and nitrogen
concentration (corrected) of the leachate were plotted on a linear scale to calcu-

late spoil inorganic nitrogen content.

Cosl Sampling and Analysis

During field investigations, Pommen (1982) found that an artesian well,
located upstream from the minesite, had a much higher inorganic nitrogeh con-
centration (about 4.0 mg/L of mostly NH4-N) than upstream Fording River
water. The source of this nitrogen was bhelieved to be the coal seams intersected
by the well which may release nitrogen to groundwater. Also, a certain amount
of waste coal is mixed with the spoil, which may contribute to spoil nitrogen
content.  Coal samples were thus collected and analysed to determine their
nitrogen content.

Coal samples, that were not contaminated with explosives, were obtained from
diamond drill core samples with the help of Fording Coal Ltd. personnel. These
samples were analysed for inorganic nitrogen released in an oxygen deficient
atmosphere for two reasons; (i) anaerobic conditions are most likely predominant
in water-bearing coal seams, and (ii) mineralization of nitrogen in high C/N
materials is much greater under anaerobic conditions than under aerobic condi-
tions (Cameron and Posner, 1979). The oxygen deficient condition, therefore,
allowed study of the most pronounced case of nitrogen release. The core samples
were ground to pass through a 2 mm sieve, and 125 g of each sample was added
to a 250 ml plastic bottle half full of water. The mixture was shaken vigorously
to eliminate any trapped air, topped with water, and capped tightly. The amount
of water added to the sample was noted (the ratio of water to coal, by weight,
ranged from about 1.4:1 to 1.5:1). The coal-water mixture was kept at room
temperature (»~25°C) and shaken occasionally. Six bottles were

prepared for each coal sample. At the end of each of one, two, three, four, six
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and eight weeks of reaction time, water was decanted off the top of one of the
oal samples and analysed for (NOg + N02)—N and NH4-N (McQusker,
1976). The amount of nitrogen released from each sample was computed on the
basis of the nitrogen concentration in the decanted water and total volume of

water in the mixture. The results were corrected for initial nitrogen concentra-

tion in water.

Spoil Nitrogen Leaching Characteristics

Four spoil samples, (#3, 5, 9 and 13) were used to study nitrogen leaching
as a function of precipitation rate. These samples were chosen because of their
relatively high nitrogen content. Leaching columns were prepared from 10 cm
diameter buchner funnels with perforated bottoms. The spoil samples were placed
in the columns to heights of about 15 em. To prevent washout of the finer frac-
tion, the perforated bottom of the funnel was lined with a fine-mesh nylon cloth.
A rainfall simulator was used to control the precipitation rate at the spoil surface
during leaching. The rainfall simulator consisted of an open top acrylic box,
with the bottom plate fitted with a number of syringe needles. The needles were
arranged to obtain uniform rainfall distribution at the spoil surface. The
precipitation/flow rate was a function of the needle size and water level in the
box, which was held constant with a mariotte device during leaching. The
leachate at the outflow was collected at certain intervals of time and analysed for
inorganic nitrogen content (McQuaker, 1976). A minimum of 80 ml of leachate was
collected at each interval. The components of the leaching experiment are shown

in Figure 3.

During leaching, inorganic nitrogen present in the spoil, Ni+1 (mg/100 g)
was determined by

N =N - (—C) x 100
(i+1) i W

where N; (mg/100 g) is the amount of nitrogen present in the spoil at the begin-

ning of the leaching interval i, V (L) and C (mg/L) are the volume and concen-
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tration of the leachate collected in the given interval, and W (g) is the ove,
dry weight of the spoil. 1t is, however, difficult to determine N; during the
process of leaching. The knowledge of initial spoi] nitrogen content (N, at
I=o) is, therefore, necessary., The N, for each leaching run wasg determined at
the end of the éxperiment by calculating areg under the curve of plots between

cumulative flow gngq the leachate nitrogen concentration. Fop each flow rate
condition, the rate of nitrogen loss,

