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FOREWORD

Over the past nine years a continuing cooperative venture has
developed between the United States Environmental Protection Agency
(EPA) and the Central Research and Design Institute for Openpit
Mining (POLTEGOR) in Wroctaw, Poland, to deal with energy and the
environment, This research is fundamental to the growing energy
requirements and related environmental concerns of the Polish Peoples
Republic and the United States, Each country shares similar features
enabling the research efforts to be applicable and timely.

Several projects have been undertaken, including those relating to
mine water purification, reclamation of spoils, and co&l ashes, These
research efforts are the necessary first steps in problem solution,
which involves defining the problem, measuring its impact, and searching
for sclutions, The EPA develops new and improved systems technology
to minimize the adverse economic, social, health and aesthetic effects
of pollution, This publication is a product of that research,

This report presents the results of five years investigation of the
effects of coal wastes and ashes on groundwater modelling to identify
potential impacts, Further, a most signhificant aspect of the report is
the design testing to determine appropriate monitoring and containment
measures to prevent and analyze potential pollution problems, This
report and its findings will significantly benefit EPA in its mission. In
particular, certain current pollution problems as defined by the Federal
Water Pollution Control Act, Resource Conservation and Recovery Act
and Safe Drinking Water Act, can be dealt with more effectively as
a result of this report, Further, the findings should have benefit not
only to disposal of coal refuse, but disposal of toxic wastes in general.
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ABSTRACT

This project was developed as a result of an earlier study
published in the EPA report "Effects of the Disposal of Coal
Wastes and Ashes in Open Pits" (EPA 600/7-78-067). The
analysis of that studv indicated the need to continue the
research on a full scale basis for a longer veriod of time,
thus the initiation of this study.

The objective of this studv was to determine the extent of
groundwater quality deterioration when coal mine refuse and
power vlant ashes were disposed of in open pits. In addition,
disposal methods were developed and procedures for planning and
designing disposal sites were formulated. The study was
conducted from 1975 to 1979 at an abandoned sand pit near
Boguszowice, Poland, where the groundwater was monitored.
Laboratory testing of the wastes and its leachates were also
conducted. From this work, the physical-chemical character of
the waste material and its susceptibility to leaching of
particular ions in a water environment were Aetermined, as was
the influence of precipitation on the miagqration of opollutants
to the aquifer. The level of pollution of groundwater in the
vicinity of disposal sites and its dependence on local
hydrogeological conditions, and particularly on hydraulic
gradients were ascertained. Recommendations for improved waste
storage technology in order to limit the effect on groundwater
and design guidelines for a monitoring system are presented.

This report was submitted in fulfillment of project JB=-5-537-1
between the United States Environmental Protection Agency and
the Central Research and Design Institute for Openpit Mining
(POLTEGOR) , 51-616 Wroclaw, Rosenbergdw 25, Poland.
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SECTION 1

INTRODUCTION

The current situation in world energy which began in the 1970’s,
prompted renewed interest in coal. It is expected that this situation will
last until the end of the 20th century., Ihcreases in coal extraction
result in large amounts of refuse being produced mainly from processing
plants., These wastes are partially utilized (e.g., for road embankments),
but large amounts have to be disposed frequently in previously explo-
ited open-pit mines, This seemingly rational solution is, however, poten-
tially hazardous to groundwater which can be easily contaminated by
the direct or indirect contact with the refuse, A conflict thus develops
because these groundwater resources are frequently used by munici-
palities and industries and have to be protected. Many countries regu-
late groundwater pollution.

Influence of coal waste and ash disposal on groundwater quality
was investigated between 197321976 in the Central Research and
Design Institute for Open-pit Mining (POLTEGOR) as a part of the
Environmental Protection Agency’'s overseas activities., A small test
disposal site with a capacity of 1,600 m3 was used to investigate the
influence of ash and refuse disposal on groundwater quality. Similar
tests were also conducted for a period of time on a large disposal
site with a capacity of 2,000,000 m3, where its impact on groundwater
quality was observed within a radius of 1 km, Tests were also perfor-
med on ground models and analog models in order to investigate pollu-
tant migration in groundwater,

Upon completion of the project, U.S. EPA published the Final Report
in the Interagency Energy-Environmental Research and Development
Series (Publication EPA-600/7-78-.067). This report presented a number
of conclusions relating to the pollution hazard and a number of recom-.
mendations relating to methods to reduce the hazard.

In 1976, it was decided to verify the conclusions by further studies
at the large disposal site, Investigation for longer than two vyears,
especially in the case of large disposal sites and groundwater migra-
tion, was found to be necessary. Thus, the period of evaluation was
extended to five years,

This report presents the results of the five-year study (1975-1979)

on the large refuse disposal site and its impact on groundwater quality,
Conclusions have been drawn and recommendations made,
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SECTION 2

CONCLUSIONS

This research confirms that caal refuse disposal in an abandoned
open pit in which the refuse may have contact with an underlaying
aquifer, deteriorates groundwater quality (Table 2-1). )
The stored coal refuse consists of dry wastes coming from the
construction of the mine, from dry separation of coal waste and

wet refuse coming from coal washers, Dry waste materials as a

rule consist of large particles, having diameters greater than 100 mm,
and as such constitute a much smaller poliution potential because
the leaching of toxic components is limited by small facial surfaces
in contact with water. Washed waste material has smaller particles
ranging from a dusty f{raction to 50 mm, and is much more suscep-
tible to leaching of soluble components.

Dry refuse, because of its large size particles, presents difficulties
in laboratory tests (in columns) and it is therefore difficult to
relate laboratory leaching results with field observation., Washed
refuse also presents difficulties for laboratory testing because the
suspended solids and colloidal particles plug the bed,

The level of groundwater contamination is dependent first of all on
the leachability of the wastes, Other significant factors include:

- the amount of precipitation percolating into the disposal site which
is dependent on the area of disposal surface exposed to preci-
pitation and amount of precipitation,

- selfsealing of the disposal site bottom by the finest muds washed
out from the disposal site, and settled at the aquifer roof
(e specially if the permeability of the aquifer is less than the
permeability of the disposal site).

The leaching of refuse in glass columns in the laboratory in order
to obtain the pollution impact was accomplished in three phases of
24 hours each, These tests showed the maximum conceniration of
each component in the laboratory leachate and the dependence of
leachability on time,

After 72 hours (three 24-hour periods), the following concentration
of each componentwas found in the Jeachate ( maximum :;fa.lues):
TDS - 3372 mg/dm™ Cl - 479 mg/dm”, S0,

- 23Q, mg/dm~, Na -
- 3 == 3
357 mg/dm~, K -~ 48,0 mg/dm~, Ca - 355.9

mg/dm>, Mg - 21.85 mg/dm>,

* . 1 mg/dmS = 1 mg/l = 1 ppm

[§8)



Table 2-1. Comparison of Groundwater Quality Before and After
e oo Waste Storage e e
Average Average Maximum
concentration ccncentration concen-
Designation Unit before during tration
disposal disposal during
influence influence disposal
influence
pH 6,66 6.25 6.88
Conductivity us/cm 247.1 460,72 8010
TDS mg/dm 169,2 329,13 550,07
Cl " 15.08 40.84 72,73
SO4 " 54.1 117.98 209.89
Na " 7.84 33.50 81,99
K u 2,77 5.51 11.31
Ca " 16.26 34.11 53,60
Mg " 4,95 10.23 17,39
Mn " 0.24 0.2€6 0.79
Fe total " 4,60 3.7433 8.75
NHy, " 0.43 1.22 2.47
PO4 " 0,014 0.0244 0.053
CN " 0.0049 0.0059 0.0172
Phenols " 0.0034 0.0036 0.0066
Al " 0.16 0.181 0.444
Zn " 0.360 0.1672 0.497
Cu " 0.023 0,0102 0.0313
Pb " 0.0165 0.0246 0,047
Cr " 0.0064 0.0056 0,075
As " 0.0168 0.0274 0.057
Sr ! 0,130 0.1472 0.216
Mg " 0.630 0.6294 1.300
Cd " 0.0024 0.0037 0.0058
Mo " 0.0148 0.0083 0.024
B " 0.032 0.0685 0.095
3
Note: mg/dm~ = mg/l = ppm



10,

11,

1a.

Mn - 2,995 mg/dm3, Fe total - 75.8 m dm3, NH, - 4.46 mg/de,

PO, - 3.14 mg/dm3, CN - 0,066 mg/dm>, Fhenols - 0.088_mg/dm3,
Al = 38,5 mg/dm3, Zn -~ 3.085 m§/dm3, Cu - 0.925 mg/dm3, Pb -
0.271 mg/dm3, Cr - 0.089 mg/dm~, As - 0,133 mg/dm3, Sr - 2,050
mg/dm3, Hg - 1.09 mg/dm3, Cd - 0.056 mg/dm3, Mo - 0,029 mg/dm3,

B - 3.6 mg/dm?>.

The leachability of pollutants may be divided into three groups

under laboratory conditions:

lst group - the components most easily leached (Cl, S0,, Na, K)

2nd group - the components of medium leachability (Cu, %n, Hg,
Sr, Cd, B, Mn, Mo, CN)

3rd group - the components characterized with the slowest leaching
(Mg, Al, Cr, As, Pb, NH,, Ca).

The glass columns leaching experiments showed that from 1 kg

of coal wastes the following masses of particular pollutants were
leached on the average: _

TDS - 320 mg/kg, Cl - 41.8 mg/kg, SO, - 32.9 mg/kg, Na - 48.74
mg/kg, K - 5,26 mg/kg, Ca - 15.18 mg/kg, Mg - 1.46 mg/kg, Mn -
0.146 mg/kg, Fe - 4.93 mg/kg, NHy - 0.347 mg/kg, P04 - 0.104 mg/kg,
CN - 0.005 mg/kg, Phenols - 0,0056 mg/kg, Al - 2.34 mg/kg, Zn -
0.177 mgl/kg, Cu - 0.0395 mgl/kg, Pb - 0.0391 mg/kg, Cr - 0.0073
mg/kg, As - 0.0016 mg/kg, Sr - 0.081 mg/kg, Hg - 1.03 mg/kg,

Cd - 0.005 mg/kg, Mo - 0.003 mg/kg and B - 0.171 mg/kg. These
figures could be used to forecast the amounts of leachable

pollutants contained in the stored coal wastes,

The comparative study showed the relation between the

laboratory leachates and the real pollutants' concentrations 7
in the adjacent part of the aquifer,which 18 shown in Table 2-2.
The indicators specified in that table may be used for the rough
prediction of the area of pollution when storage is planned based on
the laboratory leaching tests,

The system of monitoring wells in the shape of 5 radial lines was
sufficient to monitor the aquifer for potential pollution. However, in
practice a smaller number of wells would be sufficient,

Three-week intervals for groundwater sampling and measurements
were sufficient, and in practice measurements could be reduced
to a monthly frequency. ‘

The schedule of physico-chemical analyses (i.e., the sample analy-
ses of 19 parameters for every set of samples, and full analyses
of 42 parameters for every third set of samples) is appropriate.
However, the number of parameters chosen for simple analyses and
full analyses should not be based on recommendations for drinking
water standards, but on the basis of results from previous labora-
tory leaching tests,

The first indications of groundwater pollution occurred in the form
of singular waves of pollution in specific wells in 1976, i.e., 12 to

4



“Table 2-2. Indicators Illustrating the Comparison of Actual
. __Groundwater Pollution Versus Glass Colimns. -

Leachate
Designation Unit Maximum Average Minimum
pH 5 0.82 0.75 0.70
Conductivity us/cm3 0.53 0.307 0.20
TDS ‘ mg/dm 0.34 0.20 0.12
Cl1 " 0.35 0.19 0.09
S0, " 1.28 0.72 0.36
Na " 0.34 0.14 0,04
K " 0.43 0.21 0.10
Ca " 0.71 0.45 0.23
Mg " 2.38 1.40 0.74
Mn " 1.08 0.36 0.15
Fe total " 0.355 0.152 0,013
NH,, " 1.43 0.705 0.32
PO, : " 0.10 0.047 0.017
CN " 0.68 0.23 0.09
Phenols " 0.23 0.13 0.07
Al " 0.038 0.02 0.02
Zn " 0.56 0.19 0.09
Cu " 0.5 0.16 0.01
Pb " 0.24 0.13 0.05
Cr " 0.21 0.15 0.06
As " 0.98 0.47 0.08
Sr " 0.53 0.36 0.23
Hg " 0.25 0.12 0.05
Cd " 0.24 0.15 0.09
Mo " 1.41 0.49 0.13
B " 0.11 0.08 0.06

groundwater values
leachate column values

Note: Indicator in the table =

[§]



13.

14,

15.

16.

17.

18 months after disposal operations had begun. However, these
developments were difficult to monitor.

Continuous pollution began in early 1977, two years after the
commencement of storage operations (see Table 2-3).

The waste caused significant pollution of the aquifer only in the
direction of the greatest declination in the groundwater table,

The pollutants do not migrate in the form of a wide uniform front,
as predicted by hydrodynamic net analysis, but migrate in the form
of narrow veins. This finding has been proved by comparing the
concentration of pollutants in particular wells in the potentially
polluted zone. The pollution was not very uniform. The most impor-
tant finding is that local differences in aquifer permeability
determine pollutant concentration (higher permeability - higher
pollution) especially after 3 years. This condition was

found in similar investigations conducted in France, but without
explanation.

The duration of heavy pollution was 21/2 vears or until mid 1979,
when it decreased. This phenomenon could be explained by two
factors:

- the surface area of the disposal site exposed to rain infiltration
was reduced by careful reclamation of about 30-40 % of the
total disposal surface,

- the bottom of the disposal site was self-sealed when the silty
wastes were washed from the disposal body and settled at the
bottom of the pit,

In accordance with modelling in the previous report (see section 4),
the sequence and period for pollutants occurring in particular wells
from the beginning of storage, was predictable with 80 percent
accuracy.



Table 2-3. %ualitativerPicture'Illusfrating Pbllution Occurrence
L ~_Intervals L
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pH reaction no change
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151 K
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SECTION 3

RECOMMENDATIONS

This project was a follow up to a previous project entitled "Effects
of the Disposal of Coal Waste and Ashes in Open Piis", and published

by EPA in Research and Development Series in April 1978 under the
number 600({7-78-067.

The objective of the present project was on the basis of a long-
lasting full scale investigation to confirm the conclusions and recommen-~

dations from the previous report. Significant new data on the expanded
site was utilized.

This confirmation was required to verify the earlier conclusions and
recommendations and to insure its applicability to broad use.

The recommendations have been verified and confirmed in practice.
Therefore, the recommendations have been systematically presented to
relate its applicability to the first project. The methodology presented
for the storage of coal refuse may be applied to many other solid wastes.
The phenomena observed may differ according to chemical composition
but should be similar hydraulically,

WASTE CLASSIFICATION AND EXAMINATION

1. According to observed tests, coal waste can be divided into the
following sub-groups:

a. Dry waste material is from quarry operations, associated with
the ripping of the floor or roof, the construction of stone drifts, etc.,
and more rarely from dry mechanical separation, This refuse is
characterized with identical mineral and chemical composition, from
the sterile rocks accompanying the coal seams, and are usually
coarsely grained (gross from 10 to 200 mm). The character of
pollutants leached is entirely dependent upon the chemical composi-
tion of sterile rock formations. The quantity of pollutants which may
pass into solution is relatively small, because of the small surface
contact with the leaching water. This is due to the effect of the
rather large size of particles of this refuse, and great filiration velo-
city of water through the material which occurs particularly in the
disposal located above the ground water table,

b, Wet waste material may be coming {rom washers using water
or heavy fluids and from flotation processes.

8




- The refuse from the water washers is characterized with a gra-
nulation from a silty fraction up to a diameter of 80 mm, and
their chemical composition is effected by both the sterile rock
and the cleaned coal. Moreover the influence on their chemical
character has the composition of washing water (i.e. a highily
mineralized drainage water). The wide range of grain size pro-
vides conditions for both the movement of the water through the
stored material, and for large quantities of components to be
leached as compared with dry refuse. Moreover some pollutants
may also be washed in the form of suspension of silty fractions,

-~ Waste material coming from washers using heavy fluids are charac-
terized by a coarser graining than waste from water washers
(i.e. grain size of 20 to 250 mm). Their chemical composition is
effected by the character of the sterile rocks and cleaned coal.
The chemical composition of the heavy fluids used has a substan-
tial influence during washing. Here the components of the washing
medium settle on the surfaces of refuse particles, and are first
washed-out from the disposal. Therefore, the chemical character
of this fluid should be considered from the environmental perspec-
tive, The coarser granulation of this refuse, in comparison with
the preceding, does not provide conditions for the leaching of as
large a quantity of pollutants as for water washes because (a)
of the relatively smaller contact surface of the refuse particles
with the percolating water, and (b) due to the higher velocity
of the rain water percolation through coarser material.

- The refuse from flotation is characterized with a very fine granu-
lation in fractions from silty to 2 mm diameter, Their chemical
composition is a function of the coal characteristics, characteristics
of accompanying sterile formations, and also the chemical substan-
ces used as flotation fluids., The fine granulation of these wastes
provides conditions for leaching large quantities of components
particularly in disposals saturated with water, In case of dry dis-
posals (e.g. above groundwater table), a fine granulation of this
refuse limits the possibility of the filtration of the rain water
through the stored material and may increase the share of eva-
poration in the disposal’'s water balance, The composition of the
fluid used in the flotation process may also have substantial
influence on the chemical character of leachates because some of
the fluid’'s components may setfle on the surface of grains. The
type of fluids used in flotation should therefore also be controlled
for potential ground water pollution.

Laboratory tests of wastes, with respect to their storage, should be
carried out considering the conditions of storage,

With reference to the above, the full chemical analyses of refuse
are not recommended, as this can lead to erroneous conclusions.
Only a portion of the refuse components can pass into leachate,
and only this portion affects the quality of groundwater.



10,

With sufficient time and funds, the lysimetric method of refuse ana-
lyzing is recommended when conducted in columns of 1 m diame-
ter, and 3-4 m high, These tests may be conducted under full
saturation of refuse, if storage below the groundwater table is
expected or where the refuse is only temporarily impacted with rain,
if disposal above the groundwater table is expected. In the first
case the duration of tests has to be defined on the basis of refuse
permeability, A duration of 3 to 6 months is recommended. In the
second case a duration of at least one year is recommended. The
water for the tests in the first case should be taken from the aquifer
within which the disposal is planned. In the second case the recom-

mendation is to expose the refuse to the natural rain, Distilled
water to simulate rain is not recommended because the rains in the
industrialized areas are generally acidic (pH = 4-6) containing
pollutants,

To obtain fast and approximate results, an expedited leaching of the
refuse can take place in 10 cm diameter columns about 1 m in
height with a filtrating layer in the bottom part. In two weeks appro-
ximate results on maximum concentrations of particular components
passing to groundwater in optimal conditions can be obtained, and also
the amount of leachable pollutants per unit of mass of stored wastes,
In interpretation of these results caution is recommended where
solubility may be impacted by increased time,

It is recommended that tests as described in no. 4 be performed
for planning before commencing storage, and tesis referenced in
no. 5 be performed during storage to determine wvariability of the
stored material,

In order to plan and design the disposal site, the chemical analyses
of leachates should analyze all components and elements to estimate
which could be harmful to groundwater quality,

The chemical analyses of leachates, obtained in the laboratory
process of the stored refuse, may comprise only those elements
and compounds which were found harmful during the basic exami-
nation mentioned in no. 7, This shortened procedure may be used
if the coal and sterile material has approximately uniform characte-
ristics.

The analyses of the leachate should determine all related physical-
chemical parameters, as one cannot judge beforehand which may
be harmful,

Analyses mentioned in no.7 should be completed with a high degree
of accuracy to determine not only the potential threat from a given

toxic component in groundwater, but also the secondary impact from
organisms of plants or animals using these waters. This secondary
concentration may be more harmful,

10



SITE CLASSIFICATION

Classification and evaluation of the open pits for the storage of
coal refuse, for groundwater protection, should consider the following

criteria:

L The hydrogeological criteria based on reciprocal spatial relations
of the disposal and the threatened aquifer is discussed in the
following classifications:

A, "Dry" disposal sites (situated above the groundwater table and
exposed to rain).

1. localized within the
impermeable layer
(i.e. clay pit)

2. localized within the
permeable layer
(i.e. sand pit)

3. localized within the
impermeable layer,
underlined with unsa~
turated permeable
layer (i.e. clay pit)

4, localized within the
unsaturated permeable
layer and underlined
with impermeable layer
(i.e. sand pit).

B. "Wet" disposal sites (situated below the ground water table)

1. localized within the
impermeable layer
underlined with aquifer
with hydrostatic
pressure

3\)/

localized within the
permeable layer
underlined with imper-
meable layer

11
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3. localized within the
impermeable layer
directly underlined
with aquifer with
hydrostatic pressure

4. localized within the
permeable layer,

The disposals mentioned in B.2, 3 and 4 could be:
a) wastes completely — ot
saturated N —
or

b) dry by existing
(from the period of
excavation) draining
arrangements, i.e.,
ditches, pumping
stations - refuse is
stored in dry pit and
then is saturated with
water,

In the first of these two cases, the pollutants pass into water much
faster. In the second, there is a much slower rate although the

of leached out compounds in an extended period will be more or
less equal.

Hydrogéological criteria based on the relationship between the disposal
and aquifer permeability.

A, disposals with the permeability lower than the surrounding
aquifer (mostly disposals of floating refuse)

B. disposals with permeability higher than the aquifer or a majority
of disposals

C. disposals with permeability similar to the surrounding aquifer,
Criteria for a protected object is recommended to distinguish dispo-
sals when:

A, the entire aquifer must be protected

B, a determined part of the aquifer or the

particular water intakes must be protected.

12



IV. Criteria for positioning the disposal and the protected object:

A, protected object is situated in the threatened zone posed by
groundwater being in direct contact with the disposal (down.
stream in the groundwater flow)

B. protected object is situated in the indirect influence zone where
pollutants may appear either as very diluted or as a result
of dispersion

C. protected object is situated within the same aquifer, but outside
the hydrodynamic or dispersional influence of disposal (e.g.,
upstream in the groundwater flow).

V. Distinguishing criteria for the degree of groundwater profection is
recommended:

1lst degree - total protection, when the groundwater quality cannot
be changed at all, '

2nd degree - partial protection, when permissible values cannot
be exceeded or water must be protected against increases of

determined components (i.e., Cl, S0,, heavy metals),

3rd degree - when a given aquifer is not subject to special pro-
tection,

PLANNING AND DESIGNING FOR DISPOSAL

I. Planning the storage of the coal refuse in an open pit should be
preceded by

- exact knowledge of the coal refuse characteristics including
their leachability based on tests described above and the
quantity planned for storage over a given time,

EFor preliminary studies the figures and indicators contained
in section 2 of this report may be used,

- detailed investigation of the hydrogeological conditions of the
area planned for storage,and

- determining the spatial and qualitative protection of the aquifer,

I, The survey of hydrogeological conditions should include:

- spatial parameters of the aquifer in contact with the disposal
(thickness, spreading and hydraulic relations with others),

- parameters of permeability (especially coefficients of perme-
ability and of specific yield),

13
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Vi,

V1L

- distribution of a hydrodynamic network of the groundwater
hydrostatic heads,

- exact knowledge of the original groundwaters’ chemical charac-
teristies,

- lithology of aquifer,
-~ detailed description of the site slopes and bottom considering
permeability, e el

- detailed knowledge of climatological conditions, especially the
amounts_and distribution of rainfall.

Hydrogeological parameters that should be used with the survey
of the aquifer:are:

- drilling wells (either existing from the period of the deposit
exploitation, or specially designed),

- geophysical investigations (where possible),
- analysis of general geological information,

Parameters of permeability should be determined using standard
field tests (e.g., pumping tests, or water forcing in the

zone of aeration) or laboratory tests (in filtration columns, and
sieve analyses).

Reconstruction of the hydrodynamic network should be performed on the
basis of surveys of the groundwater table in bore holes, or where
possible with use of remote sensing geophysical methods, The
thermistor or tracer methods are not recommended for large sites
and non-point pollution, since they are less adequate than in the
case of particular wells, The mathematical model verification of the
hydrodynamic network is recommended since there are better
possibilities to adjust to real conditions. Knowledge of the region's
hydrodynamic network is one of the most important elements in determining
the disposal's eventual influence on groundwater and should be

made with the greatest accuracy. The proper reconstruction of thre
hydrodynamic network and good knowledge of permeability will allow

the possibility of highly accurate forecasts.

The use of aerial photography is strongly recommended to define
the lineaments to delineate potential groundwater carrying pollutants,
The pollutants are not transported through the whole section of the
aquifer, but through the flumes which could be located only with
use of remote sensing methods.

The chemical characteristics of water of a considered aquifer should
te determined by analyses of groundwater. Sampling should be done
from the points specified based on the previously described investi-
gations at z2-3 month intervals (at least one year prior to storage).

14



This is necessary to determine seasonal or other factors such as
influence from an urbanized area.

VIIl, Knowledge of lithology of the aquifer formations is necessary for
the evaluation of absorption and ion exchange that can take place
between the polluted water and the rock (soil) skeleton,

IX. The requirements of aquifer protection should take into account
current and future plans for water use since disposal impacts may
exist for several years,

X. After collecting appropriate data, it is possible to forecast the
influence of coal refuse storage in an open pit on a selected part
of the aquifer, or on the entire aquifer under consideration. Such
a forecast may be of qualitative or quantitative character, both in
respect to time and the degree of deterioration of the groundwater
quality, The forecast may be prepared either using computer methods,
or a descriptive computation method., One should realize that there
are no all purpose programs which would afford a formulation of
all phenomena, in a three dimensional system from the aspect of
time and considering different behaviour of various ions. The problem
is more difficult as the phenomena occurs in the unsaturated zone.
One can make approximate forecasts enabling improved decision
making, It is possible to obtain more accurate results when the
forecast concerns one pollutant only, e.g., chlorides, or molybdenum,
as opposed to polluting components,

X1. The forecast and its conclusions should be followed by recommenda-
tions concerning the method of storage and eventual prevention means
as needed,

XIl. For particular types of disposal sites the following is recommended:

A, In open pits of the Il-a ftype, the coal refuse can be stored
without any limitations.

B. In open pits of the I.b type, coal refuse cannot be stored
without a risk of groundwater pollution. This threat can be
reduced by 70 to 90 percent by the protection of the disposal
surface against leaching of precipitation. This can be achieved
Ly altering surface contours to maximally increase the super-
ficial cun~off of rain water and the evaporation, and to decrease
to a minimum the leaching of precipitational water to the dispo-
sed refuse, Covering the surface with impermeable material is
also recommended (e.g., clay layer), making infiltration of pre-
cipitation impossible into the disposal interior and o reclaim
(revegetate) the surface as soon as possible, When mixed
wastes are stored, it is recommended that coarse wastes be
placed on the bottom and a fine material on the top of the disposal
to reduce further *he infiltration rate.

There arce limits to the above methods, including whether
several waste levels must be filled successively and immediate
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reclamation is impossible. In some cases, a temporary sealing
of the surface with a plastic sheeting, or total sealing of the
bowl of the open pit is recommended.

Relevant decisions should also depend on the required degree
of groundwater protection and on spatial relations of the dispo-
sal to the protected object,

For the openpits of type l-c and I-d, the hazard is similar but
smaller, Therefore, the recommendations are similar, but less
restrictive,

In the openpit of the Il-a type, one may store coal refuse
without any greater limitations.

In openpits of the Il-b type, the storage of any kind of wastes
will cause a deterioration in quality of the groundwater. This
pollution is directly dependent on the amount of water flowing
through the disposal, and so will be affected by the relationship
of permeability of the disposal and of the surrounding aquifer.
In this type of disposal, the pollutants will flow through the
entire aquifer. Further, the waste can be stored only when the
degree of required protection will be of the 2nd or 3rd

rank, and when the forecast shows that the permitted pollution
in a given point is not expected to be exceeded. When the
1st degree of water protection is required, or when the

permifted pollution level is exceeded, preventative means are
necessary, including:

- vertical sealing diaphragm, down to the impermeable

__layer, made by digging and filling with impervious__.. .. . ...

material or by grouting method,

- protectlon of slopes with xmpermeable plasnc sheetmg, or
sprinkling with substances, which when coagulated set an
impermeable layer (this bonding is possible only when the
disposal bowl in the course of storage is not filled with
water),

- Dbarrier of wells pumping polluted water back to the disposal,
which is only partially effective,

The selection of a preventive method should be based on a
cost benefit analysis. :

In the openpits of the Il-c type, one can store all kKinds of

coal wastes when the water protection is of the 2nd or 3rd
degree., Due to the balanced hydrostatic head and no impact
from the density difference of pure and polluted waters, there
will be no significant vertical migration of pollutants. Such
migration will take place only from dispersion. Within the aquifer
these pollutants will occur exclusively in its upper-most part.
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If the total disposal is filled with water, the recommended solution
would be a clay sealing of the disposal bottom, by spreading clay on
the surface of the water. The sinking clay would form an
impermeable layer on the pit bottom. When the insulation treatment
is to be made on a dry disposal, then impermeable sheeting or
sprinkling with a sealing substance can be used.

In the openpits of the II-d type, the storage of coal wastes will
always lead to pollution of groundwater. In the case of 1lst degree
protection of the groundwater, the disposal must always be
insulated, no matter what type of coal waste is stored. Such an
insulation may have a static character (sealing the floor and the
slopes with impermeable sheeting or through sprinkling with a
sealing substance), or a dynamic character (in a form of a barrier
of wells barring the contact of polluted and pure waters). If in
the course of sealing, the openpit is filled with water then there
is no possibility to use the sheeting or sprinkling and only clay
sealing may be employed. To meet 2nd degree requirements of
groundwater protection and when there is waste material that is both
permeable and nonpermeable, it should be stored selectively. The
material less permeable (e.g., flotation silt) should be placed
close to the slopes and the bottom of the disposal, and the coarse
material in the disposal interior. This limits permeability of the
disposal, thereby, limiting permeability of its outer layer. This
in effect will allow smaller quantities of pure water to c¢ome into
contact with the waste. Morecver, in this situation, the pollutants
as a result of groundwater flow, will have a tendency to concentrate
in the uppermost section of the aquifer.

XIII. When considering the relationship between the planned disposal site and
the protected part of the aquifer the following applies:

if the protected part of the aquifer is situated upstream of the
groundwater flow, a 20-meter protection zone should suffice, since
the dispersion influence will not exceed this limit,

if the protected part of the aquifer is situated in the zone of
indirect influence of the disposal, then such disposal can be
planned without protection where the 2nd degree protection
requirement applies. However, this is not acceptable when the lst
degree of protection is required,

if the protected part of aquifer is located in the zone of direct
influence of the disposal, i.e., downstream, then this disposal
cannot be considered without providing protection, unless an
appropriate model will indicate that this is permissible.



DESIGN OF MONITORING WELLS AND CONTPOL PERFO"MPJ‘ICES

Monitoring of the disposal influence on groundwater quality can be
performed through sampling and analy21ng water from monitoring wells, or
shallow probes, and from natural springs, where possible. There are no
available remote sensing methods which would enable measurements of
groundwater quality without direct access to them. However, some simple
measurements could be made automatically in the wells (e.q.,
temperature, conductivitv). _

Depending upon local geological conditions and on requirements of the
scope of inspection, there can be 1-3 monitoring pipes arranged in
boreholes to sample different aquifers or for sampling different levels
of the same aquifer. When more than one pipe is installed within a
drilled well, total insulation is required.

When necessary (e.g. in case of aquifers of great thickness) to
determine the contents of pollutants in vertical zones, then a single
pipe monitoring well suffices for the zonal sampling., This should be
used only when high precision is not required,

When disposal is totally insulated from the aquifer, the monitoring
system should only determine the disposal’'s isolation, Wells should
be spaced along its circumference., The wells’ distance from the
disposal verge should be not more than 20 m upstream, 30 m in
the intermediate zone and 50 m downsiream in the groundawater,
The spacings between the wells should be smaller downstream,
greater in the intermediate zone and greatest upstream., The respec-
tive numerical values can be a ratio of 1:3:5, Locating particular
wells should be based on the analysis of effected sealing and on
the hydrodynamic water heads’ distribution,

Location of monitoring wells, where disposal will impact groundwater
guality, should be based on the following:

- the hydrodynamic water heads’' network,

- the spatial structure or the aquifer and its transmissivity,

- the existence of flumes (lineaments) confirmed by remote
sensing

- the reciprocal spatial relationship of the disposal and the
protected zone,

When the entire aquifer is to be investigated only a few wells may
be located in the zone of indirect influence of disposal. Where the
disposal is impacting downstream groundwater, the consecutive
wells should be placed at distances gradually increasing i.e.:

1st  well 50 to 100 m from the edge cf dLSposa_l sﬂce
2nd well 100 to0 300 m 1] " m "
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12,

3rd well 400 to 700 m from the edge of disposal site
4th well - 800 to 1500 m " " " " " "

The wells in this direction should be located along the lines of

a stream with the greatest hydraulic dipping or along the flumes
(lineaments)., The lines of monitoring wells (one to four) should
be placed within an area encompassed by streams that could come
in contact with the disposal. When controlling a specific part of
the aquifer, the monitoring wells should be located along one or
two lines between the disposal and the protected part. The lines
should be located on the basis of hydrodynamic criteria or along
the lineaments if any. Distances between the wells can be similar
as on the previous example.

The monitoring wells should be drilled by the dry method, or by water
washing. Drilling with the application of other fluid washings is
inappropriate because it may lead to a colmatation of the zone near the
well giving entirely erroneous conclusions. This results in groundwater
flowing around the less permeable zone of the well, hindering the
exchange of water between the well and the surrounding aquifer. The
recommended filter diameter is from 4 to 6 inches.

In the course of drilling, the lithological log of all layers should
be determined accurately. Levelling of the stabilized groundwater
table, and tests to determine the permeability and the specific vyield
of all tested aquifers should be executed,

The water sampling from monitoring wells should be conducted after
removal of 1-3 fold volume of water. Additional removal of water from
the well can change the natural flow, whereas not removing the water may
cause the sampled water to be in extended contact with air or with the
well casing. The samples may be collected by way of pumping or manual
scooping.

For the investigations of the unsaturated zone, and for the com-
pacted rock material characterized by wvery fine pores, one may
use (only in the course of drillings) soil or rock material samples
taken for centrifuging to obtain micro-samples of water,

Transportation, preservation, fixing, and the method of analyses
performed on water samples should meet the appropriate standards.

The water sampling connected with measurements of the water table
position should be carried out with a recommended frequency:

- Dry Type disposals, once a month
- Wet Type disposals, every 3 months,

For Dry Type disposals, full analyses of groundwater shouwld be
made every 3 months (around 40 designations), and the remaining
monthly analyses may be shortened (about 15-18 designations
specified on the basis of filtrate analvsis acquired in laboratory).
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14.

Due to the frequency (particularly in developed regions) of signi-
ficant fluctuations of groundwater quality by various activilies

(e.g. fertilization, dust emission), it is essential to possess refe~
rence data, which can be:

- a minimum one year cycle of the groundwater’s analyses made
prior to storage for the entire aquifer or;

- when considering one part of the aquifer, using references
from groundwater analyses from a part of the aquifer that does
not undergo the influence of the disposal.

The results of groundwater tests should be periodically (minimum
once a year) tabulated and discussed, to draw conclusions and
to propose appropriate recommendations,

FURTHER RESEARCH

The most important problems to be solved in the next phase of

research are:

1.

Application of remote sensing (satellite and aerial photography)
to determine the lineaments of migrating pollutants,

Investigation of a water balance for diSposé.l for different types of
waste and in various climatic conditions,

Investigation of flow of pollutants through the diSposa.l itself and
through the zone of aeration,



SECTION 4

PREVIOUS RESEARCH SUMMARY

This project was developed as a result of an earlier study publis-
hed in a report entitled: "Effectis of the Disposal of Coal Waste and
Ashes in Open Pits",* Therefore it is necessary to present the results
and conclusions from that study, which resulted in the scope and form
of this project.

The aim of the first project was:

- to determine qualitatively and quantitatively the impact of coal
refuse and ash storage on groundwater quality,

- to determine spatial and temporal interrelationships of the dispersion
of pollutants,

- to suggest some improved methods of storage, and

- to prepare recommendations for tests, proghoses, and control
systems,

The project was based on field investigations of test disposal sites,
laboratory analyses of water and wastes and model tests,

The test site had a waste volume of 1500 m3 and was located on
a sand layer with a filtration coefficient about 50 m/24 hours, The
groundwater table was a few centimeters below the sand surface, i.e.
just under the bottom of the waste pile. The stored material consisted
of 70 percent coal refuse, and 30 percent ash from a coal fired power
plant, Within the disposal area and in its immediate vicinity, 12 monitoring
wells were constructed.

Water samples from these wells were analyzed every three weeks
for 15 months. The level of the water table was measured at the same
time. Also, a comparative sample of groundwater was taken prior to
entering the zone of disposal influence., These tests were then conduc-
ted at 6 week and 3 month intervals for the next 15 months. Throughout
the test period, local precipitation was observed by a nearby hydrometeoro-
logical station. This was important because the waste was being leached
by the rain water and the pollutants carried to the underlaying aquifer,
In addition to the field tests, the wastes were leached in laboratory
columns at optimum saturation conditions, with the object to obtain maxi-
mum possible concentrations of components in the leachate. All water

# - Research and Development Series, EPA 600/7-78-067, April 1978
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samples were physico-chemically analyzed to obtain 17 parameters,
and every third sample set was analyzed for 45 parameters, including
heavy metals,

The first indications of pollution were found in the immediate sub-
soil of the disposal site after one month of storage. The major pollutants
were found downstream in the groundwater after a heavy period of rain,
about 7 months after storage.

Maximum increases in concentration of pollutants in the groundwater
affected by disposal were as follows: TDS, 200 to 2000 mg/dm3, sodium
from 3,0 to 500 mg/dm3, chlorides from 10 to 400 mg/dm3, potgssium
from 2.0 to 40 mg/dm3, magnesium from 10 to 30 mg/dm3, sulphates from
100 to 900 mg/dm=°, phosphates from 0.05 to 0.3 mg/dm3, boron from 0,2
to 2.0 mg/dm3, molybdenum from 0.005 to 1.0 mg/dm3, copper from 0,003
to 0.2 mg/dm3, strontium from 0.07 to 0.4 mg/dm3, cadmium from 0,002 to
0.005 mg/dm3, cyanides from 0,002 to 0.008 mg/dm3. No increase, howe-
ver, was observed in the content of iron, manganese, aluminium or
chromium, Increases in the content of zinc, mercury and lead were
doubtful,

In general, during 21/2 years 11,500 kg of pollutants, i.e. 0,7 percent
of the disposal volume, and about 70 percent of all soluble substances
were leached out of 1500 m3 of waste.

The main bulk of the pollutants (90 percent) moved in the direction
of the greatest gradient of the groundwater table, and only 10 percent
in the direction of smaller gradients of the water table,

To investigate some aspects of the problem, which couldn’t be
determined in the field, a special research program was carried out
on soil models and on analog models, It was found that:

- Within a 2 percent difference between the density of polluted water
and pure water, no vertical migration of the polluted water had been
found below the disposal site;

- The main migration occurs in the zone closest to the groundwater
table and in the zone of capillary rise; this segregation is greater,
the smaller the doses of polluted water reaching the groundwater
table;

- If the disposal site is less permeable than the surrounding aquifer,
the flume of pollutants leaving the disposal site has a tendency
io narrow;

- Local depression of the aquifer floor increases the thickness of
the pollution plume, while local elevations cause thickness reduction.

On the electrohydrodynamic (EHDA) analog model the main flumes
of pollution in the aquifer and times of pollutants occuwrence in particular
wells around +rhe disposal were predicted. From the akove research
recommendations in the following groups of problems were made:
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Classification of the wastes,

Methods for laboratory analyses of wastes for preliminary
evaluation of their impacts on groundwater,

Classification and evaluation of disposal sites,
Planning and designing of disposal sites,
Designing of monitoring systems and control work,

Directions of further studies for the ultimate solution of the
problem,

The above analysis showed the need to continue the research on
a full scale basis for a long period of time, Thus, the main goal of
this work was to wverify these results, conclusions and recommendations.
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SECTION 5

DESCRIPTION OF THE DISPOSAL SITE

LOCATION

The test disposal site was located in an old sand pit situated in
Boguszowice, about 200 km southwest of Wroclaw. The sand was
exploited for backfilling of underground bituminous coal mines until 1969,
The site comprises three pits which have the total capacity of about
3 million m3. The main (central) pit had a capacity of about 1.5 mill.m~,
and has been abandoned for nearly six years, The western and eastern

pits were smaller. 13875 coal wastes from a bituminous coal :
mine located in the vicinity have been disposed of in the pits.

The disposal site is situated on a morphological elevation. The
natural surface elevation varies from 275 - m to 280 m above sea level.
The terrain slopes away in all directions (Fig. 5-1). One km to the
east the land is about 255 m above sea level, and in the north the
same elevation is observed at a distance of about 300 m from the diss
posal site. To the south and west the terrain declines gently and has
respective elevations of 265 m and 275 m above sea level., The surro-
unding area is covered with meadows and arable fields, and at a dis-
tance of about 1 km toward the east there is a forest,

CLIMATE

Since the disposal site was located above the groundwater table,
the amount of precipitation (which is the source of the aquifer recharge
as well as the medium for pollutant leaching and transportation into
groundwater) was of great importance in the investigation. The presen-
tation of these data should be helpful for applying the research resulis
to different or similar conditions in other regions of the world,

The average precipitation for the region during the investigated
period was 788.0 mm and varied from 633.,0 mm (in 1979) to 958.6 mm
(in 1975). Daily and monthly precipitation values have been summarized
in Tables 5«1 to 5-5. The highest monthiy precipitation was observed
in August 1977 (156.5 mm) and the lowest in February 1976 (3.6 mm).
The maximum daily precipitation (62.5 mm) was observed in August
1975,

Less important but also significant is temperature which affects
evaporation rates., The average daily air temperatures during the investi-
.gated period are provided in Tables 5-6 to 5-10. From the tables it can
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Fig.5-1 THE SURFACE MAP OF DISPOSAL AND INVESTIGATED AREA
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Table 5-1.

The Daily and Monthly Sums of Precipitations

e e
(in mm)
19758
Day
Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep. Cct. Nov. Dec.

1 28.3 2,3 . 5,9 24,9 0,1 . . .

2 . 4,5 . . . 2,6 . 0,2 0,0 . . .

3 . ] . . 0,0 3,0 0,0 2,0 0,6 0,0

4 3,2 . . . 0,0 . 0,2 . . 0,1 0,0

5 3,5 . 0,5 1,0 . ; 8,3 €8,5 5,9 . 2,1

6 0,0 . 1,0 0,0 . 0,0 . . . 1.1 a1 5,0

? 0,0 2,5 . 7,0 . 5,7 . 2.2 0,0 5,8 0,8 .