VC
100 (T_W)
(mg/100 g-h) in any leaching interval of 't hours duration, ang the spoil nitro-
€en content at the beginning of the interval was plotted as shown in Figures 4

through 7, These data were then used to draw g relationship between the nitro-

The family of ceurves shown in Figure 8 wag used to prediet N leaching from
spoil in the field. To achieve this objective, the inorganic nitrogen content and
water flow conditions of the spoil pile must be known. The determination of spoil
nitrogen content has heen explained above, The avei‘age monthly flow rate, gq
(em/d), through the Spoil was computed from the Water Survey of Canada datg
and is given by

Where Q (m3/s) is the mean monthly discharge, and A (km?2) ig the water-
shed area gbove the point of discharge Measurement. The factor 8,64 converts
flow rate q into units of cm/d,



RESULTS AND DISCUSSION

Physical Characteristics

The results of particle size analyses of the spoil are shown in Table 1. In
general, the spoil was coarse and angular in nature. The coarse fraction (>=2 mm
diameter in size) constituted a large portion of the spoil samples and ranged from
about 48 to 79%.

It should be noted that the actual proportion of the coarse fraction was
higher than shown in Table 1, because spoil samples were collected mostly near
the top of the spoil pile, and did not include larger cobble/boulder size frag-
ments, which tend to accumulate at the base of the pile during dumping. Also,

some large rocks found at the sampling sites were not sampled.

The coarse and angular nature of the spoil suggests low water retention,
abundance of large pores, and high water permeability. No attempt was made to
measure these properties in the laboratory. It should be recognized that the
water flow characteristics of the spoil piles may differ from those inferred from
the unconsolidated spoil samples. The compaction caused by the vehicular traffic
during the formation of a spoil pile and crusting of the finer fraction (Pedersen
et al., 1980) may cause reduction in infiltration and surface ponding. Such
situations are also conducive to non-uniform infiltration and surface runoff, the
effects of which will be discussed in a later section. Occasional ponding of free
water at the surface of a spoil pile was observed during sampling at the mine-
site. No attempt was made to quantify surface ponding, because access to spoil

piles was restricted.

Chemical Characteristics

A. Diamond Drillhole Coal Samples.

The quantity of nitrogen released (mineralized) from the coal samples is

shown in Table 2. The results show that the total inorganic nitrogen released
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varied with the sample. The maximum amount was determined to be 0.29 mg/100 ¢
for the DDH-1659-1 sample after a 3-week reaction time, with an overall average
value of about 0.10 mg/100 g. The data also show that most of the inorganic
nitrogen released was in the form of NH4-N. This behaviour was expected

because the coal-water mixture was kept saturated and devoid of free oxygen at
all times during the experiment.

In most cases, the maximum amount of nitrogen was released within the first
3 weeks, beyond which nitrogen mineralization decreased with time (Table 2).
These trends are similar to those found by Stanford and Smith (1972), who
observed that mineralization rates of nitrogen tended to decrease with time in
soils with low N mineralizaﬁon rates. Reeder and Berg (1977), however,
reported that N mineralization in fresh spoil increased with time. It must be
emphasized that these studies (Reeder and Berg, 1977; Stanford and Smith,
1972) were conducted under aerobic conditions, and a direct comparison with the
results in Table 2 would be questionable.

B. Spoil Samples.

Table 3 shows the results of the chemical analyses for the spoil samples.
Both the soil and dissolution analyses indicate that NH4-N and NO3'N con-
tents of the spoil samples were highly variable. The average total inorganic
nitrogen content of the spoil samples determined with the dissolution technique
was about 21.6% higher than that found using the soil analysis technique. It
should be noted that in the soil analysis technique (a) NO9-N content was
assumed to be insignificant, (b) spoil particles larger than 4.76 mm were
excluded from the analyses, and (c¢) spoil samples were air dried before chemical
analyses were performed. On the other hand, unmodified bulk samples were used
to extract soluble inorganic nitrogen content in dissolution analyses. However, a
statistical analysis ('t' test for paired plots) indicated that the observed differ-
ence between the two means was not significant. The spoil N content in the
following discussion is, therefore, an average value based on the two techniques

of measurement.