8 1,2 . . 1,4 10,3 . . 2,3 . 0,2

9 . . 1,2 1,4 . . . 4,0 . .
10 . . . 18,0 . . 12,4 0,0 . 0,2 . 0,0
11 , 1,3 0,0 . ) . . 0,6 0,0 0,0 .
12 . . 9,8 0,5 . . 0,4 0,4 18,0 0.4 . .
13 0,0 0,7 5,5 ,0 . 0,3 . . 0,6 0,8 . 0,0
14 . 1,1 0,0 2,8 . . . . 33,2 15,8 .
15 . . . 5,6 . ) ) 10,4 2.6

16 . . 1,5 4,7 ] > 10,5 26,5 2,8 . .
17 . . 14,6 7.9 . 1,0 . 8,8 0.1 0,0 11,1
18 . 0,4 . 0,3 . 11,4 0.4 62,5 . 22,1 10,6 .
19 . 16,1 3,7 . 2.8 1,0 4,5 1.0 . 5,5 3.1 0,0
20 . . 1,0 . 21,4 35,0 5,5 5,9 .
21 . . 0,6 5,2 8,0 8,8 1.7 0,2
22 . . 0,0 . ) 2.9 1.8
23 ] . . . 0,5 1,6 . . . .
24 0,0 . 2,0 . 1,1 17,0 0,0 . . 0,5
25 1,7 . 0,4 0,6 25,1 9,0 14,4 8,4 . . . 4,2
26 0,0 5,5 0,0 0.8 . 4.5 20,0 8.5 . . 11,5
27 . 0,6 . . . 1,8 ) . . 3,2
28 0.3 . 15,9 . 24,4 1,3 . 0,0 1,4 .
29 0,5 . .. . 1,3 . . 1,8 . . .

30" 24,1 . 7,1 6,0 16,0 2,6

31 . 1,0 4,8 . .

Monthly 38,7 27,6 86,4 56,4 45,6 121,8 140,6 152,0 96,2 110,9 15,6 42,8




The Daily and Monthly Sums of Precipitations

Table 5-2.

{in mm)
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The Daily and Monthly Sums of Prec
(in mm)

Table 5-3.
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Table 5-4. The Daily and Monthly Sums of Precipitations
(in mm)
Day R 1978
Jan EFeb. Mar, Apr, May Jun, Jud. Aua, Sep. Oct. Nowv. Dec,

1 0.0 . . . 14.6 . 6.5 . 0.8 6.4 . .

2 0.4 . . 1.9 0.4 . 1.1 . 4.8 . . .

3 0.5 . . 0.0 0.3 . ©0.5 . 2.8 . . .

4 . 0.3 . . . . 5.1 0.7 0.6 8.1 . .

5 0.2 . 1.4 . 0.4 13.6 15.5 0.5 . 0.2 .. 0.3
6 5.3 . 1.2 . . . 1.5 . . 3.0 . 0.1

7 0.6 5.2 . . 8.8 1.4 0.6 =1.3 3.8 . . .

8 . 1.6 1.2 . . 2.4 14.5 32.1 2,3 . . .

9 . 0.3 9.1 . 1.2 3.0 5.3 20.2 2.0 . . 6.1
10 . . 3.1 0.3 0.3 2.1 6.6 6.1 19.2 . . 2.6
11 . . 0.0 . 2.5 . . 2.6 8.3 . . .
12 . 3.4 0.0 7.2 . 1.8 4.8 . 12.6 . . 0.2
13 0.0 . 2.3 18.6 0.2 0.6 0.1 . . . .
14 0.4" . . 2.0 . 5.0 1.6 . 8.6 . . 0.2
15 . 0.9 . . . . . . 0.2 . . .
16 . 2.0 2.9 . 3.9 . . . . . 0.0 0.2
17 . . 3.7 0.3 3.8 2.8 . 19.1 . . . 0.2
18 . . 0.3 0.2 . . . 15.1 . 7.7 . .
19 . . . 1.6 . . 0.0 15.8 1.1 6.8 . .
20 . . 1.3 7.6 . . 0.2 0.7 1.6 0.7 . 6.3
21 . . 2.0 0.3 0.8 2.9 2.8 . 2.1 0.6 . .
22 . . 0.5 0.0 7.3 0.8 ) . 11.2 5.6 . .
23 . . 0.9 2.1 3.2 0.3 . 19.8 5.5 2.3 . .
24 0.6 . 0.9 0.0 12.1 13.1 0.5 1.3 . . .
25 1.7 . . 0.3 4.2 1.9 . 0.6 . 12.8 . .
26 0.0 . . 0.5 7.8 . . 0.5 0.5 2,7 .
27 0.4 0.0 . . 12.5, 0.2 . 0.0 0.0 . 11.8 2.9
28 . . 0.3 0.0 1.1 . . . 0.8 4.7 0.7 3.0
29 0.4 - . 1.5 11.2 . . . 1.3 2.8 15.1 6.3
30 - - . 5.6 . . . 3.0 2.0 0.9 12.1 2.8
31 0.0 - . . - . - 2.0

Monthly 10.5 17.2 311 49.6 89.3 59.4 70.4 148.1 93. 4 62.6 42.4 35.2




Table 5-5, The Daily and Monthly Sums of Precipitations
(in mm)
197 9 .
Day Jan. Feb., ‘Mar. Apr, May' Jum, Jul. Aug. Sep. Qct. Nov. Dec.

1 1.7 . 0.8 . Q.0 . 0.7 - N 1.3 6.7

2 ‘3.0 1.5 0.2 . 13.2 . . . 3.5 .

3 3.5 . . . 5.4 . . 1.3 0.8 . - .

4 1.5 . 3.0 0.6 . . B 12.3 5.9 . . .
5 0.6 4.2 0.0 4.5 7.9 0.8 . 0.5 0.9 0.5 0.9
6 . . 14.0 0.3 . 2.9 . . . 1.6 .
? . 2,2 6.6 6.8 . 0.4 6.0 0.0 . . . 0.7 0.9
8 . 3.5 2.5 0.3 . 0.0 9.5 1.2 . . Q.3 1.2
9 4.7 N . - 2.9 . 2.4 4.2 2.3 B 0.2 0.9
10 0.0 . 3.8 N . . . 5.9 . . - 0.6 12.3
w 11 . 11.5 2,8 0.4 - . . . . 2.0 4.6
O 12 . 6.3 3.5 . 8.9 . 0.1 . . 1.6 1.0
13 . Q.2 2.1 . . . . 0.8 . . ' 0.3 .
14 2,7 . 1.2 . . 13.5 . 4.2 . 0.? 6.5
15 5.8 3.0 . . . 0.0 0.6 . 2.8 . 1.1 3.8
16 1.6 2.4 9.0 . . 3.9 2.1 . . . 6.1 .
17 .. 1.3 ) 5.2 6.7 . 7.4 0.4 . . 13.0 9.1 5.2
18 0.7 0.3 0.2 0.3 . 1.8 . . . 3.7 5.3 0.8
.19 - . 1.1 0.0 0.3 5.8 4.8 . 1.3 3.4 0.3
20 5.5 . 0.0 . . . . 0.3 . . 0.5 3.1
21 6.7 . J 0.3 0.9 1.1 . 0.5 0.6 0.4 1.3
22 . . 2.0 . . 0.0 . 0.0 8. . .
23 . . . . . 0.0 . . 4.8 . . .
24 8.4 1.3 . 0.4 . 0.0 2.6 a.5 15.0 . . 4.5
25 - 2.8 . 2.9 23.9 0.0 9.1 T4 0.7 B . 1.1
26 . . 0.1 0.2 0.2 3.0 1.3 3.6 . 2.1 .
27 . . 3.5 6.7 . . 0.6 Q.5 . . 0.3 .
28 9.7 0.1 . 5,2 1.7 2.9 . . 0.7 . 6.6 .
29 12.4 2.6 1.2 . 1.7 1.0 . 9.5 4.6 3.5
30 2.3 1.3 5.0 . 5.5 . 0.4 3.8 .
31 3.0 6.3 . . .
Monthly 85.3 32,1 61.0 55.1 61.4 43.2 52.0 . 51.9 38.2 37.5 546.3 59.1
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Table 5-6.

The Average Daily Temperatures
(in centigrades)

Day 19 7 5 N
Jan Feb. Mar. Apr. May Jun Jul. Auad. Sep. Oct Nowv. Dec.

1 1,2 1,9 3,0 1,8 10,1 7,3 12,4 18,2 19,6 19,4 3,7 4,6
2 3,0 3,6 - 5,2 4,5 11,2 6,6 19,8 16,4 20,1 15,8 4,0 5,8
3 3.4 0,4 7.4 5,8 10,3 11,7 20,2 16,7 20,0 15,4 7,7 4,4
4 2,1 ~2,5 6,2 9,2 8,8 12,8 20,0 18,5 19,5 13,3 7,6 4,4
5 3,8 -3,3 9,1 13,3 11,0 11,3 20,4 16,4 17,7 10,0 2,6 2,9
6 6,1 =2,9 7,2 13,5 14,8 10,8 20,3 19,1 14,8 12,3 6,9 4,1
? 5,8 24 7,8 8,1 18,2 12,6 19,6 20,6 15,1 11,0 6,5 0,9
8 0,3 -2,2 8,0 7,5 18,1 12,2 20,0 21,2 13,0 3,5 7,0 2,4
9 -1,4 =3,6 9,8 7,2 14,7 L 4,8 21,4 22,0 11,4 6,7 4,0 2,6
10 1,6 0,1 11,5 6,2 14,6 10,2 21,2 20,7 13,1 540 2,6 1,5
11 4.4 1,7 10,2 3,2 14,7 17,2 20,7 21,6 16,0 1,0 0,8 -0,4
12 5,5 4,0 8,0 3,1 15,8 18,7 21,1 21,0 13,9 3,0 Q0,9 -1,8
13 5,2 3,6 6,2 4,2 12,1 20,2 20,4 15,6 11,8 5,9 1,7 0,8
14 5,0 3,2 4,5 1,6 13,1 18,3 22,3 14,6 14,6 10,0 3,5 -0,1
15 5,1 -1,7 6,6 9,8 19,4 21,06 24,0 16,8 17,4 1,8 3,9 -3,4
16 5,0 -5.5 7,0 9,5 16,1 21,3 23,7 19,4 18,6 9.5 3,1 ~2,5
7 4,1 -5,9 1,6 5,3 18,2 14,3 20,0 20,1 19,4 8,7 2,2 0,1
18 5,1 -1,1 1,4 5,2 18,3 13,8 18,4 12,7 20,2 7.8 749 -3,3
19 6,0 0,1 5,2 6,4 20,4 15,5 18,3 16,5 18,0 8,6 - EAS] -11,9
20 5,2 0,1 6,2 7,2 15,9 19,1 15,6 17,2 16,8 6,8 Yol =3,2
21 3,6 ~0,5 -0,3 7,7 15,2 19,4 13,3 17,7 16,2 8,0 Uy -1,6
22 3.2 -5,0 -0,2 7,8 12,9 20,7 18,0 14,7 15,8 9,8 ~0. 4 2,3
23 2,8 ~2.4 1.5 8,2 3,4 20,3 20,3 19,1 14,7 10,6 -2,6 2,4
24 4,8 1,9 1,0 9,9 11,2 21,8 20,7 16,4 17,4 8,0 -3,9 2,0
25 1,0 ~0,4 2,2 6,0 11,5 19,6 13,5 17,8 16,4 3,8 -8,4 1,7
26 4,3 -1,6 1,5 5,8 11,4 18,7 12,6 18,2 18,2 3.2 -9,8 0,1
27 1,4 -0,4 2,1 7.7 13,5 19,8 14,3 17,2 14,9 5,2 -5,9 4,0
28 0,2 0,8 7,4 9,0 16,0 16,7 14,2 16,0 16,8 4,8 1.4 2,9
29 1,2 4,1 13,0 17,2 12,9 20,2 17,2 19,2 6,4 3,0 2,7
30 1,4 2,8 12,6 15,2 13,2 18,6 18,1 18,8 8,1 3,2 -0,7
31 2,2 - 1,1 10,9 18,7 19,0 5,1 Qe
Monthly 3.4 -0,7 25,0 7.4 14,2 16,1 18,9 18,2 15,8 8,4 2,3 9.7

average




Table 5-7. The Average Daily Temperatures
(in centigrades)

Zt

197 o
Lay Jan Feb. Mar. Apr. May Jun, Jul, Aug, Sep. Oct. Nowv.
1 1.7 -8,4 5,2 11,8 2,2 10,7 20,8 14.8 16,7 3,7 5,4
2 2,0 2,0 3,4 12,4 9,6 11,0 19,7 14,1 15,8 10,6 6,1
3 3.3 -8,5 0,5 15,2 13,2 11,3 20,6 14,5 12,6 14,1 7.4
4 ~0,5 -2,8 247 12,5 14,6 9.6 22,0 14,5 11,4 16,1 9,4
5 -2,8 -1,6 ~5,6 12,4 14,0 13,0 18,8 14,0 11,5 13,5 10,4
5 0.7 <5,6 3,4 12,4 13,8 14,2 15,6 14,2 11,0 12.8 12,1
7 -2 -5.5 -4,6 7,0 14,2 12,2 12,0 13,8 13,9 15,0 12,1
8 1,2 7.2 -4,1 4,0 14,1 * 18,1 17,0 14,4 15,0 15,6 9,4
9 2,7 -4,6 -1,5 4,0 16,4 14,9 16,0 15,6 15.8 14,6 8,9
10 2.6 ~3.4 -3,0 3,8 17,1 12,7 14,1 17,8 14,8 15,3 10,0
11 3,5 -2,1 -4,8 4,8 17,4 14,4 17,4 17,5 11,3 15,9 14,3
12 8,1 -2,8 -3,9 6.4 16,7 15,8 20,0 17,0 11,2 15,6 10,5
13 2,6 4,2 -1,2 a,5. 14,7 16,4 21,3 16,6 17,0 17,2 8,2
14 ~0,3 -1,4 0,3 9,6 2,6 14,2 20,9 14,2 19,8 15,8 7,3
15 ~-0,4 1,1 1.4 7.4 9,3 10,2 N 19,4 15,6 13,0 11,7 5,0
16 5,7 -0,2 3,8 9,6 13,2 11,8 20,7 16,2 13,6 6,7 3,2
17 ~2,0 1,7 2,6 10,7 14,4 11,9 22,6 17,0 11,7 1,6 342
18 3,8 1,0 0,1 11,2 16,2 12,2 25,0 14,8 11,4 2,8 3,3 3,8
1w 1,0 1.3 -0,1 12,6 16,2 20,0 25,5 14,3 11,4 4.8 2,9 2,1
20 2,0 2,0 ~3,9 11,2 16,5 21,0 24,5 14,6 9,3 4,8 1,7 2,8
21 3,2 1,2 -5,3 8,0 14,9 20,1 22,7 13,2 10,1 1,3 21 1.4
22 1,7 0,2 -4, 3,0 10,1 18,8 16,9 13,0 10,0 5,4 2,0 2,4
23 3,2 0,0 -4,1 2,0 12,1 18,4 15,5 13,4 12,2 7.5 ~0,6 1,7
24 0,4 1,2 -2,6 6,3 10,4 18,5 14,8 14,0 11,5 4,7 0.0 -1.2
25 -3,9 ~0,4 1,4 5,3 15,4 19,7 14,2 17,0 12,0 5,6 -2,.3 -3,2
K w4 4,2 5,0 5,6 16,6 20,0 18,2 18,6 7.8 5,1 0,0 -6,0
27 ~7,0 5,5 5.1 5,9 12,4 21,8 17.6 19,2 .2 7.2 3,2 -5,8
24 ~7.5 4,5 4,8 2,1 11,8 22,5 18,2 18,6 15,2 1,2 3,8 -2,0
29 -8,3 5,7 3,8 1,6 <11,9 22,6 15,2 19,5 17.1 7.9 4,1 -39
30 ~7,6 8,9 4,3 13,4 21,2 17,6 19,4 12,6 11,4 5,3 -3,5
a1 -8,0 8,2 11,8 19,5 18,9 9,5 7.0
Monthly ) o 1,5 0,1 7.8 135 1 5
-0, -1, . . , 6,5 19,0 15,8 13,0 9,7 5,6 -0,

average .




Table 5-8. The Average Daily Temperatures
(in centigrades)

e

Day 19771
Jan. Feb Mar Apr. May Jun Juld. Aug Sep. Oct Nowv Dec

1 ~3,7 -4,5 -1,0 1,6 20,2 7,6 17,0 15,4 20,8 11,6 6,8 -0,9
T2 -0,2 -3,8 0,8 8,0 17,7 7,1 16,6 14,0 18,8 9,3 7.2 -2,4
3 1.6 -5,3 3,8 10,0 19,9 9,3 18,6 14,8 19,0 7.6 8,2 -2,8
1 1,2 -4,1 7.1 7.2 21,1 12,0 12,7 16,6 17,8 9,2 13,2 5,0
5 -0,1 0,1 5,2 1,4 21,0 13,9 16,6 18,2 16,5 12,2 10,2 ~2,6
6 -1,3 1,9 5.8 6,3 12,0 14,2 14,8 19,7 17,8 12,1 9,1 4,8
? -1,1 3,2 4,2 8,0 8,9 17,0 12,8 19,2 18,7 14,7 9,4 -3,3
8 -1,3 5,4 5,2 2,4 2,7 20,1 17,6 20,0 17,2 16,5 8,0 -3,6
9 ~3.6 2,4 8,1 0,3 8,9 21,4 17,7 18,7 12,4 16,0 9,4 0.4
10 -0.8 1,5 8,1 -0, 11,5 23,4 15,8 18,1 10,4 14,8 9,3 -3,7
11 3,4 5.4 7.7 -0,3 10,4 23,6 17,4 17,5 11,2 12,8 12,2 -5,4
12 5.8 5,2 10,9 0,2 15,3 20,8 18,4 17,0 18,1 10,8 12,9 -5,2
13 1.3 2,0 8,4 3,9 15,8 22,3 20,4 18,0 11,7 10,7 6,9 -2.8
14 .1,2 0.8 8,4 5,4 12,4 22,8 19,0 17,0 9,2 9.7 3.8 ~1,0
15 1,3 -0,2 8,5 4,0 11,8 20,0 13,9 15,9 11,6 7,4 6,6 1,7
16 0,2 ~0,2 6.2 3,7 11,2 20,8 15,2 13,6 7.9 5.2 5,2 1.4
17 -2,6 -1,0 8,8 5,2 9,4 21,6 16,1 13,2 7,8 6,3 3,9 0,2
18 -1,0 8,8 5,2 11,2 21,9 17,8 17,1 6,8 9,6 3.0 -2,5
19 5,5 9,2 3,6 13,4 19,4 16,8 16,2 6,8 10,6 3,0 ~3.4
20 8,3 8,7 4.3 21,4 16,6 18,3 14,9 8,0 7.8 3,0 ~2,6
21 B 9,0 9.3 7,9 15,2 17,2 14,8 16,6 9,0 7.1 4.4 -1,5
22 £ 7.2 10,0 12,0 8,4 17,1 15,0 15,0 8.3 8,5 5,4 ~1,3
23 o 3.9 10,0 13,2 9,3 17.6 16,4 11,7 10,1 11,6 3.5 ~1,2
24 - 6,2 11,6 10,6 11,7 18,2 18,8 12,9 9,2 11,8 4.8 0,2
25 ° 1,4 10,7 5,5 13,1 20,4 23,2 13,8 6,2 12,0 4,7 4,3
26 f, 3,4 9,3 8,7 744 19,0 16,4 14,7 6,2 11,5 0,9 2,8
27 g 2,7 8,4 11,1 8,9 15,7 16,5 17,4 4,8 10,4 1,5 3,9
28 -4,7 10,1 10,2 11,3 15,3 - 17,4 16,8 5,2 8,9 -0,8 3.6
29 -0,7 16,2 14,7 17,1 18,9 17,1 8.1 11,1 -1,3 2,6
30 . ~2,8 21,4 14,1 15,2 19,2 19,1 12,5 10,1 ~2,6 1,9
31 ~2,0 2.2 16,1 20,7 9,2 - -0.2
Monthly 1,7 667 6,7 13,0 17,6 17.3 16,5 11,6 10.6 5,7 -1,1

average .




Table 5-9. The Average Daily Temperatures
(in centigrades)

1A%

Day -
Jan, Feb. Mar, Apr. May Jun, Jul. Aug, Sep. Oct, Nov., Dec.

1 ~1.2 0.8 7.2 11.6 10.4 18.6 17.7 21.6 10.9 9.6 8.5 0.5
2 1.8 1.6 6.4 10.5 10.8 19.1 15.0 22.1 10.6 9.0 5.2 0.7
3 3.3 ~0.7 6.2 2.3 8.2 . 19.5 16.7 19.8 10.6 10.8 4.8 -0.8
Y 1.8 -3.4 7.1 a.1 10.4 19.2 19.2 20.9 11.4 13.8 6.2 ~8.1
5 -3.3 -4.7 8.5 5.6 13.5 18.6 14.2 20.1 13.4 8.2 5.8 -~10.9
6 -4.6 -2.9 3.4 1.3 15.3 19.3 14.2 18.4 13.6 10.9 5.6 ~8.6
7 0.8 ~3.6 0.9 2,2 14.6 19.6 15.4 20.0 14.8 13.2 5.4 -13.0
8 0.8 -5.1 2.7 2.0 12.4 20.3 13.4 20.5 ~12.2 12.3 5.4 -~12.4
9 -3.0 ~6.3 4.0 3.8 10.7 17.4 13.3 12.6 13.0 13.1 3.5 -6.6
10 ~3.4 -7.3 3.4 7.4 5.2 16.8 - 11.8 14.9 13.8 13.9 S 2.2 1.8
11 1.0 -1.4 5.0 10.1 1.7 13.6 15.6 14.6 19.2 12.5 1.2 2.3
12 3.4 1.< 1.1 3.8 3.4 12.6 17.2 13.4 12.5 13.2 0.2 2.2
13 1.4 -3.0 2.2 0.6 5.2 11.4 17.6 14.5 11.0 11.3 -0.7 4.9
14 0.2 -5.8 6.0 1.1 9.2 12.0 17.2 15.8 13.0 11.8 0.3 4.8
15 ~0.8 -2.4 7.8 2,9 9.8 12.6 14.3 17.5 13.8 12.0 2.2 4.9
18 -2.8 -2.8 8.4 2.0 10.2 14.2 13.2 19.5 12.8 10.6 1.3 4.7
17 0.9 -4.9 5.8 3.4 11,0 12,2 14.3 18.5. 15.2 9.8 2.0 -2.0
18 ~0.5 -4.8 1.1 5.0 12,2 12.2 15.6 13.0 13.0 8.6 5.1 -5.5
19 0.0 7.3 2.0 3.7 13.8 13.6 16.1 12.6 11.6 8.4 2.5 ~6.9
20 -3.8 -9,9 2.4 5.0 15,1 16.9 15.8 13.2 7.6 6.2 0.8 -3.0
21 ~6.8 -6.6 1.3 8.1 16.8 17.4 14.0 15.4 8.2 5.0 2.9 ~1.9
22 -~4.6 -3.8 1.2 9.0 16.4 17.5 12,4 16.6 10.2 4.7 3.8 -4.4
23 2.2 1.3 1.2 10.4 17.6 17.7 13.5 18.5 12.2 7.1 7.2 ~3.5
24 1.2 2.8 4.8 10.1 12.6 13.8 14.8 16.9 11.7 8.6 7.6 1.3
25 2,6 7.6 4.3 9.6 14.5 14.8 17.1 15.0 17.1 8.6 5.0 2.4
26 1.8 9.7 1.6 8.1 11.0 12.8 19.0 12.9 12.8 5.9 0.6 ° 3.2
27 1.0 5.6 1.5 9.6 12.5 13.6 20.4 11.8 11.1 2.5 0.1 4.5
28 2.2 5.7 6.4 10.8 14.5 11,9 21.4 11.9 8.8 3.1 <0.4 4.0
29 6.8 - 11.3 10.5 15,2 13.8 21.1 13.2 7.9 2.9 «0.1 8.2
30 ‘3.8 - 12.2 .5 17.0 17.0 20.9 14.3 12.2 9.1 0.2 -2,2
31 0.6 - 11.8 - 18.3 - 21.2 10.8 - 9.2 - -4.8
Monthty 0,0 -1.8 5.0 6.6 11.9 15,7 16.2 16.2 12.2 9.4 3.2 1.4

average




j=1

Table 5-10.

The Average Daily Temperatures
(in centigrades)

19
Day )
Jan. Feb., Mar, Apr, May Jun, Jul Aug. Sep. L Oct, Nov. Dec,

1 -17.0 0.1 -0.2 4.5 6.1 23.4 13.6 22.4 18.0 6.2 -0.6 8.3
2 -10.8 2.5 2.8 5.6 2.5 22.0 13.8 24.0 18.5 4.8 0.1 2.6
a - 9.5 0.2 3.4 6.8 5.3 23.3 14.4 20.6 19.1 4.4 0.0 6.8
4 - 9.6 ~0.6 6.0 8.7 6.6 22.0 15.9 17.7 14.8 6.0 0.2 8.0
5 - 9.6 1.4 2.2 5.6 8.3 21.? 15.0 16.4 13.6 10,2 2.8 7.1
6 ~10.3 1.1 0.7 a5 6.8 21.9 17.0 15.8 12.3 4.5 5.1 7.6
2 -10.4 3.5 4.2 1.6 8.0 21.0 14.3 19,1 13.8 6.8 5.0 5.8
8 - 3.2 -2.2 a2 1.3 10.2 12,2 13.1 21.3 15.6 9.0 5.4 8.6
9 - 2.6 -2.8 1.6 2.2 8.0 18.5 1a.2 18.2 16.4 9.3 16.4 8.2
10 - 1.7 -6.3 2.2 6.3 111 19.0 14.5 17.4 15.9 9.0 4.5 9.0
1 - 1.7 7.4 14 5.4 10.5 19.9 14.7 15.8 16.1 10.8 2.6 8.8
12 - 11 -1.9 3.4 7.2 11.0 17.7 15.5 12.6 15.5 14.9 1.0 0.0
13 - 1.9 0.5 5.2 10.4 13.0 19.6 18.5 13.1 17.0 16.3 2.0 -4.3
14 - 4.5 0.4 3.9 12.5 16,0 16.5 19,7 15.8 15.1 15.8 4.6 -3.8
15 - 31 1.8 2.4 12.0 14.6 16.6 18.0 19.2 11.7 18.4 9.2 1.6
16 - 1.7 4.7 8.1 7.2 18.0 16.2 14.5 20.4 8.1 15.8 8.9 3.6
17 - 3.5 -4.8 a7 8.2 20.6 12.5 13.1 19.8 10.0 12.7 4.0 37
18 - 4.6 -2.2 2.6 2.0 21.2 12.8 15.5 18.6 16.3 10.2 5.1 5.1
19 - 4.2 -1.9 2.8 2.6 22.0 16.2 19.8 16.8 18.3 2.7 5.2 2.3
20 - 5.4  -3.3 5.4 4.7 22.1 16.9 17.9 16,9 18.3 9.1 3.8 -a1
21 - 5.5 4.2 9.7 8.6 23.6 15.9 17.2 16.9 16.0 8.7 4.2 0.4
22 - a5 4.6 7.4 9.4 19.4 14.9 16.4 18.3 11.7 6.2 32 0.8
23 - 2.8 45 6.2 11.3 20,6 18.8 14.1 20.5 11.5 3.6 2.9 8.6
24 0.4 -3.6 3.4 13.5 22.2 21.8 11.2 18.8 10.8 1.3 2.4 41
25 - 1.2 2.4 4.4 11.2 19.3 22.0 13.8 12.8 3.0 0.9 1.2 4.3
26 - 3.7 -3.4 8.9 10.8 15.7 19.1 15.0 13.7 10.6 0.0 0.7 2.6
22 1.3 -4.7 9.2 9.0 20.0 21.9 13.4 13.7 11.4 -0.1 4.7 0.2
28 2.9 4.2 8.4 7.7 16.0 182 16.0 13.0 9.8 0.4 3.4 -0.8
29 0.2 10.0 6.9 16.0 17.5 17.6 11.6 10.8 0.5 6.1 1.4
30 - 0.2 6.6 10.9 172.7 16.5 20.2 13.8 6.3 1.6 9.1 0.2
31 0.6 a1 22.8 20.9 15.6 -0.4 - 0.7
Monthty - a2 2.5 4.7 7.2 14.9 18.8 16.0 17.2 13.8 7.2 3.8 3.7

average




be seen that the highest average monthly temperature was + 19°C and
was recorded in July 1976, while the lowest monthly temperature was
-4.2°C and was observed in January 1979, The highest average tempe-
rature for 24 hours was 25.6°C, while the lowest was -17.0°9C, The
average vearly temperatures were from + 7.8°C (in 1978) to + 9.2°C
(in 1975).

The above characteristics show that the disposal site under investi-
gation was located in a moderate climate typical for Central Europe and
the Central and Northern United States, However, the influence this
climate exerts on the research is comparable to the influence of climatic
conditions on other areas.

GEOLOGY AND HYDROLOGY

Geological and hydrological conditions at the disposal site were
described from 13 wells drilled in- 1974 and 3 wells drilled in 1976 and
1977, The three new wells did not introduce any changes to our know-
ledge of geological and hydrological conditions and their goal was to
improve the monitoring network only, All geoclogy and hydrology are
illustrated in Figs. 5-2 to 5-4. The geologic structure of the study area
include Carboniferous, Tertiary and Quaternary formations and are
described below:

Carboniferous Formation

The Carboniferous formation is represented by tectonically disturbed
shales and sandstones with coal deposits in the Upper Carbon area,
This formation with a thickness of a few thousand meters, was not
encountered in the investigated area by the drilled wells, as it occurs
at a depth of over 100 m, Carboniferous layers are characterized by
irregular water bearing capacity dependent on the lithology and on
fissures. The rocks and waters of this horizon are characteristically
saline, The Carboniferous aquifer has no great importance to this study
because of its great depth and lack of direct contact with the waste,
However, the salinization of the rocks and groundwater within the mine
affects the character of the refuse. This factor is discussed in Section 6,

Tertiary Formation

The Tertiary formation laying directly over the Carboniferous forma-
tion is composed mainly of clays containing small deposits of sand and
gypsum. The thickness of this formation wvaries from 50 to 150M. The
tertiary aquifers exist in small sand deposits with litile horizontal and
vertical spreading. Consequently, this aquifer has a discontinuous
character, with groundwater found in closed reservoirs with only static
resources, and has no contact with the waste,
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Quaternary EFormation

The Quaternary formation lays on the impermeable tertiary subsoil
and is formed from sand and clays 10 - 40 m thick (on the average
20-30 m). The clays prevail in the floor and the roof parts of the
Quaternary formation and sand deposits form its center,

The thickness of the sand wvaries from 3 to 20 m, and in the bottom
of the open pits where the sand was removed from 0 to 8 m. Within
the sand, deposits of silt and gravel appear but they are narrow and
are not wide spreading,

The permeability of the sand was determined using laboratory
methods for all layers differing in lithological respect, For wells situated
in close proximity to the waste, we determined the permeability of all
layers from the surface down to the aquifer floor, and for other wells
only layers occurring below the groundwater table. Values of the perme-
ability coefficients for unsaturated layers near the disposal site were
from 4 to 26 meters per 24 hrs. with respective values of specific yield
between 0.12 and 0.18. The coefficient of permeability for the saturated
part of the aquifer tested was extiremely variable with limits of 1 to
33 meters per 24 hrs, although the majority of the layers had permeabi-
lity coefficients from 3 to 10 meters per 24 hrs. The corresponding
values of specific yield are within the range of 0.11 to 0,15. The thick-
ness of the aquifer is between 1 and 12 m.

The groundwater table occurs at depths from 6.5 to 15 m below
the ground surface, In the bottom of the open pits where the sand was
removed, the depth is from 0.2 to 2 m. The absolute values of the
position of the water-table within the disposal site fluctuated within
a range of 262 to 266 m above sea level, and around the disposal
within a range of 250 - 268 m above sea level,

The groundwater table is shown in Fig. 5«5,

Observations of the water table position performed approximately
every 3 weeks indicated that changes in particular wells did not exceed
50 cm. A clear increase in the water table occurred in 1978 (40 to
100 cm) as compared to 1974 and 1975 as a result of increased pre-
cipitation.

Velocities of the flow of groundwater in the region of the disposal
site (computed on the basis of heads distribution and permeability para-
meters) vary between 0,15 to 3 meters per day.

Finally, one more parameter should be mentioned-the coefficient of
infiltration, In an empty open pit without surface run-off and without
continuous vegetation cover, this can fluctuate between 0.6 to 0.8 per
24 hours, and between 0.4 to 0.6 a year. When an open pit is filled
with waste material flush with the surrounding terrain and no vegetation
i3 introduced, these values range from 0.4 to 0.7 and 0.3 to 0.5,
respectively. '

40



<

&

Fig. 5-5 THE CONTOUR MAP OF INITIAL GROUND WATER TABLE

-

E:piamlion
Monuoring weli
0% e wuer welt

2678 Etevunon of GWL n mieters above sea level
Groundwater stream
o= 260 - Comow of GWL

[’Z 52 ZA Disposal orea

Areo rackiumed 1978

PRRELLG Arwa recramed 1979




DETAILED DESCRIPTION OF THE DISPOSAL SITE .

Considerable amounts of sand were removed from the disposal site
during the 1950’s and 1960’s, The sand was used for backfilling in
deep underground coal mines. The abandoned former sand pit was
comprised of three separate pits connected to one another near their
southern end. Two of these pits (Central and Western) were used for
waste disposal.

Central Disposal Pit

The Central pit, where wastes were disposed first, was about 500 m
long and 170 m wide, and had an average depth of 16.5 m, The pit
bottom and slopes were sand, sometimes containing clay and silt. The
thickness of the sand layer in the northern part of the disposal area
has about 7.5 m, and in the southern part it increased to about 9 m,
but in some places decreased to zero. The groundwater table was from
0 to 2 m below the pit bottom,

Western Disposal Pit

The western pit, planned as a reserve disposal area, was about
580 m long, about 150 m wide and had an average depth of about 7 m,
Its bottom and sides were sand, sometimes containing clay and silt.

The thickness of the sand layer in the pit bottom wvaried from about 1 m
at its eastern end to about 6 m in its western end. The groundwater
table was from 0.5 to 3 m below the pit bottom,



SECTION 6

CHARACTERISTICS OF THE DISPOSED WASTES

Continuous disposal of wastes from the adjacent bituminous coal
mine began in January 1975, Approximately 30,000 to 45,000 m3 of
wastes were disposed monthly,

AMOUNTS OF DISPOSED WASTES

Table 6-1 presents the volume of waste disposed in quarterly
periods, as well as the cumulative total. From a total of 2.09 mill. m
of waste material, about 1,51 mill, m3.  was disposed in the central dis-
posal pit, and about 0.38 mill. m°® in the western disposal pit. About
96 percent of the waste material consisted of coal refuse, and about
4 percent of powerplant ashes,

Table 6-2 presents the various surface areas of waste exposed
to precipitation at each of the disposal sites. Between 1975 and 1977,
the surface area of the waste exposed to precipitation and percolation
gradually increased from 30,000 m? to 100,000 m2, Reclamation of the
disposal site began in 1978, This resulted in a decrease in the exposed
surface area in 1979 to about 78,000 m2 despite the fact that the volume
of wastes increased. The surface area is an important factor which de-
termines the amount of water, which by percolation, can contaminate
groundwater,

The reclamation was executed in two phases. 1In the firs; phase, when

the pit was filled to the original level of surrounding area (i.e., 272 tq 281
m above sea level) the surface was very carefully compacted gnd govered with
0.3 m of clay. Then the decision to store more waste§ on this d1§pqs§l was
made. That storage was done above the previous terrain to an artificial
elevation three meters higher than the original surface - it now has
elevations 275 m to 281 m above sea level. So in the second phase of
reclamation the new operations were executed. The disposal‘was‘shaged so that
the sides had a slope of 3:1, and the top flat area had an inclination of 4
percent. The surface was th=n very strongly compacted and because of an
admixture of finely washed mud and fly ash, resulted in concrete character,
Afterwards the shaped and compacted surface was covered by 0.5 to 0.6 mof
clay topsoil. The final reclamation consisted of_the introduction of trees
and bushes on the slopes and grasses for pasture in the flat top area.
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Table 6-1. Volume of Disposed Wastes
Centrai Disposal Pit Western Dizposal Pi‘.

Years Quarier Disposed Disposed  Percentage Percentage| ODisposed Disposed Percentage Percentage Total

during to date coat ashes during ta date coal ahes Cumulative
Quager (m?) refuse . “;""a\ e)r {m3  rafuse m

1 14170 14170 - - 14 170
1975 ) u 42300 56470 96,2 2,8 - - 95,7 43 56 470
m 93810 150280 68200 68200 218 480
v 89239 239519 40160 108360 347 879
v 87250 326769 3480 111840 438 609
u 47200 373969 63120 174960 548 929
1976 w 142941 516910 95.1 49 17360 192320 98,7 4.3 709 230
v 49729 566639 79340 271660 838 299
1 112741 679380 4850 276510 955 890
n 101320 780700 27810 304320 1085 020
1977 nt 69420 850120 96,7 3.3 78430 382750 96,7 33 12328 820
I\ 103269 953389 16440 399190 1352 679
1 120100 1073489 4770 403960 1477 449
u 112745 1186234 7320 411280 1597 514
1978 m 91112 1277346 93,9 6.1 11120 422400 96,2 3.8 1699 746
v 11046 1288392 65459 487859 1776 251
1 35250 1323642 39200 527059 1850 701
n 69900 1393542 10440 537499 1931 041
1979 I 73450 1466992 95,2 4.8 6900 544399 95,2 4.8 2011 391
v 47718 1514710 35188 579587 2094 297
TOTAL 1514710 1514710 95,4 4,6 579587 579587 95,9 41 2094 297
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Table 6-2,

Surface Area of Waste Exposed to Precipitation

Years Central Disposal Pit Western Disposal Pit Combined
Total Reclaimed Exposed Total Reclaimed Exposed ‘Total Reclaimed Exposed
2 2 2 2 2 2 2 2 ) 2 (

m (1) m (2) m (3) m il) m (2) m(3’ m (1) m (2 m 3)

1975 15’ 256 - 15,256 16’ 173 - 16, 173 31‘ 429 - 31’ 429
1976 34, 056 - 34,056 34, 308 - 34,308 68, 364 - 68' 364
1977 56,156 - 56,156 48,478 - 48,478 104, 634 - 104,634
1978 76,583 12,700 63,883 65, 208 16 000 49, 208 141,791 28,700 113,091
1979 91, 571 35,100 ’ 56, 471 83, 928 62 500 21, 428 175, 499 97' 600 ?7) 899

(1)
(2)
(3)

Total surface in disposal area

Surface area reclaimed by soil covering and vegetation

Surface area of unreclaimed waste




THE QUALITATIVE CHARACTERISTICS OF DISPOSED WASTES

In order to determine the qualitative character of the waste material
with respect to its leachability and pollution potential, samples of the
disposed wastes were taken every 4 to 6 months., The samples came
from recently disposed wastes and represented the material disposed at
that time. About 10 kg of wastes was delivered to the laboratory for
leaching tests,

The wastes were placed in glass columns, 100 cm high and with
a diameter of 12 cm equipped with valves which regulated the rate of
water flow through the waste., The waste was placed in the column on
a layer of sand taken from the disposal floor., The ratic of waste
thickness to the sand’s thickness was about 4:1, The material was
washed using a peristaltic pump with distilled water in a closed cvcle.

Three successive leachings were performed until 5 clm3 of water
had been used. Each of them lasted 24 hours. The leaching rate of the
first test was 1 dm3/hr. and the others were 0.5 dm3/hr. The amounts
of 1.0 and 0.5 dm3/hr. could be theoretically compared with 88 and
44 mm of rain per hour, respectively.

A total of 11 samples (two or three a year) were taken, Each was
leached three times (as stated above) and the leachates were analyzed
to determine pollution potential of the refuse, Detailed results of these
analyses are presented in tables included in the Appendix. The data
presented in these tables indicate that the content of the samples varied
considerably, but the variations were within acceptable limits. Data from
one sample taken in August 1979 differed so significantly from the rest
that they were not used in calculating average values,

The refuse contained large amounts of coal sludge and therefore
large amounts of colloid sediments were found in the leachate. The
sediment at first caused gradual and then complete sealing of the under-
laying sand layer in the glass column. This phenomenon hindered the
leaching tests but may be very important at an actual disposal site,
Dusts and colloids leached out of the refuse could seal up the disposal
site bottom and prevent pollutants from leaching into the groundwater,
This phenomenon which will occur under normal rain fall conditions
will be much slower,

To evaluate the pollution potential every parameter leached will be
discussed, The summary is shown in Table 6.3,

pH_

pH of the leachates were generally alkaline. In most leaching tests
it varied from 8.6 to 92,9. Only in 6 of the samples was it in the range
of 7.3 to 7.9. In 8 samples the alkalinity of the leachates increased
with succesive leachings, In the remaining samples this phenomenon
was nhot observed.
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Table 6-3. Summary of Leachability Tests

Designation Unit Maximum Minimum Average
pH 9.9 7.3 8.4
Conductivity C"‘jé 2140 500 1500
TDS mg/dm3 3372 548 1600

C1 " 479 51 209.2
so, " 230 50 164.6
Na " 357 44.5 243.,7
K " 48 4.1 26.3
Ca " 355,9 5.2 75.9
Mg " 21.85 0.42 7.3
Mn . 2.995 0.035 0.729
Fe " 75.8 0.11 24.65
NHy " 4.46 0.32 1.733
PO, " 3.140 0.036 0.522
CN " 0.066 . 0.003 0.0252
Phenols " 0.088 0.008 0.0282
Al " 38.5 0.175 11.71
Zn " 3.085 0.360 0.883
Cu " 0.925 0.019 0.1974
Pb " 0.271 0.03u 0.1956
Cr " 0.089 0.011 0.0364
As " 0.133 0.008 0.0581
Sr " "2.050 0.037 0.406
Hg " 10.9 0.6 5.17
cd " 0.056 0.005 0.024
Mo " ©0.029 0.003 0.017
B " 3.500 0.095 0.855
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Conductivity

Conductivity of the leachates wvaried considerably in test samples,
ranging from 500 to 2,140 us/cm (most frequently values were from
1500 to 2000 us/cm). Cnly one sample, taken in August 1979, showed
very high conductivity (9,680 usfcm). It was found that conductivity of
the leachates gradually decreased in each successive leaching.
Conductivity in the second leachings were about 3 times lower than in
the first, while in the third they were about twice as low as the second.

Total Dissoclved Substances

The content of TDS in the leachates varied considerably from 350
to 3372 mg/dm3, but in most cases it ranged from 1200 to 2000 mg/dm3,
In only one sample, taken in August 1979, the TDS content was high
(4350 mg/dm3), The average concentration of TDS in the leachates
was 1600 mg/dm3,

The concentration of dissolved substances in the leachates gradually
decreased in successive leachings. The TDS in the first leachings 3
ranged from 288 to 990 mg/dm3, in _the second leachings 154 to 852 mg/dm’,
and in the third, 106 to 325 mg/dm3. In the first leachings 59 percent of
the substances were leached, in the second, 25 percent and in the
third, 16 percent, Since conductivity is an indirect indicator of TDS, the
fact that the two follow the same trends is important,

Chlorine (Cl)

The content of Cl in the leachates varied from 50 to 260 mg/dm3,

and in one sample it was 479 mg/d,m3. The average concentration of Cl
in the leachates was 209 mg/dm3.