In the spoil, unlike the diamond drill coal samples, NOg-N constitutes &
larger proportion of the inorganic nitrogen content (Table 3). The results in
Tables 2 and 3 show that the amount of total inorganic nitrogen recovered from
spoil (~0.6 mg/100g) was about six times as large as that released
from coal samples (= 0.1 mg/100g). The higher nitrogen content
of the spoil was attributed to the nitrogen-based explosives used in the mining.
It is believed to be true because the bedrock in the mining area has low available
nitrogen (NO3-N) content, ranging from <0.1 to 0.3 mg/100g as in the Line
Creek (B.C. Research, 1976) and Sage Creek (B.C. Research, 1979) coal
development areas. The Fording Coal, Line Creek, and the Sage Creek areas are
similar in their bedrock geology and represent the Kootenay Group (sandstone,
siltstone, shale, coal conglomerate) of the Mist Mountain Formation of the
Jurassic-Cretaceous period. The fact that (a) nitrogen present in the bedrock is
largely in the forms that are not readily available, and (b) high carbon/nitrogen
ratios and low microbial activity in spoil make indigenous N mostly unavailable
(Reeder and Berg, 1977; Hesman and Temple, 1978), would limit contribution of
geologic materials to spoil inorganic nitrogen content. The unconsolidated soil in
the area may contain (NOg + NH,)-N ranging from 0.4 mg/100 g (8 lb/ac) to
2.4 mg/100 g (48 Ib/ac) (Gardiner, 1971). However, the soils in the area form a
thin veneer, and their influence on spoil nitrogen content was considered to be
minimal. Also, unconsolidated soil material is dumped in the middle of the spoil
pile (Lane, 1981), and therefore spoil samples taken were not contaminated by
soil (see 'Materials and Methods' section).

It was recognized that explosives could contribute to spoil nitrogen in
several ways (Pommen, 1982). First, high levels of inorganic nitrogen were
measured in the groundwater from blast holes following injection of slurry-explo-
sives mixture. The slurry explosives are water-resistant and, therefore, com-
monly used at the Fording Coal mining operation at sites where water is present.
Some loss of nitrogen from the slurry explosives to groundwater, however, is
inevitable because a short period of time is required for the water-proofing to

occur after injection of the slurry into the blast hole. Field observations indi-



cated that some of the nitrogen-enriched groundwater was likely to remain as .
part of the spoil material after the blast. Second, detonation of nitrogen-based
explosives results in the production of nitrogenous gases, which consist mainly
of nitrogen gas (Ng), and relatively small proportions of ammonia (NH3) and
oxides of nitrogen (N,O, NO, NOy). Whereas most of the relatively insoluble
Ng is lost to the atmosphere, the more soluble NHj3, NyO, NO, and NOg
could become part of the spoil system by dissolution in soil water. Third,
incomplete reaction and/or misfiring of explosives during detonation is another
probable source of spoil nitrogen. This usually occurs only when dry, hyrophilic
AN/FO explosives are used in wet areas. No misfiring was reported by Fording
Coal Ltd. when water resistant slurry explosives were used at wet sites. How-
ever, there is some evidence that slurry explosives are somewhat susceptible to
water attack and that slurry-explosives mixtures immersed in water for one week

detonated with reduced velocity (Bauer et al., 1979).

The significance of various sources contributing to spoil N is shown in Table
4. All nitrogen values are expressed in kg N/bm? (A multiplication factor of
0.0265 was used to convert mg N/100g to kg N/bm3).  The quantities of
nitrogen from slurryhole groundwater and explosives per se were based on data
gathered by Pommen (1982), whereas the values for spoil and waste coal are
derived from Tables 2 and 3. The total nitrogen from the 'Other Sources' was
estimated by subtracting slurfyhole nitrogen and readily soluble coal nitrogen
from spoil N content. It represents that fraction of spoil nitrogen which could
not be accounted for by the measured sources (i.e. 'slurryhole' and waste coal
mixed with the spoil). The results clearly indicate that the average spoil
nitrogen content was a small proportion (=8%) of that present in the
explosives before detonation. For an explosion to be efficient and complete, one
would expect that most of the explosive nitrogen, 92% in this case, would be lost
to the atmosphere during blasting. The residual explosive nitrogen in spoils,
albeit small, has been known to affect surface and groundwater quality
(Hackbarth, 1979; Kootenay Air and Water Quality Study, 1978; Pommen, 1982).
Note that the nitrogen content of the total spoil will be lower than 8%, since the
coarser (cobbles, boulder, etc.) fraction of spoil was disregarded due to diffi-