In all test samples the Cl content gradually decreased with succe-
ssive leachings. Leachates from the first leachings varied from 30 to
180 mg/dm3, from the second 10 to 87 mg/dm3, and from the third, 5 to
36 mg/dm”., The average percentage of Cl in the leachates were 66 per-
cent in the first leachings, 21 percent in the second and 13 percent in
the third.

Sulfate (S0,)

The content of S0, in the leachates varied from 50 to 230 mg/dm3
(except one sample which had a concentration of 2500 mg/dm:’); the
average was 164.6 mg/dm3, In the first leachings, 33 to 198 m%/dm3
S0, was found in the leachates, in the second, 9 to 50 mg/dm and
in fhe third, 5 to 65 mg/dm3. The percentages were 67 percent S04 in
the first leaching, 19 percent in the second, and 14 percent in the third.
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Sodium (Na)

The content of Na in the leachates varied from 44.5 to 357 mg/dm3,
however, mosg frequently (in 7 of the 11 samples) it ranged from 260
to 350 mg/dm A gradual decrease in the Na concentration was obser-
ved in successive leachings. The Na content of the leachates from the
first leachings wvaried betweerg 23.5 and 290.0 mg/dm from the secand
between 8.3 and 132.0 mg/dm”, and from the third petween 4.2 and
56,0 mg/dm3. Average *percentages of Na in the leachates were 66 per-
cent in the first leachings, 20 percent in the second, and 14 percent
in the third.

Potassium (K) .

The content of K in the leachates varied from 4.1 to 48.0 mg/dm3

(except in the sample from August 1979, it was 317 mg/dm3), ‘The
average concentration of K (calculated from 10 samples) was 26,32
mg/dm3,

A gradual decrease of K from consecutive leachings was observed
in the' leachates, except in two samples. The values from the first lea-
chings, varied between 2.8 and 24.1 mg/dm3 (59 percent). In the second
leaching values ranged between 0.8 and 12.0 mg/clm3 (22 percent).

In the third leaching, the values wvaried between 0,5 and 14.0 mg/dm
(19 percent).

Calcium (Ca)

The content of Ca in the leachates varied from 5.2 to 30.8 mg/dm3
except for two samples which showed values of 150 and 356 mg/dm3
(August 1979). Ca levels in the leachates from the first leachxngs varied
from 1.70 to 234 mg/dm3, from the second 1.5 to 79.3 mg/dm3, and from
the third 1.9 to 55.0 mg/dm3 Corresponding percentages of Ca leached
in each test were 37 percent, 32 percent, and 31 percent,

Magnesium (Mg)

The content of Mg varied considerably (from 0.42 to 21.85 mg/dms),
except for the sample from August 1979, whxgh was 249.6 mg/dm3, The
average concentration of mg was 7,32 mg/dm The products of Mg
leachings were irregular., In successive leachings gradual increases as
well as gradual decreases in the Mg concentrations were observed. 3
In the first leachings, Mg content varied between 0.17 and 11,0 mg/dm~,
and in the third between 1.0 and 6.4 mg/dm Average percentages of
Mg in the leachates were 39 percent, 33 percent, and 28 percent,
respectively.

Manganese (Mn)

The content of Mn in the leachates v%med between 0,035 and 0.84
mg/dm3. In one sample it was 2.995 mg/dm°. Samples obtained after
successive leachings showed gradual decreases as well as increases
(in most cases) in Mn content. Except for one sample in the first
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leachings, the concentrations ra.n%ed from 0,023 to 0.305 mg/dm3, in
the second 0.005 to 0.555 mg/dm”, and in the third 0,007 to 0.375
mg/dm~. Percentages of Mn content was 41 percent, 34 percent, and
25 percent, respectively,

Total Iron (Fe)

The content of Fe in the leachates varied considerably between
0.11 mg/dm3 and 75.8 mg/dm3, In six samples Fe content ranged from
25 to 35 mg/dm3. The average for all samples was 24 to 65 mg/dm>,
The content of Fe in successive leachings was irregular. The concen-
trations did not tend to increase or decrease in successive leachings.
Fe content in the first leachates were from 0.045 to 48.600 mg/dm>,
in the second 0.050 to 25,000 mg/dm3, and in the third 0,017 to 20.40
mg/d.m3. Percentages of Fe in the leachates were 38 percent,4l per-
cent, and 21 percent, respectively,

Ammonium (NHQl

The content of NH 4 in the leachates varied considerably between
0.32 and 4.40 mg/dm3, The average value was 1.73 mg/dm3. The NH
leachings were irregular. In successive leachings both decreases an
increases were noted. NH, concentrations in the first leachings varied
from 0,10 to 1.87 mg/dm3,4in the second from 0.09 to 1.87 mg/dm3, and
in the third from 0,02 to 2.50 mg/dm>. Percentages of NH_A in the leacha-

tes were 44 percent, 28 percent, and 28 percent, respectively.

Phosphate ( PO4_)_

The content of PO, in the leachates wvaried from 0,036 to 3.140
mg/dm3, its average being 0.522 mg/dm3. The concentrations of leacha~
tes in certain samples differed from others. Some tests (about 50 per-
cent) showed gradual increases of PO, content in successive leachings,
while others showed gradual decreases in its concentrations, PO, con-
tent in the first leachates were 0.01 to 1.021 mg/dm3, in the second
0.006 to 1.260 mg/dm°>, and in the third 0,008 to 0.800 mg/dm3., Respec-
tive percentages were 31 percent, 28 percent, -and 41 percent,

Cvanide (CN)

The content of CN in the leachates wvaried between 0,003 mg_,/dm3
and 0.066 mg/dm3; the average was 0.0252 mg/dm>. In all tests gradual
decreases in CN content was observed from successive leachings.

CN concentrations in the first leachings wvaried frgm 0.001 to 0.031
mg/dm>, in the second from 0.001 to 0.029 mg/dm”, and in the third
from 0.001 to 0.018 mg/dm3. The percentages were 47 percent, 29 per-
cent and 24 percent CN, respectively.

Phenols

. 3
The content of phenols in the leachates wvaried from 0,008 mg/dm
to 0.088 mg/dm3; its average was 0,028 mg/dm3. The concentration of
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phenols in the leachates from successive leachings varied considerably
and either increased, decreased or showed no change. In the first
leachings, the content varied from 0,001 to 0,064 m;g/dm3, in the second
0.003 to 0,010 mg/dm>, and in the third 0,002 fo 0.014 mg/dm3. Respec-
tive percentages were 40 percent, 29 percent and 31 percent

Aluminium {(Al)

The content of Al in the leachates Va.r'ied3 considerably from 0,175
to 38.5 mg/dm3,’ its average was 11.71 mg/dm~, The concentrations of
Al in the leachates were very irregular in particular samples. In succe-~
ssive tests gradual increases as well as gradual decreases were
observed. In the first leachings Al content varied between 0,05 and
16,00 mg/dm3, in the second 0.05 and 18.00 mg/dm>, and in the third
0,07 and 11.80 mg/dm3. Percentages were 40 percent, 31 percent and
29 percent, respectively.

Zinc g Zn)

The content of Zn in the leachates varied between 0.360 and
3.085 mg/dm3, however in 7 samples-it did not exceed 0.635 mg/dm3.
The average Zn content was 0.883 mg/dm3. In the majority of samples
(8) gradual decreases of Zn content in the leachates from successive
leachings were noted. In the first leachings Zn content ranged from
0.065 to 2.350 mg/dm3, in the second 0.065 to 0.846 mg/dm=>, and in
the third 0,035 to 0,650 mg/dm3. Percentages were 48 percent, 34 per-
cent and 18 percent Zn, respectively, :

Copper {(Cu)

The content of Cu in the leachates wvaried from 0,019 to 0.275 mg,/clm3

(one sample showed 0.925 mg/dm3). The average was 0.197 mg/dm>,
‘In most test samples gradual decreases in Cu content were observed
in successive leachings. Cu content in the first leachings were 0,007
to 0.730 mg/dm3, in the second 0.003 to 0.115 mg/dmS3, and in the third
0.003 to 0.160 mg/dm~. Percentages of- Cu concentrations were 47 per-
cent, 31 percent and 22 percent, respectively.

Lead (Pb)

The content of Pb in the leachates wvaried from 0,034 mg/dm3 to
0.271 mg/dm3, its average was 0,196 mg/dm3. The Pb content in the
leachates was irregular and either increased or decreased in succe-
ssive tests.

Pb concentrations in the first leachings ranged from 0,015 to
0.147 mg/dm3, in the second from 0.003 to 0.125 mg/dm3, and in the
third from 0,003 to 0,100 mg/dm?3, Respective percentages of Pb were
39 percent, 32 percent and 29 percent,



Chromium (Cr)

The content of Cr in the leachates ranged between 0,011 and
0.089 mg/dm and its average was 0,0364 mg/clm3 In successive
leachings Cr content tended to increase, however, only small differen-
ces were found between second and third leachings. Cr concentrations
in the first leachxngs were 0,002 to 0.032 mg/dm3, in the second 0,002
to 0.24 mg/dm3, and in the third 0.002 to 0.033 mg/dm3. These concen-
trations were 43 percent, 30 percent and 27 percent of total Cr con-
tent, respectively.

Arsenic (As)

The content of As in the leachates varied from 0.008 to 0.133
mg/dm> and its average was 0.0581 mg/dm3, Leaching of As in some
samples was irregular and in successive tests decreased as well as
increased, As concentrations in the first leachings ranged from 0,002
to 0,100 mg/dm3, in the second leachings from 0.005 to 0.024 mg/dm3,
and in the third from 0.002 to 0.033 mg/dm3. Percentages were 41 per-
cent, 32 percent and 27 percent, respectively.

Strontium (Sr)

The content of Sr in the leachates varied from 0,037 to 0.749 mg/dm3.
In the sample taken in August 1979, it was 2.05 mg/dm3. The average
was 0.406 mg/dm3. Leaching of 3Sr was irregular., In most cases (7 sam-
ples) Sr content decreased in successive leachings. In the first leacha-
tes, concentrations ranged from 0,017 to 1.600 mg/dm3, in the second,
from 0,010 to 0.480 mg/dm3, in the third 0.005 to 0.190 mg/dm3. The
percentages were 51 percent, 27 percent and 22 percent of total Sr
content, respectively,

Mercury (Hg)

The content of Hg in the leachates wvaried from 3.0 to 10,9 ug/dm3.
Only one sample (taken in March 1979), showed a value lower than
0.6 ug/dm”. The average concentration of Hg was 5.17 ug/dm3, In all
samples, except two, Hg content in successive leachates gradually
decreased, Hg concentrations in the first leachings wvaried from 0.8 to
5.0 mg/dm3, in the second from 1.5 to 6.0 ug/dm3 and in the third from
0.6 to 2.2 ug/dm3. Percentages were 43 percent, 35 percent and 22 per-
cent of total Hg content, respectively.

Cadmium (Cd)

The content of Cd in the leachates varied from 0,005 to 0.056
mg/dm3 and its average was 0,024 mg/dm3. In eight samples Cd cone
centrations gradually decreased in successive leachings, Higher Cd
content was observed in the second leachings of 3 samples. Cd con-
centrations in the first leachings ranged from 0.002 to 8017 mg,/clm3
(45 percent), in the second from 0.002 to 0.470 mg/dm~ (6 percent),
and in the third from 0.001 to 0.028 mg/dm> (19 per‘cent).
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Molyvbdenum (Mo)

The content of Mo in the leachates wvaried from 0.003 to 0,029
mg/dm3 and its average value was 0.017 mg/dm3. Mo content gradually
decreased in the leachates from successive leachings. A gradual
increase of Mo content was observed in two samples in the second
leachings. Concentrations of Mo in the first leachings wvaried from 0,002
to 0,015 mg/dm3, in the second from 0,001 to 0.010 mg/dm , and in the
third from 0.000 to 0,006 mg/dm3. Percentages were 48 percent, 36 per-
cent and 16 percent of total Mo, respectively.

Boron ( B 2

The content of B in the leachates ranged from 0,095 to 3.600 mg/dm3.
The average value of B was 0.855 mg/dm3. In successive leachings the
B concentrations gradually decreased., In the first leachings it was from
0.043 to 1.670 mg/dm3, in the second from 0.030 to 1.320 mg/dm>, and
in the third from 0,020 to 0.610 mg/dm3. Respective percentages were
47 percent, 33 percent and 20 percent of total B.

!

SUMMARY

It may be concluded that the refuse contained large amounts of
substances that were easy to leach.

The pattern of leaching of dissolved components, except for PO _,
e and phenols, was similar. Gradual decreases in their concentrations
in successive leachings were observed. The largest amount of a com-
ponent was usually leached in the first leaching, and the smallest
during the last leaching period. Some of the pollutants were easier to
leach, some more difficult ( see Table 6-4).

In that respect, 3 groups of components (with similar leachability)
can be distinguished.

Group I - Cl, S0,, Na, K - 60 to 67 percent of their content was
presen% in the leachate after the first 24 hour period ,
19 to 22 percent after the second period, and 13 to
19 percent after the third period - the most leachable
group,

Group II - Cu, Z2n, Hg, Sr, Cd, B, Mn, Mo, CN - 41 to 51 percent
of their content was measured in the leachate after the
first leachings, 27 to 36 percent after the second, and
19 to 25 percent after the third - the average leachable
group,

Group I - Mg, Al, Cr, As Pb, NH , Ca - 39 to 43 percent of their
content carried into the leachate after the first leachings,
30 to 33 percent after the second, and 27 to 30 percent
after the third - the less leachable group.
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Table 6-U4, Percentage of Component Leached
in BEach 24 Hour leaching Test

rd

Average from all tests

Group Designation First Second Third
leaching leaching leaching

* TDS 59 25 16

I Cl 66 21 13
SO4 67 19 14

Na - 66 20 14

K 59 22 19

CN 47 29 24

Mn 41 34 22

Ca 37 32 31

Cu 47 31 22

I Zn 48 33 19
Hg 43 35 22

Sr 51 27 22

cd 45 35 20

Mo 48 36 16

B ' 47 33 20

Mg 39 33 28

Al 40 31 29

I Cr 43 30 27
As 41 32 27

Pb 39 32 29

NH, 44 28 28

PO 31 28 41

4

v Phenols 40 29 31
Fe total 38 41 21




The leaching process for phosphates, phenols and iron differed
from the above groups and therefore were not mentioned in any of
the groups.

Fhosphates in the first and in the second leachings showed similar
concentrations but were 25 percent lower in concentrations in the
third leachings,

Total iron - 41 percent was leached during second leachings,
Phenols - most frequently leached in the first and in the third
leachings.

The above figures provide information on the leachability of parti-
cular components in time, The data also assists in the interpretation
of the pollution potential. It can provide insight as to whether the amount
of a pollutant in groundwater is caused by its concentration in the wastes

or by its leachability, In the case where the occurrence-of -leachability

15 SIow the hazard may be delayed, but still exists.

THE QUANTITATIVE CHARACTERISTICS OF POLLUTANTS' CONTENT

In order to estimate the quantitative potential of the leachable
pollutants in the coal waste mass, the necessary calculations were
made. The results are shown in Table 6-5.

Figures illustrate the amount of leachable pollutants in milligrams
(mg) per one kilogram (kg) of coal waste after 3 x 24 hours = 72
hours leaching,

The received values could differ from the real because of only
72 hours leaching and because of full saturation and constant water
flow in glass columns. However, they give the ranges and help to
estimate the range of hazard,
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Table 6-5.

Average Concentration of Particular Components and the Amount

of Each Component Leached from Kilogram of Coal Refuse in
Laboratory Leachings

1975 1977 1978 1979 1975 - 1979

concen- concen- concen- concen- concen- concen-
Desig- tration amount tration amount tration amount tration amount tration amount tration amount
nation
o wg/dm3 mg/kg mg/ dm3 mg/kg mg/dm3 mg/kg mg/ dm3 ma/kg mg/du3 mg/kg mg/ dm3 mg/kq
105 1283.0 256.6 2991 598.2 1254.6 250.92 1111.0 222.2 1362.0 272.4 1600.0 320.0
Cl 479.0 95.8 127.0 25.4 167.6 33.52 146.0 29.2 126.5 25.3 209.2 41,84
S04 166.8 33.36 165.3 33.06 135.3 27.06 25.12 25.12 230.0 46.0 164.6 32.92
Na 347.0 69.4 207.2 41.44 159.0 31.8 202.8 40.56 302.9 60.58 243.7 48.74
K 48.0 9.6 18.4 3.68 15.2 3.04 16.1 3.22 33.9 6.78 26.32 5.26
Ca 150.0 30.0 12.7 2.54 8.5 1.7 23.1 4,62 185.3 37.06 75.9 15.18
Mg 5.5 1.1 12.6 2.52 4.79 0.96 10.7 2.14 3.0 0.6 7.30 1.46
Mn 0.950 0.19 0.511 0.102 0.541 0.108 0.128 0.026 1.515 0.303 0.729 0.146
fe 23.86 4.77 20.04 4,01 20.1 4,02 21.28 4,26 37.98 7.60 24.65 4,93
NH, 2.40 0.48 0.92 0.184 2.226 0.445 1.760 0.352 1.340 0.268 1.733 0.347
P04 0.152 0.03 0.081 0.016 0.983 0.197 0.651 0.13 0.741 0.148 0.522 0.104
CN - - 0.0087 0.0017 0.0376 0.0075 0.019 0.0038 0.0356 0.0071 0.0252 0.005
Phenols 0.060 0.012 0.021 0.0042 0.037 0.0074 0.0 0.0022 0.012 0.0024 0.0282 0.0056
Al 0.178 0.036 13.8 2.76 12.43 2.49 19.1 3.82 13.05 2.61 n.n 2.34
In 0.404 0.081 0.443 0.089 0.743 0.149 1.053 0.211 1.772 0.354 0.883 0.177
Cu 0.082 0.010 0.212 0.012 0.126 0.025 0.128 0.026 0.472 0.094 0.1974 0.0395
Pb 0.019 0.0038 0.163 0.0326 0.185 0.037 0.106 0.0212 0.505 0.101 0.1956 0.0391
Cr 0.041 0.0082 0.024 0.0048 0.037 0.0074 0.050 0.0} 0.030 0.006 0.0364 0.0073
As 0.012 0.0024 0.068 0.0136 0.123 0.0246 0.085 0.017 0.0025 0.0005 0.0581 0.0116
Sr 0.245 0.049 0.135 0.027 0.228 0.046 0.279 0.056 1.145 0.229 0.406 0.081
Hg 1.5 0.3 7.0 1.4 7.2 1.44 6.9 1.38 3.25 0.65 5.17 1.03
Cd 0.056 0.01) 0.022 0.004 0.009 0.002 0.009 0.002 0.023 0.005 0.024 0.005
Mo 0.021 0.004 0.013 0.003 0.020 0.004 0.016 0.003 0.016 0.003 0.017 0.003
8 0.456 0.091 0.122 0.024 0.695 0.139 1.803 0.361 1.197 0.239 0.855 0.17%




SECTION 7

GROUNDWATER MONITORING AND SAMPLING

MONITORING WELLS

In March 1974, 14 monitoring wells, number 1 to 14, were installed
to monitor the aquifer surrounding the disposal area. The wells were
bored in 4 sections radiating from the Central Disposal Pit toward the
North, East, South and West.

- Wells 5, 6 and 7 were located toward the North; their distances
from the disposal site were 50 m, 250 m and 700 m, respectively,

- Wells 8, 9, 10, 11 and 12 were located to the East; their distan-
ces from the disposal site were 100 m, 300 m, 400 m, 900 m and
1200 m , respectively,

- Wells 13 and 14 were located in the South; their distances from
the disposal site were 150 m and 250 m, respectively.

- Wells 1, 2, 3 and 4 were located in the West (parallel to the
Western Disposal Pit); their distances from the Central Disposal
Pit were 100 m, 250 m, 500 m and 1000 m, respectively.

All monitoring wells were drilled by the dry system method down
to the roof of the continuous tertiary layer. The depths of the wells
varied from 7 to 27 m. The lithology of all layers found in each well
was described in detail and samples were taken for laboratory analy-
sis to determine permeability and specific yield,

Each well was lined with a filtration column of 6" diameter, The
lining consisted of:

- a solid steel pipe in the lowest section which formed a settling
tank,

- a filter, consisting of a perforaied pipe wrapped with copper gauze
and covered with gravel packing,

- a solid pipe terminating about 1 m above the ground surface and
covered by a special protecting arrangement,

The space between well wall and filtration column was sealed in
order to prevent direct infiliration from surface (rain) water into the well,
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In 1977 three additional monitoring wells were drilled in the area
north east of the disposal site because a model analysis of the hydro-
dynamic network suggested that the groundwater flow mizht run in that
direction, These wells were located as follows: well no. 15 in the
northern part of the Central Disposal Pit, wells no. 16 and 17 at
a distance of 200 and 400 m, respectively from the edge of disposal
site, The well depths and construction design were similar to the other
wells, In 1978 two hand-excavated private farm wells (presently unused)
numbered 56 and 67 were included in the monitoring system, They lay
northeast of the disposal area, 330 and 60 m respectively from the
Central Disposal Pit,

The location of wells and diagram of well installation is shown in
Figqure 7-1.