culty in sampling it, and the coarse fraction would contain less nitrogen.
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' The dissolved nitrogen in slurryhole groundwater appears to contribute a
sllgnificant proportion to spoil N content (Table 4). On the average this contri-
bution is about 34%. These calculations assume that (a) chemical analyses
represented conditions of a fresh spoil, and (b) no loss of slurryhole nitrogen
occurred during blasting. It should be noted that the spoil samples were
collected from spoil piles two to eight months old (Table 1) and nitrogen losses
from spoil piles due to leaching in situ is a real possibility. Also, the quantity of
nitrogen originating from the slurryholes could be higher than indicated in Table
4 (Pommen, 1982). The influence of these factors on spoil N content is difficult

to determine at this time due to lack of extensive field data.

Comparison of spoil and coal analyses suggest that pure coal samples had 16%
as much inorganic N as spoil. The actual contribution of coal to spoil N will,
however, be far less than this value for the following reasons: (i) the propor-
tion of waste coal in spoil samples is expected to be very small. For instance,
the volume of extractable raw coal/volume of overburden for the Fording Coal
minesite was estimated to be about 0.18. As most of the coal is extracted and
shipped away, the waste coal/overburden ratio in the spoil is expected to be
much lower than 18% as indicated above. (ii) The nitrogen released from coal was
measured under anaerobic and saturated, rather than aerobic and unsaturated,
conditions. The anaerobic conditions are conducive to higher nitrogen minerali-
zation from coarse materials with high C/N raﬁos-(Cameron and Posner, 1979)
such as coal. The physical characteristics and field observations, however,
indicate that the spoil was very coarse (Table 1) and spoil piles to be unsaturated
and aerobic, especially near the surface. The actual contribution of spoil nitro-
gen in Table 4 was calculated to be about 0.1 x 1073 kg N/bank m3,
assuming waste coal to spoil and extractable coal to overburden ratios of 0.20 and
0.18, respectively. Note that the waste coal/overburden ratio of 0.20 is a
conservative estimate and represents the higher end of the scale. The calcula-
tions show that nitrogen released from waste coal was less than one percent of

the measured spoil N content (Table 4.)

The 'Other Sources' fraction appears to be another major source of spoil
nitrogen, which on the average, could contribute up to 65% of spoil N. The
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individual sources in this category include (a) nitrogenous gases (mostly NH_
and oxides of nitrogen) produced during blasting, (b) partial misfiring, (c)
spillage during blasthole loading with explosives, etc. In the case of nitrogen
oxides (Ng0, NO, and NOg9), a production rate of 0.6 - 2% of the nitrogen
content of the explosives was estimated (Pommen, 1982) depending upon the type
of explosives used. Assuming that all of the nitrogen from nitrogen oxides
produced during a blast was retained by the spoil, these gases could contribute
between 8 and 25% to spoil N (Note that most of nitrogen oxides produced during
a blast are prone to escape to the atmosphere, unless returned to spoil by
precipitation). The remaining 40 to 57% coming from partial misfiring and spil-
lage seems unlikely since no misfiring was reported during blasting, and spillage
did not seem to be significant during field observations.

It is apparent from the above discussion that the individual sources of
nitrogen are difficult to quantify due to uncertainty in the measurement of these
sources (e.g. Slurryhole) and lack of field data. In general, it appears that

waste coal in spoil is an insignificant source, whereas slurryhole groundwater and

'Other Sources' collectively are the major contributors to spoil nitrogen.

Leaching and Impact of Spoil N on Water Quality

The leaching of explosives nitrogen in spoil as a funection of spoil nitrogen
content and precipitation/water flow rate through spoil is shown in Figures 4
through 7. The results show that the rate at which nitrogen was leached
increased with spoil nitrogen content and water flow rates. It may be concluded
that for a given spoil nitrogen concentration, nitrogen loading to streams and
groundwater draining the area will be much greater during high flow conditions.
On the other hand, high nitrogen concentration in leachate during low flow rates
(not shown) suggest that stream water nitrogen concentration will be higher

during low flow conditions. These observations are in agreement with those made
in the field (Pommen, 1982).

The in situ leaching of spoil nitrogen from the use of explosives was assessed

based on data presented in Figures 4 through 7. The estimates of in situ water

...12_



flow through spoil piles was obtained from the river flow data and the area of the
~atershed above the stream gauging station (see 'Materials and Methods' section).
The average monthly flow rates through the spoil, thus calculated, are shown in
Tasble 5. The average spoil nitrogen content, on April 16, was taken to be
0.60 mg/100 g as given in Table 3. Using the above information, a family of
curves indicating water flow rate and nitrogen leaching/loading rate for spoil
nitrogen content at the beginning of the month (except in April) was drawn as
outlined in the 'Materials and Methods' section, and shown in Figure 8. For
instance, the curve with 0.60 mg/100 g spoil N represents April conditions,
whereas the curve with spoil N equal to 0.51 mg/100 g is for the month of May.

The amount of nitrogen leached per month is shown in Table 5.

The results indicate that all the spoil nitrogen would be lost after just over
one month of leaching, provided no more nitrogen is added to the system during
that period. It should be noted that May and June are high flow months and that
nitrogen losses will be maximum during this period. On the other hand, nitrogen
added to the spoil during winter months of low flows will be leached out slowly.
One may, therefore, safely conclude that spoil nitrogen from explosives would
not be expected to remain in the system for more than one year; in other words,
the impact of explosives nitrogen from spoils on stream water quality is short
lived. High nitrogen losses during high water flow conditions are in general
agreement with Pommen (1982) field measurements. However, it must be empha-
sized that the model calculations were qualitative. The rate at which explosives
nitrogen is added to a spoil pile during continual mining operations was not
considered because of lack of such data. Also, non-uniform flow conditions in
époil piles, which may occur due to surface compaction by vehicular traffic and
surface crusting, were not considered (Pedersen et al., 1980). The latter
condition will result in a decrease in the rate at which spoil nitrogen may leach.

CONCLUSIONS AND RECOMMENDATIONS

Spoil at the Fording coal mine was coarse textured and highly permeable.
The average inorganic (NOjg + NH,) nitrogen content of the spoil (0.6
mg/100g) was much higher than that of uncontaminated coal (0.1 mg/100g) and
bedrock (<0.1 to 0.3 mg/100g) in the area. The high spoil nitrogen content was
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attributed to explosives used at the mine. The true contribution of explosives t
spoil nitrogen was difficult to assess because (a) the coarse fraction of spoil was
not sampled, and (b) samples were collected from spoil piles which were 2 to 8
months old and subject to nitrogen losé due to leaching. The knowledge of
actual spoil nitrogen contents is essential in determination of nitrogen leaching
rates and its impact on water quality. It is recommended that:

1. Uncontaminated and freshly blasted spoil be analysed to determine true

explosives contribution to spoil nitrogen.

The model used in the report suggested that the inorganic nitrogen in spoil
would be leached out within one year. The model was developed in the laboratory
assuming uniform distribution and flow conditions in spoil piles. Gradual and
prolonged leaching of explosives nitrogen from spoil has been observed at a
minesite elsewhere (Hackbarth, 1979), most probably from non-uniform flow
conditions in spoil resulting from surface ponding (Pedersen et al., 1980). On
site measurements of water distribution, water flow, and accumulation of explo-
sives nitrogen in spoil are essential in determining validity of the model. It is

recommended that:

2. Lobaratory development and study of leaching models he done in conjunc-
tion with on site monitoring of spoil moisture conditions, e.q. distribution

and flow, and leaching of explosives nitrogen from spoil.