MEASUREMENTS AND SAMPLING

Water samples for physico~chemical analyses were taken from the
monitoring wells from 1974 until the end of 1979. Prior to the water
sampling, the groundwater table in each well measured within ¥ 2 cm.
Then a volume of water equal to that in the wells was removed. After
the well had again filled with fresh groundwater, it was sampled. This
procedure was applied to avoid sampling water which had been in the
well for a long period of time, coming in contact with the air and the
pipe. The small volume of water removed from each well was found as
the most proper to prevent the disruption of the natural hydrodynamic
system which may happen if a large volume were removed,

The above operations were performed on a regular 3 week interval,
Until October 1976, every fourth sample was taken for full analysis
é4—2 parameters), while all others were taken for simple analysis
14 parameters). After October 1976, every third sample was taken for
full analysis. A total of 85 sets of water samples were taken for physico-
chemical analysis between 1975 and 1979, of which 26 sets had full
analysis.

The above general scheme was slightly modified during_, the 5 year
investigation. The modifications were as follows:

- Since November 1975, observations and sampling in well no, 4
located about 1000 m from the disposal site was discontinued
because the groundwater table was higher in this well as compared
with the disposal area. In addition, it was found that the water was
polluted by other sources.

- Since April 1977 and July 1977 measurements and sampling in wells
12 and 11 were respectively eliminated because of the great distance
from the disposal area and no significant slope of the groundwater
table was observed in that direction. The introduction to the monito-
ring system of more useful new wells numbered 15, 16 and 17 made
11 and 12 unnecessary.

- The farm well no. 67 was eliminated aiter one sampling because of
organic pollution by farm waste.
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- Since April 1978, measurements and sampling were not performed
in well no, 15 because it was destroved,

The modifications were made in agreement with the Project Officer.
A few additional differences in the planned program of sampling became
necessary.

- Samples from all wells were not taken in January 1979 because of
heavy snow which prevented sample collection.

- Water samples were not taken during the following periods because
of temporary damages to the wells:

- July, August 1978 and in October, November 1979 from well
no, 1

- December 1978 and July 1979 from well no, 13

- June 1979 from well no, 7,
The above exceptions were not more than 1 percent of the measure-~
ments and samplings, so they were not considered important to the
results of the investigation,

It can be concluded that both the wells’ locations and the system

of measurements and sampling proved useful and enabled the assessment
of the tested phenomena.
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SECTION 8

METHODOLOGY OF CHEMICAL ANALYSIS

For the routine analyses the water was collected in 5 dm3 polyethy-
lene containers from each well. For the full analyses, water samples
were taken in the following quantities: ‘

- 5 dm3 in polyethylene containers;

- 1 olm3 in glass containers for the determination of phenols (these
samples were stabilized immediately with phosphoric acid and
copper sulphate);

- 1 dm3 in polyethylene containers to determine cyanides (the samples
were immediately stabilized with the addition of potassium hydroxide
KOH granules).

Samples were delivered to the laboratory within 3 to 5 hours. After
delivery to the laboratory the samples were subjected immediately to
vigorous stirring in a mixer, then filirated, divided and acidified. Immedia-
te acidification in the field was abandoned because of the following
reasons:

- the delivery of samples to the laboratory took only a few hours;

- it was more appropriate to perform analyses on a large average
sample rather than on small, separate samples;

- from the point of view of this investigation, the dissolved substan-
ces were more important than the suspended matter. In the course
of filtration through a porous medium, the suspended matter sedi-
mented on the grains of the soil (the methodology of research
would have been somewhat different if the flow of polluted water
passed through a fissured medium). The above procedures are
recommended by the Polish Standards for sampling wells used
for drinking water.

The filtered samples were analyzed employing the following analytic
methods:

- color - utilizing a dichromate - cobaltic pattern scalz

- smell - organoleptically, cold, according to a 5 - grade scale of
smell intensity, and the following symbols for type of smeil:
R - vegetative smells, &G -~ for putrescible, and 3 - for specific
Smells
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conductivity - by means of a conductometer
pH - by potentiometric method
total hardness - through titration with the EDTA reagent

basicity - through titration with hydrochloric acid against methyl
orange '

acidity - by titration with sodium hydroxide against phenolphthalein

instant oxygen consumption - through titration, ccld, with permanga-
nate of potash

oxygen consumption - through determination of the potash permanga~
nate consumption by a sample during heating in a water bath for
20 minutes

total dissolved substances - through the determination of residue
after evaporation of a filtrated sample, and drying it at 105°C to
a constant weight

dissolved mineral substances - determined through roasting the dry
residue from the filtrated sample at 600°C

dissolved wvolatile substances - calculated from the difference
between the total dissolved substances and the mineral substances

chlorides - by Volhard method of titration with silver nitrite

sulphates - with the nephelometric method by means of an autoana-
lyzer

nitrates - by the colorimetric method and the use of an autcanalyzer
after reducing to nitrites with an hydroxylamine solution

ammonhia hitrogen - distillation method with the Nessler reagent

albumin nitrogen -~ distillation method with the Nessler reagent,
after alkaline decomposition in a potash permanganate solution

phosphates - colorimetric method in reaction with ammonium
molybdate and a reduction to molybdate blue

free cyanides -~ extraction colorimetric method after distilling
sample acidified with tartaric acid, brominating and reacting with
a bentidine - phyridine reagent

phenols - monohydric phenols were determined after distilling the
sample, with colorimetric method in aminoantipyrine

bivaient iron - colorimetric method in reaction with 1.10 phenan~
throline
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total iron - colorimetric method with 1.10 phenanthroline after
reduction of trivalent iron S S

trivalent iron - calculated from difference of the abox}e two determi-
nations

calcium, sodium, potassium - by flame photometry method

copper, zinc, lead, maghesium, manganese, strontium, cadmium -
by atomic absorption

aluminium - colorimetric method with aluminon

chromium - colorimetric method with diphenvylcarbazide

arsenic - molybdate colorimetric method after reducing arsenous
hydride from sample and oxidizing with sodium hypodromite to

As5+,

mercury - after reducing to elemental mercury and determined by
colorimetric method in reaction with iodine and copper salits

silica - dissolved reactive silica was determined with ammonium
molybdate

B.O.D,. ~ biochemical oxygen demand was determined in analyses
of samples for oxygen content using the Winkler method before
and after the 5-day incubation period at 20°C

molybdenum - colorimetric thiocyanate method

boron - colorimetric method in reaction with bianthrimide in an
environment of concentrated sulphuric acid.
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SECTION 9

RESULTS AND DISCUSSION OF HYDROCHEMICAL TESTS

A complete set of results of the groundwater analvsis is available
in EPA Region III and Poltegor. In this section the results are ,
presented in diagrams and discussion. On the diagrams the content
of each component in every well is presented in columns which reflect
quarterly averages. Quarterly average values were used instead of
results from every sample because it is more informative and easier
to read. The diagrams are grouped according to their location. Wells
1.3, 5-7, 8-10, 13 and 14, and 15-17 delineate sections. The first well
in each group is always the one closest to the disposal site. Looking
at the diagrams horizontally it is easy to see how the concentration
of each pollutant changed with the time. By looking at the diagrams
vertically, one may compare the differences between wells and sections
during the same time period. Each pollutant is discussed with respect
to the changes which occurred in each group of monitoring wells,

pH Reaction

The pH of laboratory leachates wvaried from 7.3 to 9.9 averaging 8.4,
i.e., the leachate was alkaline., Before disposal operations, pH of the
groundwater ranged from 6.2 (in monitoring wells B-3, B-5) to 7.3
(in well B-14),

L}

During disposal operations (1975-1979) the pH did not change
significantly, and similar to the predisposal period, did not show any
differences regardless of the time or location of observations. In all
monitoring wells, except B-6, B-7 and B-17, the values varied approxi-
mately from 5.8 to 7.4. During the period July through October 1976,
the pH in Well B~-6 ranged from 8.4 to 8.7. In Well B.7, the pH wvalue
varied from 7.5 to 8.0 between November 1977 and August 1978,
Between June 1978 and February 1979, the pH in well B-17 varied
from .7.8 to 8.3.

An influence of waste disposal on pH of the groundwater was not
observed. However, the acidity of waters in the investigated area
tended to increase slightly, but was probably not due to the impact of
disposal.

It is possible that the pH reaction of rains could change in the
investigated region, but this has not been examined.
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Conductivity

Laboratory leachate conductivity ranged from 500 to 2140 uS/cm,
the average value being 1500 uS/cm. Conductivity of groundwater
befcre disposal (1974) varied from 174 uS/cm (well B-5) to 350 uS/cm
(well B-7).

During the first two years of disposal operations (1975-76) ground-
water conductivity remained on the level observed in 1974, i.e., appro-
ximately between 200 and 300 uS/cm. Beginning in 1977, conductivity
began to change. Increased values were first observed in well B-6 in
January 1977, while at the same time the wvalues in the remaining wells
did not exceed 250 uS/cm. From January 1977 until September 1978
conductivity of water in well B-6 increased considerably, ranging from
450 to 500 uS/cm. Further increases in conductivity were later observed
and maximum values of 800 to 850 uS/cm were attained in May and
June 1979. In June 1979, the values dropped to 500 to 550 uS/cm and
remained there until project completion at the end of 1979,

An increase in water conductivity (360 uS/cm) was observed in
well B-2 beginning in June 1977. Between June 1977 and July 1978,
‘the average value ranged here from 400 to 500 uS/cm, and during
August 1978 reached 580 uS/cm. From then until February and March
1979, the conductivity gradually increased to a maximum of 1050 to
1170 uS/cm. After that period conductivity dropped to between 600 and
800 uS/em in August 1979 and 370 to 450 uS/cm at the end of 1979.

A continuous increase of conductivity was also observed in well
B-1 beginning in September 1977 and in most cases maintained at
a level of 450 to 500 uS/cm until June 1978. Between October and
December 1978, conductivity increased considerably to 1100 uS/cm.
Maximum values of 1100 to 1350 uS/cm were observed from January
to April 1979, By August 1979, water conductivity had dropped to
about 700 to 800 uS/cm and then further decreased to 450 /uS/cm by
the end of 1979.

A continuous increase in water conductivity was observed in well
B-3. From December 1977 until September 1978, it varied from 400 to
500 uSfcm and then gradually reached a maximum of 1300 uS/cm in
February and March 1979, Conductivity dropped to between 450 and
550 uS/cm and remained there through the end of the observations.

Water conductivity increase in well B-5 were less clear. From
July 1978 until April 1979, it increased and fluctuated between about
400 and about 600 uS/cm. Then conductivity decreased slightly and
remained at a level of 300 to 450 uS/cm until the end of the observa-
tion period.

Between 1977 and 1979, water conductivity in the other wells
varied between 200 and 300 uS/cm.
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It may be concluded that the disposal of coal wastes began to
affect groundwater conductivity beginning in 1977, two years after waste
disposal began. The phenomenon intensified until the first quarter of
1979 when maximum values were noted. Coal waste disposal affected
the adjacent aquifer 200 to 300 m northward, i.e.,, in the direction of
groundwater flow. The remaining sections of the aquifer showed no
effects from the disposal.

Total Dissolved Substances

The content of TDS in laborato leachates varied from 53500 to
3372 mg/dm°>, averaging 1600 mg/dm°. .

Befcre coal waste disposal (1974), the content of TDS in ground-
water ranged from 100 mg/dm°> (wells B-5, B-8) to 350 mg/dm3 (wells
B-7 and B-13). Until the end of 1976, the TDS content did not change
and in most cases remained between 100 and 200 mg/dm3. Values of
350 to 450 mg/dm3 (wells B-9, B-10, B-14) were only occasionally
observed.

The situation began to change in the beginning of 1977 when

significantly increased TDS content (360 mg/dm3) was observed in

well B-6 in January 1977 (at the same time TDS in the other wells
varied from 120 to 270 mg/dm3). The TDS ccntent in well B-6 remained
between 350-450 mg/dm3 until April 1979 and reached its maximum of 3
700 mg/dm3 in May and June 1979, Ther it dropped to about 350 mg/dm.
After June 1979, the TDS content ranged from about 230 to 350 mg/dm3,
the average being 303 mg/dm3.

In well B-1, the increase of TDS ccontent was observed in April
1978 when it reached 306 mg/dm3, It gradually increased and reached
840-880 mg/dm~ between January and March 1979, Then TDS dropped
here to 420 to 550 mg/dm3 until September 1979, and then to 300 mg/dm
by December 1979.

In well B-2, the increase in TDS followed the pattern in B-1l. From
April 1978 until March 1979, a gradual increase of TDS (from about
300 mg/dm3 to 750 mg/dm3) was noted. In April 1979, it decreased to
350-550 mg/dm3 and remained unchanged until September 1979. Further
decreases in TDS contents to about 270-320 mg/dm°>, averaging
297 mgjdm3, was observed until the end of the investigation.

From April 1978 until March 1979, TDS content increased also in
well B-3, ranging from 350 mg/dm3 to 880 mg/dm3. Then TDS ccntent
rapidly dropped to 220 to 350 mg/dm3 and remained at this level until
the end of 1979, except for a temporary increase to about 600 mg/dm
recorded at the end of May and beginning of June 1979,

Occasionally (in July 1978 and February 1979) high content of

TDS (350-540 mg/dm3) was also observed in well B-3, which is the
closest to the disposal and downstreanm.
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Between 1977 and 1979, TDS content in other wells ranged from
100 to 300 mg/dm3, corresponding to values observed before disposal.

It can be concluded that the clear effect of coal waste disposal
appeared beginning in 1977 (two years after beginning storage) and
was observed until June 1979, then it slightly decreased. The aquifer
became polluted north of the disposal area, in the direction of ground-
water flow, 200 to 300 m away.

However, no continuous increase of TD3S content was observed
in well B-5 which is located north of the site. This may prove that
the pollutant’s flow is not uniform and several underground streams
(flumes) exist with varying contamination levels. The main factor
is aguifer permeability. It was clearly stated that the main flume e
of pollution runs toward well B-6 which has a permeability 5 times — . . .
higher than other surrounding wells except well B-5 which has low
permeability.

Chloride (Cl)

The content of Cl in laboratory leachates wvaried from 51 to 479
mg/dm (average 209 mg/dm ). The content of chloride in groundwater
before disposal operations began (1974) ranged from 6.6 mg/dm3 (wells
B-12 and B-13) to 39.7 mg/dm° (well B-12), with an average value of
20 mg/dm3,

During the first period of waste disposal (1975-1976), chloride
content in the groundwater did not differ from the concentrations observed
before disposal operations; its average values were between 12 and
20 mg/dm3,

At the beginning of 1977, the situation changed gradually. In Febru~
ary 1977, an increase in chloride (51 mg/dm>) was first observed in
well B-€, while in other wells it varied from 12 to 33 mg/dm3. It gradu-
ally grew to a maximum of 96 mg/dm3, observed in June 1979. Then the
concentration decreased to between 20 and 40 mg/dm3, which was still
above the values found before dispocal.

In May 1977, a high chloride concentration (41 mg/dm3) was obser-
ved in well B-2 and until October 1978, it remained between 40 and
60 mg/dm3. The chloride concentration gradually increased here and in
March 1979 reached a maximum of 104 mg/dm3. After that a gradual
decreasse of chloride to the level of 30 to 40 mg/dm3 was observed (erd
of 1979).

In well B-1, chloride content increased to 40 to 60 mg/c:lm3 between
December 1977 and October 1978; then doubled and untu the end of
March 1979, remained at a level of 100 to 110 mg/dm . It gradually
decreased to 35 to 45 mg/dm3 by the end of 1979.
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The first indications of increased chloride in well B-3 appeared in
January 1978 (52 mg/dm3) and from then until September 1978, it
usually varied from 30 to 40 mg/dm3. From October 1978 the chloride
content increased to a maximum of 110 mg/c:lm3 in March 1979. Then
it rapidly dropped to 35 to 40 mg/dm3 and remained there until the
end of 1979,

Less significant increases were observed in wells B-53, B-16 and
B-17 (43 to 49 mg/dmS3 in June 1978).

In the other wells chloride content varied from 15 to 30 mg/dma.

It can be concluded that cocal waste disposal affected the content
of chlorides in the groundwater. These changes were noted beginning
in 1977, Le.,, two years after disposal operations had begun. The con-
centration of chiorides reached maximum levels (2-5 times higher)
after two and a half years, and beginning in mid 1979, the chloride
content decreased significantly. The polluted area extended 200 to
300 m to the north of the disposal site in the direction of the ground-
water flow. No influence was observed in the wells sited on the smaller
inclinations of the groundwater table or where no dipping was observed.

Sulphate (S 0, )

The content of sulphate in laboratory leachates wvaried from 350 to
230 mg/dm3 (the average was 164,5 mg/dm3). Before disposal opera-
tions began in 1974, sulphate content in groundwater was from 40
mg/dm3 (wells B-10, B-8) to 150 mg/dm3 (well B-3). During the first
period of disposal operations (1975-1976) SO, content in groundwater
did not change significantly. In all wells it was slightly lower than in
1974 and ranged from 10 mg/dm3 (wells B-5, B-6, B-7) to 125 mg/dm
(wells B-9, B-12). :

At the beginning of 1977, the situation began to change. In January
1977 the content of S0, increased in well B-1 (84.0 mg/dm°) and in
well B-6 (87.0 mg/dm3), while at the same time other wells showed
levels from 40 to 60 mg/dm3,

In 1977 and during the first three months of 1978, the SQO4 content in
well B-1 remained generally at a level of 80 to 110 mg/dm3. In April 1978,
a gradual increase of SO4 was noted and it reached a maximum level of 404
mg/dm3 in March 1979. In April 1979, the SO4 content gradually
decreased. From April until September the sulphate content was betwgen 200
and 300 mg/dm3 and in October it dropped to 85 to 95 mg/dm3 and remained
there until the end of the investigation.

In 1977 and 1978, the S0, content in well B-6 varied from 90 to
130 mg/dm3. Between January and May 1979 3504 increased up to a
maximum value of 240 mg/dm> (observed in May 1979). From then
until August 1979 the SO4 content %radually decreased, first to 120
mg/dm3 and then to 70 to 90 mg/dm>, where it remained through the

end of the project period.
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An increased 30, content was_also observed in well B-2. The
level remained at 90 4%0 120 mg/dm3 until March 1978 when it gradually
increased to a maximum of 350 mg/dm3 (observed in March 1979). The
content of 30, gradually decreased to a value of 200 to 250 mg/dm3.
In August 1979, it rapidly dropped to 80 to 90 mg/dm3 and remained
there until the completion of the investigation.

Increased S0, content appeared also in well B-3 in 1977 for
a short time (April - 108 mg/dm3 and October - 97 mg/dm3). A conti-
nuous increase of SO, was observed here from March 1978 (90 mg/dm>3)
until March 1979 (maXimum 370 mg/dmS3). During the next five months,
until August 1979, S0, content gradually lessened but remained at
greater than normal levels,between 150 and 250 mg/dm3. After August
1979 it slowly decreased to 70 mg/dm”, the level observed at the end
of 1979.

In well B-3 increased values were found between July 1978 and
May. 1979. During this period S0, content varied from 100 to 120 mg/dm
except in July 1978 when it reac%xed 153 mg/dm”. It dropped again and
in most cases remained between 70 and 95 mg/dm3.

3

In all the above wells irregular decreases in sulphate content
were found for short periods of time,

The 350, content in other wells sometimes fluctuated considerably,
but most oftén did not exceed 50 to 100 mg/dma. Independent of pollu-
tion attributed to the disposal operations, singular episodes of high
S04 concentrations were noted in wells B-14 5145 mg/dm3), B-16
(130 mg/dm> in June 1979), B-13 (153 mg/dm3 in May 1979) and in
others. These phenomena were most probably caused by sources other
than the disposal site.

In view of the above results, it may be concluded that the signifi-
cant increase in S0, content in the groundwater was caused by the
disposal site. Its influence was evident between 1977 and 1979 in the
section of aguifer situated 200 to 300 m north of the disposal site, i.e.
downstream. '

Sodium (Na)

The content of Na in laboratory leachates wvaried from 44.5 - 357
mg/dm3, averaging 243.7 mg/dm3. In 1974, its concentrations in ground-
water were from 4.45 mg/dm> (well B-11) to 31.1 mg/dm3 (well B-3).
During 1975 and 1976, the first years of disposal operations, the value
did not show any changes as compared to the previous years. The Na
content was at the level observed in 1974 and wvaried from 5 to 15
mg/dm3,

In 1977 Na content in groundwater began to change. Between March
and May and in July, the value found in well B-6 was higher than pre-
viously recorded (22 to 27 mg/dm3), and in weil B-2 during February,
July, September and October it was-about 20 to 25 mg/dmS3. Otherwise,
the Na content did not exceed 15 mg/dmS3.
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Higher and more regular increases of Na were observed in more
wells beginning in 1978, Between March and December 1978, Na con-
tent in well B-6 increased continuously from 33,5 mg/dm3 to 78 to
84 mg/dm3. During the first part of 1979 it varied considerably from
30 to 100 mg/dm3, In July and August it lowered to about 25 mg/dm3
and remained unchanged until the end of 1979,

An increase in Na was observed in well B-2 between February
1978 and March 1979, From February until October 1978, the level
rose from about 30 mg/dm3 to 100 mg/dm3, It remained at a level of
130 to 140 mg/dm3 until April 1979, except in January and February
when it dropped to 21 to 35 mg/dm>. Between April and September
Na content ranged from 70 to 90 mg/dm3. then dropped to 20 to 40
mg/dm3, i.e., to the levels found in other wells.

A continuous increase in Na (from 20 mg/dm3 to a maximum of
160 to 170 mg/dm3) was also observed in well B-1 between February
1978 and March 1979. However, in October 1978 and in January and
February 1979, temporary decreases to 26 to 42 mg/dm3 were recor-
ded. Between April 1979 and September 1979, Na content was 70 to
110 mg/dm3, then dropped to 20 to 40 mg/dm3,

Water samples from well B-3 showed an increase in Na between
1978 (36 mg/dm3) and March 1979 (135 to 150 mg/dm3). Similar to
wells B-1 and B-2, a temporary decrease (down to 28 to 36 mg/dm>)
was recorded in January and February 1979. In April 1979, the Na
level rapidly decreased to 25 mg/dm3 and then increased to a value
of 122 mg/dm3 in June. The level of Na again decreased to about
20 to 25 mg/dm3 for the remainder of the investigation.