The amount of explosives nitrogen leached from spoil was predicted to be at a
maximum at high flow rates and vice versa. Nitrogen loadings in the Fording
River (Pommen, 1982) support this conclusion. Ensuring poor hydraulic contact
of spoil with surrounding areas and slow water movement through spoil will
reduce but prolong the effect of explosives on water quality. It is recommended
that:

3. Spoil piles be isolated hydrologically by diverting upslope water away from
them.

_14_



One possible way of reducing flow rate in spoil is to cover the spoil pile, as
.. is formed, with finer, relatively slowly permeable material (e.g. fine waste coal
fraction), followed by surface compaction. The feasibility of such an action

would, however, require a study of the cost and ease with which it can be

carried out in the field.
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Table 1: Particle Size Distribution of Fording Coal Spoil Samples

Spoil Sample Particle Size Analysis
No Description Gravel Sand Silt Clay Textural*
(>2 mm) (<2 mm- (<0.05 mm- <0,002 mm Classifica-
- 20.05 mm) >0.002 mm) tion
%
1 8-Spoil; west side haul 62.7 30.3 5.9 1.1 gls+

road; possibly washed,
reject Coal

2 As above A 48.7 38.3 11.4 1.5 gls

3 8-Spoil; west side haul 76.8 16.7 4.5 2.0 gsl++
road; 6 to 8 months old

4 8-Spoil; runaway lane 59.6 29.1 9.3 2.0 gs]
north side

5 As above 79.4 15.5 4.1 0.9 gls

6 8-Spoil; runaway lane 61.6 29.6 7.1 1.7 gls
west side; = 2 months
old

7 As Above 60.4 34.3 13.1 2.2 gsl

8 8-Spoil; east side haul 55.4 39.5 3.7 1.3 gst+++
road; 6 to 8 months old

9 As above 75.3 20.4 3.1 1.1 gsl

10 8-Spoil; runaway lane 50.1 33.9 13.8 2.2 gsl
east side; = 2 months
old

11 As above 67.1 23.6 7.8 1.5 gsl

12 Clode pit; coaly waste 62.0 39.7 6.1 2.2 gls

on pit floor exposed
for 2 months

13 8-Spoil along haul road 76.1 18.7 4,1 1.1 gls
6 to 8 months old
* U.S.D.A. classification system ++ gravelly sandy loam
+ gravelly loamy sand +++ gravelly sand
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Table 4: Inorganic Nitrogen Associated With Explosives, Spoil
and Various Sources Contributing to Spoil Nitrogen.

Amount of Nitrogen

Source Range Average Relative to
Explosive| Spoil
———— kgN/bank m3* — - % -
Explosives 0.14-0.25 0.20# 100
Spoil 0 - 75.7x10-3 16,1x10-3 8 100
Waste Coal** : 0.09x10-3 0.6
Slurryholes 0.31x10-3 - 35,5x10-3 5.48x10-3 34.0
'Other Sources'*** 10.53%x10-3 65.4
Nitrogen Oxides 1.2x10-3 - 4.0x10-3 7.5-24.8
Unaccounted for 6.53x10-3 - 9.33x10-3 40.6-57.9

* 1 bank m3 = 2650 kg.
** Waste Coal = 2.52x10"% x 0.18 (Extractable Coal/Overburden) x 0.2 (Waste Coal/
Spoil).
*%% 'Other Sources' = Spoil N - Waste Coal N - Slurryhole N,

Explosives Nitrogén Content x Powder Factor (kg of explosives/bank m3)
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Table 5: Predicted Inorganic Nitrogen, (NH4+NO3+ NO,)-N, Leaching From

Spoil
Month Mean Monthlyt Spoil Nitrogen Leaching Amount of Nitrogen
Streamflow Content Rate Leached
Monthly  Total
m3/s cm/d mg/100 g mg/100 g-hr ~mg/100 g—

Jan, 0.29 0.0261
Feb, 0.26 0.0234

Mar, 0.28 0.0252

*Apr. 1.05 0.0945 0.60 0.00025 0.090 0.090

May 5.68 0.5112 0.51 0.00100 0.744%% (,834%*
(0.51)  (0.60)
June 8.00 0.7200
July 3.28 0.2952
Aug.,  1.71 0.1539
Sept.  1.05 0.0945
Oct. 0.69 0.0621
Nov. 0.46 0.0414

Dec. 0.35 0.0315

* %

1.

Amount of inorganic nitrogen leached for April is shown to be half as much,
since spoil was sampled at mid month,

Indicates potentially leachable amounts; when these values exceed the spoil
nitrogen content for the month, the amounts of nitrogen leached is given by
the amount present in spoil as shown in the parenthesis.

Fording River below Clode Creek (08NK021).
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