In other wells (B-9, B-10 and B-14) only singular increases in
Na content (35 to 95 mg/dm3) were noted but were probably due to
extraneous factors. .

In conclusion, the influence of the disposal operations on Na con-
tent in groundwater was significant beginning in 1978, 3 years after
the disposal operations had begun, and remained an influence until
September 1979, The polluted aquifer ranged 200-300 m north of the
disposal site in the direction of groundwater flow, The maximum level
of Na found in the polluted groundwater was 16 times greater than
levels found in groundwater not in contact with the disposal site.

Potassium (K)

Potassium levels in laboratory leachates wvaried from 4.1 to 48.0
mg/dm3, with an average of 26.3 mg/dm3,

In 1974, before disposal operations began, K in groundwater ran-
ged from 1.05 mg/dm3 (well B-7) to 16.12 mg/dm3 (well B-7). During
the first two years of disposal operations (1975-76) K in groundwater
was generally at the level observed in 1974 (between 1 and 5 mg/dm3),
except in October 1975 it reached 10 mg/dm3 in well B-1.
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Potassium content began to fluctuate during the third year of dispo-
sal operations. In January 1977, increased wvalues were observed in
wells B-6 and B-2; 8.5 mg/dm3 of K were found in well B-6, while in
other wells it did not exceed 3.0 mg/dm3, Potassium levels continually
increased and in July 1977 reached a maximum of 26.5 mg/dm3, then
dropped and remained between 10 and 15 mg/dm3 for the duration of
the investigation with some values of 2 to ¢ mg/dm3 reported.

During January 1977, in well B-2, K content was 4.1 mg/dm3. Until
August 1978, concentrations varied between 5 and 6.5 mg/dm3, Between
September 1978 and January 1979, it grew to a maximum of 8.5 mg/dm>,
then gradually decreased to 2.7 to 4.6 mg/dm3 by the end of the repor-
ting period,

In well B-1 between February and September 1977, increased K
levels appeared infrequently, e.g. in February - 11.1 mg/dm3, and in
June, July and September - 4 to 5 mg/dm3. From November 1979 until
March 1979, the concentratlons increased slightly from 5 to 6 mg/dm3
to 8 to 9.5 mg/dm . Then it fell to 4.5 to 4.8 mg/clm3 recorded at the
end of 1979, In May a temporary increase to 10.5 mg/dm3 was recor-
ded. '

Between March 1977 and February 1978, increased K levels ip
well B-3 were periodically reported. In March, June, October and Decem-
ber 1977, and in January 1978, concentrations reached 4.0 to 5.4 mg/dm3.
From March 1978 to the end of the reporting period K concentrations
continued to increase. Unlike other wells, water samples from well B-3
indicated several peak potassium levels. The first occurred from March
until July 1978 when it increased from 5.7 mg/dm° to 12.3 rgg/
(maximum level recorded). K content dropped to 2.9 mg/dm~, and in
March 1979, it rose again (8.0 mg/dm ) and dropped rapLd.ly the next
month to 2.6 mg/dm”. Another instance of K increase in the groundwater
was observed between May and November 1979 showing the values
from 3.7 mg/dm3 to 12.7 mg/dm3. In December 1979, K content was
reported at 2.9 mg/dm3.

Temporary increases of K content (to about 8 mg/dm3) were obser-
ved in wells B.9, B-13, B-14. Between 1977 and 1979, potassium con-
tent in other wells ranged from 2 to 4 mg/dm3,

It can be concluded that the influence of disposal operations on K
content in the groundwater appeared in January 1977 and continued at
various degrees of intensity through the end of the investigation. Pollu-
tion from potassium was greatest north of the disposal pits 200-300
meters away in the direction of groundwater flow., Howewver, the increase
in potassium in the groundwater affected by the disposal site was much
less than the sodium levels recorded.

Calcium (Ca)

The content of Ca in laboratory leachates wvaried from 5.2 io
355.9 mg/dm~, averaging 75.9 mg/dm3. Before disposal operations, Ca
conricentrations in groundwater wvaried from 3.5 mg/dm3 (well B-8) to
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71.14 mg/dm3(we11 B-7). During the initial period of disposal operations,
from November until December 1976, the Ca content in groundwater
varied from 6 mg/dm3 (well B-8) to 30 mg/dm3 (well B-5), but most
frequently it did not exceed 20 mg/dm3. The first increases in Ca
appeared at the end of 1976. In November and December 1976, higher
values appeared in well B-6 (38.5 mg/dm3) and in well B-2 (27.0
mg/dm3). At the same time Ca content in the other wells was from

7.5 mg/dm> (well B-8) to 16.7 mg/dm3 (well B-7).

Between the end of 1976 and June 1979, a continuous increase of
Ca content was observed in well B-6, It periodically dropped but never
below values observed in other wells, It varied from 20 to 52 mg/dm3
with an average wvalue of 24.3 m dm3. In 1978, it ranged from 30 to
50 mg/dm3, averaging 43.6 mg/dm”. In the first six months of 1979, it
was between 40 and 67 mg/dm3 and its average value was 51.5 mg/dmS.
By July 1979, Ca content decreased to about 20 to 30 mg/dm3, and
for the remainder of the reporting period Ca concentrations averaged
40,5 mg/dm3,

A continuous increase of Ca content was observed in well B-2
and in March 1979, reached a maximum of 63 to 69 mg/dm>. In 1977
Ca content ranged from 20 to 39 mg/dm> (average value 27.6 mg/dmg).
In 1978, it was between 30 and 57 mg/dm3, averaging 44.4 mg/dm3.
During the first three months of 1979, the concentrations varied between
26 and 69 mg/dm3 (average 52.4 mg/dm3). From April 1979 Ca content
decreased to 24 to 44 mg/dm3 and the average for the last nine months
was 34.6 mg/dm3.

Ca levels in well B-1 began to increase in October 1977 (21 mg/dma)
and in March 1979 it reached 79 mg/d.m3. During the last three months_ -
of 1977, Ca content varied from 21 to 40 mg/dm° (average 32.5 mg/dm3);
in 1978, it was 30 to 50 mg/dm3 (average 41.7 mg/dm3); during the first
three months of 1979 it varied from 29 to 79 mg/dm3 (average 60 mg/dm3).
After April 1979, a gradual decrease of Ca content to about 30 mg/dm3
was observed in the well.

A continuous increase of Ca content was also observed in well B-3,
It began in October 1977 (20 mg/dm3) and lasted until March 1979
(70 to 76 mg/dm3). During the last three months of 1977 it remained
between 20 and 33 mg/dmSJ, averaging 25 mg/dm3; in 1978 it averaged
36.2 mg/dm3, During the first three months of 1979, it ranged from 30
to 76 mg/dm3 (average 52.5 mg/dm3). After April 1979, as in wells B-2
and B-1, a decrease of the Ca content was reported and generally varied
between 30 and 40 mg/dm3 (average 34.6 mg/dm3),

Increased Ca content was observed in well B-5 between September
1978 and March 1979. During that time it ranged most frequently between
35 and 40 mg/dm3. After September 1979, one small increase (20 to
35 mg/dm3) occurred. Ca content in other wells varied from 8 to
33 mg/dm? .between 1977 and 1979.
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It may be concluded that the content of Ca in the groundwater was
influenced by disposal operations from 1977 through the end of the
investigation (1979). The acquifer was slightly polluted 200-300 m north
of the disposal pits, i.e., in the direction of groundwater flow, The pollu-
tion, however, was not very significant and the levels of Ca reported
did not deteriorate the groundwater below drinking water standards.

Magnesium (Mg)

The content of magnesium in laboratory leachates varied conside-
rably, ranging between 0.42 and 21.85 mg/dm3 and averaging 7.3 mg/dm3.
Mg content in the groundwater before disposal operations was from
2.12 mg/dm3 (well B-3) to 28.06 mg/dm>. In the period 1975-1976 Mg
levels in the groundwater were considerably lower than values observed
in 1974, and varied between 3 and 7 mg/dm3. Temporary increases were
observed simultaneously in all wells during that period.

Beginning in 1977, Mg content gradually began to change. In Janu-
ary 1977, an increase (9.35 mg/dm”) was observed in well B-6, while
in other wells it generally did not exceed 7 mg/dm3. Throughout 1977
until August 1978, Mg levéls Temained between 9.0 and
13.5 mg/dm3; however, temporary decreases to 4 to 6 mg/dm3 were noted.
The content of Mg gradually increased from an initial value of 6.0 mg/dm3
to 15.8 mg/dm3 observed in January 1979. Also in January the content
of Mg in all wells located beyond the disposal zone increased conside-
rably (most frequently about 10 mg/dm3), and remained at that level until
the end of 1979, Between February 1979 and the end of the year Mg
content in well B-6 varied between 8 and 13 mg/dm3.

In June 1977, wells B-1, B-2, B-3 and B-17 also began to show
increased Mg content. Increases in Mg in well B-1 occurred in two
cycles. The first cycle lasted from June 1977 until September 1978
increasing from 7,0 mg/dm3 to 19.6 mg/dm3, Then it dropped to 11.0
mg/dm3 for a short time. The secand cycle comprised the period between
October 1978 and January 1979, During this time, Mg content increased
gradually to a maximum value of 26.0 mg/dm3. It gradually lowered, and
in April 1979, it was about 18 mg/dm3. Levels at the end of 1979 were
from 8 to 10 mg/dm3, also the levels found in wells located beyond the
disposal zone,

Mg content in well B-2 increased in a similar manner. In the first
cycle (June 1977 to September 1978) Mg content gradually increased
from 8.2 mg/dm3 to 20.0 mg/dm3. The second cycle occurred from
October 1978 to January 1979. During that time Mg content increased
to 21.6 mg/de. In February 1979, the level began to drop and by the
end of the year, it usually ranged from 10 to 16 mg/dm3.

Increased content of Mg occurred in well B-3 from June 1977 to
January 1979. During that period the levels varied between 7 and
15 mg/dm3, and only in December 1978 and January 1979 it did reach
17 and 28 mg/dm3, respectively. Then it dropped first to 13 mg/dm3
and then in June 1979 to about 8-12 mg/dmS>, the level observed in
other wells.
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In well B-17, increased content of Mg (9 to 13 mg/dm3) was obser-
ved only from June 1977 until August 1978. In this well, Mg remained
stable, although periodic variations occurred.

In well B-5 the content of Mg gradually increased from April to
July 1978, rising from 8.8 mg/dm> to 23.6 mg/dm3. Then it decreased
and, except for a temporary increase to 19 mg/dm3 (April 1979) it
remained at a level of 8 to 10 mg/dm?3,

Periodically high values of Mg were recorded in well B-13 (15.4
and 14.4 mg/dm3 in April and October 1978) and in well B-10 (13.2
mg/dm3 in November 1978). .

The effect of the wastes on Mg content in the groundwater began
in 1977 and remained considerable until the beginning of 1979. In the
first six months of 1979, the content became less significant. It should
be emphasized that after January 1979 the content of Mg in the ground-
water samples from all tested wells increased considerably as compared
to values observed during the initial period of disposal and ranged from
8 to 12 mg/dm3 in the wells located beyond the disposal influence zone.
The polluted area included the aquifer north of the pits, 200-300 m in
the direction of groundwater flow.

Manganese (Mn)

The content of manganese in laboratory leachates varied from
0.035 to 2.995 mg/dm3, an average of 0.729 mg/dm3. During the initial
period of disposal operations until June 1975, Mn content in ground-
water ranged from 0.05 mg/dm3 (wells B-9, B-10) to 0.387 mg/dm3
‘(wells B-11, B-12). From that time some changes in Mn content occur-
red.

From July 1975 to September 1977, higher concentrations of Mn
were found in well B-1 where they varied from 0.5 to 0.8 mg/dm>.
In November 1975 and April 1977, it reached 1.2 mg/dm3. In other wells
the Mn content did not exceed 0.3 mg/dm3. Then in April 1978, the
content increased to 1.35 mg/dm3, and in October 1978 to 0.60 mg/dm3.

Higher values of Mn occurred also in well B-3 in December 1975
and in February 1976 (0.45 mg/dm3), in August 1976 (1.46 mg/dm3),
in April 1977 (0.70 mg/dm3, and in April 1978 (1.55 mg/dm3). Between
these peaks Mn content varied between 0.10 to 0.20 mg/dm3. A conti-
nuous increase of Mn content (0.35 to 0.50 mg/dm3) was observed from
August 1978 until May 1979, :

An  increased level of Mn was veriodicallv revorted in well B-?2.
A very high level (1.70 mg/dm3) was observed only once, in April
1978, while lower values (0.40 - 0.50 mg/dm3) were noticed in Septem-
ber and October 1979,

In well B-5 increased levels of Mn were observed in September,
1975, November 1976 and May 1977 ranging from 0.40 to 0.80 mg/dm3.
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At other times, Mn content ranged from 0.20 to 0.30 mg/dm3. From A:)pril
1978 until October 1979 a steady increase in Mn (0.40 - 0.99 mg/dm’) was
observed.

Well B-6 showed higher Mn content occasionally in December 1976
(0.81 mg/dm>) and from September until December 1978 (0.38 to 0,50
mg/dm3). ‘

It may be concluded that the influence of disposal on Mn content
in the groundwater was different from its influence on other components.
Pollution from Mn was not continuous and appeared at various times,
and generally earlier than other pollutants. Further it did not necessarily
appear in the same wells as other pollutants, but mostly in wells under
the influence of disposal. The origin of this phenomenon is not readily
understandable and did not correspond to the laboratory leachate tests.

The disposal operations affected the aquifer 200-300 m north of
the disposals.

Iron (Total Fe)

The content of total iron in laboratory leachates wvaried from 0.11
to 75.8 mg/dm3, averaging 24.6 mg/dm3. The content of this component
in groundwater prior to disposal operations (1974) varied from well to
well and fluctuated periodically. [t ranged from 0.0 mg/clm3 (wells B-6,
B-7, B-8 and others) to 10 to 13 mg/dm3 (wells B-1, B-2). During the
initial period of disposal (during 1975) Fe content remained variable.
Its concentrations were similar to concentrations observed in 1974 and
varied from 0.1 mg/dm> (wells B-3, B-5, B-6 and others) to 13 mg/dm®
(wells B-1, B-2, B-5, B-13 and others). In 1976 the Fe content in
groundwater changed signhificantly.

The increase of Fe in well B-1 was irregular. In January 1976, it
was 12.3 mg/dm?3 while in January through March 1977, it reached
a maximum of 28 mg/dm3. From then until the end of October 1978 Fe
gradually decreased to about 0.1 mg/dm>”, also observed in other wells.
Then during November 1978 it rapidly increased to 12 mg/clrn:3 and
remained at that level until the end of March 1979. Until the end of
the reporting period, Fe content ranged from 1.5 to 2.0 mg/dm:”.

In well B-2 an increased Fe content was observed from the
beginning of 1976 until the end of 1979, In 1976, 1977 and the first
six months of 1978, Fe content most often ranged between 1.5 and
2.0 mg/dm3. Starting in July 1978 until March 1979, it gradually incre-
ased from 8.0 mg/dm3 (August 1978) to a maximum of 17.0 mg/dm3,

It dropped to 0.5 mg/dm>, except in 1979 when it reached 6.0 mg/dm?,

A gradual increase in Fe content was observed in well B-5 from
September 1978 until March 1979. During that period it rose from
1.65 mg/dm3 to 12.2 mg/dm>. Then it dropped below 1.0 mg/dm3; however,
once in December 1979 a level of 2.5 mg/dm3 was observed.

104



200

16.0

1.0

16.0

1979 -

L4 W
47 :
[y o8 St
¢
:r
v
m
£ = .
.
§
mmﬂ M
12 N N i
€
A
rC -
i
Fon
14 s .
[V -
[*
W
L
¥ % ™ |
i oo sff
[¥ k sC
°
e
- |
§ |
3 ;!
2 i
£ ;
: A
|
g o ¢ & @ 9 2
Q @ @ - 9 =] e

105

Fig.9-29.The diagram of Fe content



In well B-3 Fe content was higher from August 1978 to May 1979;
however, the maximum (9-11 mg/dm°>) was observed between December
1978 and March 1979. Additional episodes of increased concentrations
of Fe occurred in April 1978 in well B-6 (1.21 mg/dm3) and well B-13
(1.71 mg/dm3), and from March to May and in December 1979 in well
B-14 (1.0 - 3.8 mg/dm3), In other wells total Fe content between 1977
and 1979 varied between 0.1 and 0.4 mg/dm>3.

It may be concluded that disposal effected an increase in the
content of total Fe in groundwater north of the disposal site. The pollu-
ted area was smaller than the area affected by the previously discussed
pollutants (100-150 m). Pollution of the groundwater by Fe was slightly
different as compared to other components. It appeared earlier, at the
beginning of 1976 (after the first year of disposal operations) and
remained evident until the end of the investigation. Maximum Fe levels
appeared earlier (at the beginning of 1977) while maximum values of
other pollutants appeared as late as in March 1979, No continuous
increase of Fe content in well B-6 was observed, however this pheno-
menon was characteristic of other components.

This different behavior of Fe is difficult to explain and without
apparent reason.

Ammonium (NH41

The content of NH, in laboratory leachates varied from 0.32 to
4.46 mg/dm3, averaging 1.73 mg/dm3. During disposal operations its
content in groundwater ranged most frequently (except in November
1979) from 0.1 to 0.5 mg/cim3 except in wells B-1, B-6 and B-17 where
considerable increases of this ion appeared periodically. Higher NH4
levels were noticed in well B-1 in 1975 and in wells B-6 and B-17
after September 1977,

In 1975 higher levels of NH, in well B-1 (1.0 to 1.6 mg/dm3)
appeared in two cycles. Each time NH,A concentration rose then dropped
to values observed in other wells, The first increase was noticed early
in 1976 and was observed until May 1977 (concentrations 0.7 - 2.0
mg/dm3). Then NH, content decreased to levels observed in other
wells, i.e., 0.1 - 0.2 mg/dm>, and lasted until March 1979. The next
period of increased NH4 content began in May 1979, reaching its
maximum of 6.8 mg/dmS3 and remained at a level of about 2.5 mg/dm>
through the end of the observations.

The first indications of NH, increase in well B-6 appeared in
September 1977 when its concentration was 1.14 mg/dm>. In August
1978, it was 1.60 mg/dm3. In December 1978 NH, content was 4.54
mg/dm3 and grew to a maximum of 8.90 mg/dm3 in May 1979. Then it
decreased slightly and remained at a level of 6-8 mg/dm3 through the
end of 1979,

NH, content in well B-17 increased from 1.0 to 1.3 mg,/clm3 during
the period: September 1977 to February 1978 and to 1.9 mg/clm3 in
December 1979. Higher NHy levels were observed in well B-14 (1.0 to
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3y .
- 1.2 mg/dm”) in September and November 1977, in well B-10 (1.2 mg,/dm3)
in August 1979, and in all wells in November 1979,

On the basis of the above it may be stated that the increase in
NH, in wells B-1l, B-6 and B-17 were caused by the disposal opera-
tions. All these three wells were in direct downstream flow of the
pollutants. Pollution of groundwater from NH, was not continuous, but
appeared periodically with varying intensity. The highest pollution level
recorded occurred during the first six months of 1979 later than other
pollutants (the fourth year of disposal operations). The disposal opera-
tions affected the aquifer for a distance of about 100 m north of the
site, the smallest area influenced by a particular pollutant in this dis-
cussion.

Phosphate (PO, )

The content of phosphates in laboratory leachates ranged from
0.036 mg/dm3 to 3.140 mg/dm3, and its average was 0.522 mg/dm3.
During the period January 1975 to June 1976 the content of PO, in
groundwater in all tested wells varied from 0.002 mg/dm3 to 0.d% mg/dm3.
Only in September 1975 did the value in all tested wells increase to
0.01 - 0.06 mg/dm>. From then until the end of the observations PO
concentrations remained between 0,03 and 0.09 mg/dm3; however in
April 1978 it was about 0.09 mg/dm> in the majority of wells.

It was found that the irregularity of P04 distribution in tested wells
did not indicate any influence of the disposal site on pollution in the
groundwater. However, the potential of pollution exists which is indica~
ted by the greater content of PO4 in laboratory leachates.

Cvanide (CN)

The content of CN in laboratory leachates wvaried from 0.003 to
0.066 mg/dm3 (average 0.025 mg/dm®).

During disposal operations the content of CN in groundwater ranged
mostly from 0.002 to 0.006 mg/dm3 except for wells B-1, B-2, B-5, B-7,
B-9, B-10, B-15, B-17 in which higher wvaiues (0.0lO to 0.025 mg/dm3)
were occasionally observed. Increased levels of CN were observed in
well B-1 in November 1976 and April 1978; in well B-6 in August 1976
and December 1978; in well B-10 in June and August 1976 and in
well B-17 in February and April 1978, Higher CN values were observed
once in wells B-7 and B-9 in August 1976; in well B-5 in November
1976; in well B~15 in February 1978; in wells B=13 and B-14 in April
1978; and in wells B-2 and B-3 in December 1978. Additionally, bet-
ween March and May 1979 all the tested wells showed higher concen-
trations of CN (0.10 - 0.20 mg/dm3).

Distribution of CN in groundwater during disposal operations indica-
ted that the impact of disposal operations on the pollution of ground-
water by this ion is doubtful. Observations at wells B-7, B-9 and B-10
located outside the disposal influence zone, suggest that temporary
increases of CN content might come from other socurces. Also, the poien-
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tial of pollution is not clear because the concentration of CN in labora-
tory leachates wvaried considerably.

Phenols

The content of phenols in laboratory leachates wvaried from 0.008
to 0.088 mg/dm3, averaging 0.0282 mg/dm3, During disposal ope rations
phenol content in groundwater ranged from 0.002 to 0.007 mg/clm3
except in monitoring wells B-1, B-2, B-3, B-6, B-7, B-~11l, B-14 and
B-16 where higher concentrations of phenols (0.010 - 0.014 mg/dmS)
were observed.

In 1975 higher values appeared only in well B-3; in 1976, high values
were found in B-7 and B-l1l. During the next two years (1977 to 1978) phenols
content did not increase in any of the monitored wells. As late as November
1979, higher concentration of phenols appeared in five wells (B-1, B~2, B-6,
B-14, B-16).

Distribution of phenols in groundwater, observed du;ing disposal '
operations, does not clearly indicate the impact of the disposal operations.,
Temporary increases in phenols levels might be due to other factors.

This conclusion is based on the that higher values were also
observed in the monitoring wells situated outside the direct disposal
zone (B-7, B-11 and B-14), and that increased levels of phenols were
observed in the final phase of disposal operations, i.e. in November
1979, while the contents of other components at the same time dropped

significantly.

Aluminium (Al)

The content of Al in laboratory leachates wvaried from 0.175 to
38.500 mg/dm3, averaging 11.71 mg/dm3. In 1974 before disposal ope-
rations began Al content in groundwater ranged from 0.0 mg/dm
(wells B-8, B-10, B-13 and others) to 0.376 mg/dm3 (well B-9). During
the initial period of refuse storage (1975 and the first six months of
1976) distribution of Al content in groundwater did not change as com-
pared to levels observed in 1974, The concentrations were still between
0.05 mg/dm3 (wells B-3, B-2 and others) and 0.35 mg/dm3 (well B-1),

From August 1976 to August 1979 Al values in most wells, 3
except B-1, B-2, B3, B-5 B-6 and B-17, still did not exceed 0.1 mg/dm
Most frequently it was about 0.05 mg/dm3; however, in April 1978 and
March 1979 the concentrations in all wells were from 0.20 mg/clm3
(well B=-7) to 0.70 mgfdm3 (well B-1), and from 0.22 mg/dm> (well B-1)
to 0.42 mg/dm3 (well B-9), respectively. By the end of 1979 (November
and December) Al content in all wells was higher than 0.1 mg/dm3 and
most frequently varied from 0.15 to 0.20 mg/dm3.
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Periodically higher levels of Al were observed between August
1976 and August 1979 in the wells under disposal influence, i.e.
in wells B.1l, B-2, B-3, B-5, B-6, B-17; however, in each well the
increases appeared at different times and with different intensities. First,
well B-1 showed higher Al content in August 1976 (0.9 mg/dm=), and
again (0.8 - 2.6 mg/dm3) in January through May 1977, The maximum
content noted during that period was 2.6 mg/dm3, Another high Al level
(to 0.25 mg/dm3) yas in observed in this well in November 1977.

Higher Al levels (0.15 to 0.17 mg/dm3) were found in well B-2 in
March through May 1977 and in November 1977 (0.12 mg/dm3). Then
from June until October 1978, the content again gradually increased to
a maximum level of 0.47 mg/dm3,

Higher concentrations of Al were observed also in well B-3 in
May 1977 (0.17 mg/dm3), in February through April 1978 (maximum
0.12 mg/dm” to 0.25 mg/dm3) and in August 1978 (0.10 mg/dm3).

In well B-5 increased levels of Al were observed in May 1977
(0.15 mg/dm3), November 1977 (0.25 mg/dm3) and from June through
December 1978 varying from 0.17 mg/dm3 to a maximum of 0.40 mg/dm>,
found in October. :

In well B-6 increased Al content appeared for short periods of
time. Higher values (0.11 to 0.22 mg/dm?) were periodically observed
in May and November 1977, and in August and December 1978.

creased Al content was observed in well B-17 in September 1977
@12 mg/dm3) and from June through August 1978 (0.20 to 0.25
mg/dm3),

It may be concluded that periodically higher Al content in ground-
water was due to disposal operations. This is confirmed by the fact
that increased Al levels were found in wells situated in the direction
of groundwater flow. The aquifer was polluted 200 to 300 m north of
the disposal site. The highest concentrations of Al were found in the
closest wells situated 50 to 150 m from the disposal pits.

Zinc_ | Zn)

The content of Zn in laboratory leachates wvaried from 0.360 to
3.085 mg/dm>, and its average was 0.883 mg/dm3. The content of Zn
in groundwater during disposal operations showed periodic changes,
the difference being many times higher or lower than levels found
prior to disposal. In 1975, Zn concentrations ranged from 0.020 mg/dm
(well B=7) to 0,07 mg,/dm:'3 (well B-3). Cnly in September were con-
centrations in all wells from 0,10 to 0.24 mg/dm3. In July Zn levels
reached 0.325 mg/dm3 in well B-6,

3

In 1976, especially during the first six months, Zn content in all
wells was considerably higher than in 1975 and wvaried from 0.5 to 4.2
mg/dm3. Values higher than 0.5 mg/dm> were found in wells B-1
(£.20 mg/am3), B-& (1.40 to 3.75 mg/dm3), and in B-2, B-12, B-13,
B-it¢ (0.8 to 1.2 mg/dm3). During the second half of 1976, and until
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the end of 1979 Zn content occasionally fluctuated between 0.05 to

0.10 mg/dm and 0.15 to 0.20 mg/dm3. Water samples from the remaining
wells showed periodic increases. In well B-1 a higher content of 2Zn 3
was noted in November 1977 and in June 1978 (0.169 and 0.150 mg/dm)
while in the remaining wells the content did not exceed 0.05 mg/drr. .

In March 1979 the maximum value in well B-1 was 0.53 mg/dm and in
November 1979-0.26 mg/dm?3,

In well B-2 higher concentrations were observed in November 1977
(0.127 mg/dm3), in March 1979 (0.165 mg/dm3) and in November 1979
(0.470 mg/dm>). In well B-3 increases appeared in January and Novem-
ber 1977 (0.285 mg/dm3 and 0.175 mg/dm3, respectively). In June 1978,
it was 0.11 mg/dm> and in March 1979, 0.147 mg/dm?3.

In well B-5 higher concentrations of Zn (4.0 mg/dms) were observed
in June 1978,

Slightly increased Zn content (0.21 to 0.23 mg/dm3) was observed
in well B-6 in September 1977 and April 1978.

TIn well B-8, the content increased in February and June 1978 to
0.19 and 0.16 mg/dm3 In well B-9, increased content_of Zn aPPbeared

T Ttwice: in February 1978 (0.28 mg/dmvjy annd November 1979 (0.420
mg/dm3).

In well B-13 Zn content rose to 0.5 mg/dm3, observed in November
1979, In well B-14 Zn content increased in May and November 1979,
the levels being 0.46 and 0.80 mg/dm3, respectively.

In wells ‘B-15 and B-17 hxgher content of Zn was observed only
once, in April 1978 (0.325 mg/dm3) in well B-15 and in well B-17 in
December 1978 (0.525 mg/dm3).

Conclusions are that the distribution of Zn in groundwater does not
indicate that the disposal operations were clearly responsible for the
pollution. Increased levels of Zn were observed in wells situated in the
direction of the groundwater flow (within the disposal's area of influence)
but were also found in other directions. However, the increases
appear more frequently and at higher levels in wells within the disposal
zone, which indicates the influence as quite possible.

Copper (Cu)

The content of Cu in laboratory leachates varied from 0.019 to
0.925 mg/dm> and its average value was 0.197 mg/dm3. During disposal
operations Cu content in groundwater normally ranged from 0.003 to
0.017 mg/dm3, Only in wells B-1, B-3, B-5, B-6, B-7 and B-10 were
periodic or singular increases in Cu observed that were higher than
those in other wells.

The most significant and longest lasting increases in Cu levels

were found in wells B-5 and B-3, while in wells B-1, B-6, B-7 and
B-~10 the increases were lower and temporary.
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1376 and 1977 in the wells outside of the disposal influence _
- (B-13 and B-1%).” T

In well B-5 increased Cu content (0.650 mg/dm3) appeared in
August 1976 and remained at this level until January 1977, then dropped
until April 1978, however they remained higher than normal (0.180 to
0.270 mg/dm?3).

In well B-3 increased Cu content (0.210 mg/dm3 to 0.420 mg/dm3)
appeared in August 1976 and remained high until January 1977,

In well B-1 increased Cu content (0.165 mg/dm3) was observed
in March 1976 and in well B-7 higher Cu values (0.440 mg/dm>)
appeared in November 1977. During April 1978 higher Cu concentrations
(0.150 to 0.170 mg/dm>) were noticed in wells B-6, B-7 and B-10. At
the same time levels in other wells never exceeded 0.03 mg/dm3.

“Some increased 1eévels oFf copper were found at the start of

It may be concluded that increased Cu content in groundwater was
very. probably caused by the disposal operations. This was confirmed
by increased concentrations of Cu appearing mostly in wells located
in the direction of groundwater flow, north of the disposal site. The
most significant pollution was measured 100 to 150 m from the disposal
pits.

Lead (Pb )

The content of Pb in laboratory leachates wvaried from 0.034 to
0.271 mg/dm3, and its average value was 0.196 mg/dm3. The content
of Pb in groundwater during disposal operations ranged from 0.010
mg/dm3 to 0.060 mg/dm3. Only between June and December 1978 was
it lower (0.002 to 0.010 mg/dm3). Concentrations higher than the above
were seldom observed, e.g., in well B-5 in November 1977 (0.22 mg/dm®)
and in August 1979 (0.072 mg/dm3). In both cases Pb content was
4 to 10 times higher than levels found in other wells. Single increases
in Pb content (0.110 mg/dm3) appeared in March 1979 in well B-10
ard in well B-7 in May 1979 (0.28 mg/dm3) - both wells outside
the disposal influence zone.

" The distribution of Pb in groundwater during disposal operations
does not indicate any contribution from the disposal site. The temporary
increases in Pb concentrations in some wells may have been due to
sources other than the disposal site. The extremely high levels found
in well B-5, located about 50 m from the disposal site, may implicate
the refuse as the source of the pollution; however, increases observed
in wells B-7 and B-1l0 are probably related to other factors. Although
the pollution potential of Pb is great, as evidenced by the high concen-
trations found in laboratory leachates, the absence of high levels of Pb
in water samples from wells around the disposal site is most likely due
to lead’s low leachability from the refuse. -
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Chromium (Cr)

The content of Cr in laboratory leachates varied from 0.011 to
0.089 mg/dm> (average 0.036 mg/dm>). The content of Cr in ground-
water during disposal operations ranged from 0.002 to 0.008 mg/dm>,
except from September 1975 through March 1976 and in May 1977
when it was between 0.008 and 0.015 mg/dm Temporary mcreases
were observed in well B-5 in September 1977 (0.02 mg/dm ) in well
B-7 in June and December 1978 (0.01 mg/dm3), in well B-17 in June
1978 (0.011 mg/dm3), and in well B-2 in March 1979 (0.012 mg/dm3).
Temporary increases of Cr in the above wells, except in well B-5
were insignificant, about 30 to 50 percent higher. In well B-3, it was
much higher [about 300 percent).

In light of the above it may be assumed that significantly higher
Cr content in well B-5 was caused by the disposal operation. The
lack of any increase in Cr in the wells situated within the disposal
influence zone may be related to the small amount of Cr in the refuse,
Slightly increased concentrations in well B-7 were probably due to
other factors (even though it is north of the disposal site in the
direction of groundwater flow), because few increases in levels of
other components were observed in that well

Arsenium (As)

The content of As in laboratory leachates wvaried from 0.008 to
0.133 mg/dm3 and the average was 0.058 mg/dm3,

During disposal operations As content in groundwater varied con-
siderably at different times. Increased As concentrations appeared in
all wells in June 1976, from November 1977 to September 1978, from
April to August 1978 and in December 1978, During these periods,
concentrations generally varied from 0.01 to 0.06 mg/dm3, but sometimes
reached 0.1 mg/dm3 At other times, it was usually slightly higher than
0.008 mg/dm3 Higher concentrations were occasionally observed in
June 1976 1n well B-12 (0.48 mg/dm> ), in January 1977 in well B-5
(0.44 mg/dm?3), and in well B-10 (0.30 mg/dm3

The distribution of As concentrations does not indicate that the
disposal site impacted groundwater pollution. The absence of As was
probably due to the small content of As in the refuse. The observed
increases in As were probably related to other factors.

Strontium (Sr)

The content of Sr in laboratory leachates varied from 0.037 to
2.050 mg/dm3, averaging 0.406 mg/dm3, Until March 1976, Sr content
in groundwater ranged from 0.05 to 0.15 mgg,/dm3 with few exceptions.
Higher concentrations of 0.2 mg/dm3 were sporadically observed in
some wells (B-14, B-2, B-3). In March 1976, the distribution of Sr
gradually changed in certain weils; higher Sr concentrations were
observed during various time periods. Longer lasting increases of Sr
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content were noticed in wells B-2 and B-6, but in wells B-1l, B-3, B-5
B-8, B~14 and B~17 increased concentrations appeared intermittently.

In well B-2 3Sr content increased sighificantly beginning in June
1976, but until January 1977, it appeared as a temporary increase.
From March 1977 until March 1979, the levels increased steadily.
First the concentration increased to 0.30 mg/dm3 in June and to 0.25
mg/dm3 in November 1976. Then from March through November 1977,
it increased from 0.25 mg/dm> to a maximum of 0.335 mg/dm>. Until
March 1979 Sr content in this well lessened, and remained at a level
of about 0.180 to 0.190 mg/dm>.

In well B-6 increased Sr concentrations were observed continu-
ously from Janua?r 1977 until April 1978. By May 1977, it increased
from 0.275 mg/dm> to 0.490 mg/dm3, and by April 1978 the level had
decreased to 0.135 mg/dm3, a level only slightly higher than in other
wells at that time.

Increased Sr content (0.285 mg/dm ) was observed in well B-1 in
November 1977, but in April 1978, it was less significant (0.145 mg/dm3).
In March 1979, it rose again to 0.217 mg/dm>~.

In well B—3 increased Sr concentrations were found in April 1976
(0.215 mg/dm3), in August 1978 (0.185 mg/dm3), and in March 1979
(0.235 mg/dm3). A single increase in well B-5 was observed in Novem-
ber 1977 (0.150 mg/dm3). In well B-8 hx%her Sr content appeared from
August 1976 when it reached 0.40 mg/dm? until January 1977 (0.20
mg/dm ). In well B-17 increased Sr concentrations occurred in July
1977 and.remained until the end of 1978. During that period the levels
ranged from 0.180 to 0.199 m dm3, and only once in November 1977
did it increase to 0.270 mg/dm”., Additional singular increases were
observed in well B-14 in August 1976 (0.400 mg/dm3) and in November
1976 (0.260 mg/dm3).

Based on the above results it may be concluded that increased
concentrations of Sr in groundwater was caused by the disposal site,
This influence was observed north of the disposal pits not more than
300 m away in the direction of groundwater flow., Singular increased
concentrations of 3Sr noted in wells B~l4 and B-8 were probably due
to other factors. Large numbers of wells polluted by Sr illustrate high
mobility of this pollutant and may prove to be one of the most hazar-
dous,

Mercury (Hg)

Sxe content of Hg in laboratory leachates varied from 0.6 to 10.9
ug/dm” averaging 5.17 mg/dm>, During disposal operations the content
of Hg in groundwater varied considerably.

During the first period of disposal operations (1975) as well as

in the final phase (from October 1978 until the end of 1979) Hg con-
tent in all wells most {requently ranged {rom 0.4 to 0.3 }ug/dm3
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Throughout 1976 and until August 1978 concentrations were much
higher and except during early 1976 and in August 1978, the levels
were in most cases 0.8 to 1.5 ug/dm~. Hg content early in 1976 in the
majority of wells (B-3, B-6, B-7, B-8, B-9, B-10, B-14) was from 1.6
to 2.6 ug/dm® and in August 1978 it ranged from 2.0 to 10.0 ug/dm?S.

Distribution of Hg content in groundwater, regardless of time or site,
does not indicate disposal as a factor responsible for the pollution.
Concentrations of Hg in groundwater higher than in laboratory leachates
were observed in wells located in the direction opposed to groundwater
flow. This suggests that the polilution must be due to other factors.

Cadmium {(Ca)

The content of Cd in laboratory leachates varied from 0.005 to
0.056 mg/dm3; the average was 0.024 mg/dm3, During disposal opera-
tions Cd content in groundwater did not display considerable variations.
Until October 1978, concentrations of cadmium in all tested wells most
often wvaried from 0,001 to 0.003 mg/dm3. After December 1978 Cd con-
centrations increased slightly in some wells, but the average did not
exceed 0,005 mg/dm3. Higher content of Cd was observed in wells B-1,
B-2, B-3, B-5 and B-86.

In well B-1 increased concentrations of Cd (0.006 to 0,009 mg/dm3)
appeared in December 1978 and remained at those levels until the end
of observations. In well B-2, as in B-1l, increased concentrations (0.00’?
to 0.008 mg/dm3) were observed from December 1978 to August 1979.
In well B-3 higher Cd concentration (about 0.01 mg/dm3) appeared
between March and August 1979. High levels occurring as temporary
increases were observed in well B-6 in December 1978 (0.009 mg/dm3)
and December 1979 (0.007 m39_,/dm3) and in well B-5 in March and
December 1979 (0.006 mg/dm=>).

While analyzing the above data it may be assumed that part of
the increase in Cd content in the groundwater 200-300 m north of the
disposal site may be atiributed to the refuse. In that part of the aquifer
outside the disposal influence zone, no increase of Cd in the ground-
water was observed. The low level of pollution was probably due to
low concentrations of Cd in the refuse.

Molyvbdenum (Mo)

The content of Mo in laboratory leachates varied from 0.003 to
0.029 mg/dm3 and its average was 0.017 mg/dm3,

During disposal operations Mo content in groundwater generally
varied from 0.001 to 0.005 mg/dm3, except in November 1978 when the
levels varied from 0,05 to 0.45 mg/dm3., Only in wells B-1, B-2, B-3,
B-7, B-9, B~10, were periodic increases observed.

Increased concentrations of Mo were found simultaneously in the
above wells by the end of 1976 and from April to June 1978. In well
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B-1 Mo content was 0.019 to 0.025 mg/dm3, in well B-2 0.185 to
0.172 mg/dm3, and in well B-3, 0.030 to 0.050 mg/dm3, in wells B-9
and B-10 (0.150 mg/dm3 to 0.125 mg/dm3). Levels in other wells did
not exceed 0.008 mg/dm~,

It may be concluded that the impact of disposal on Mo content in
groundwater was not demonstrated. High concentrations, above values
found in laboratory leachates were observed in three wells located
within the zone of clear disposal influence and in two wells outside
this zone. The influence of disposal on pollution from molybdenum is
doubtful, but was proved possible by its presence in laboratory leacha-
tes.

Boron (B )

The content of B in laboratory leachates varied from 0.095 to
3.600 mg/dm3, averaging 0.855 mg/dm>. From the beginning of disposal
operations in 1975, until June 1976 B concentrations in groundwater
did not generally exceed 0.03 mg/dm3. From then until the end of the
investigation, the content in all tested wells was somewhat higher and
ranged from 0.03 to 0.08 mg/dmS3. Additionally, in wells B-1, B-6, B-8,
B-13 and B-14, temporary increases of B were observed.

In well B-6, a continuously high content of B (O 100 to 0.200
mg/dm ) was seen early in 1977 and remained through the end of 1979,
In well B-1 higher concentrations (0.136 mg/dm3) were observed for
a short period of time (March through May 1977). Singular increases
in B content were found in well B-8 in August 1976 (0.142 mg/dm3)
and in May 1977 in wells B-13 and B-14¢ (0.113 mg/dm3 and 0.154 mg/dm
respectively).

Based on the above data it may be concluded that levels 5
to 6 times higher than normal observed for three years in well B-86,
as well as in B-1l, were caused by the disposal site. Small increases
in B concentration measures in wells B-8, B-13, and B-14 were pro-
bably due to other sources of pollution.
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SECTION 10

STATISTICAL ANALYSIS OF HYDROCHEMICAL TESTS

In order to verify conclusions of the effects of refuse on ground-
water quality, three principal pollutants (TDS, Cl and SO,) were statis-
tically analyzed. Statistical methods were utilized to formu%late a model
for the pollution and present proper statistical hypotheses, verify these
hypotheses through selected tests, and discuss the results.

The tests comprised measurements of these components between
1974 and 1979. For analysis of digital data, the programs including
basic statistical analysis and analysis of variance for binary classifi-
cation without replications were applied. A discussion of the computed
results are presented in the conclusions.

THEORETICAL BASIS

Statistical Model

P - the disposal area
T - time passed since the start of disposal operations.

The assumption is that pollution of groundwater by a given compo-
nent, at point p¢ P, at moment t <0,T> , ls a random variable x (t,p)
with an expected value y (t, p), variance 2(t,p) and distribution f,,
p(x). If the disposal operatxons do not affect groundwater quality, then
for p = pj, values H (t, pi), 6 (t, pi) and the distributions f,c p(x)
should be the same for each te <0,T> . The effect of disposal on
groundwater quality can then be investigated by verifying the following
hypothesis:

H /\ t,/\' <0,T> u(ti, p) =u(tj,

o’ g P v Y
(the symbol 7\ is read as: for each).

An hypothesis formulated in this manner is usually verified using tests
for significance., Choice of the tests depends on random variable x
(t, p) assumptions, the measurements diagram and their number. The
applied scheme of sampling justifies the choice of variance analysis
to tests and disprove the hypothesis Ho' In order to apply other tests
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or verify other hypotheses, related for example, to the distributions f,,
p (x), basic tests characteristics (which are known variables of the
x (t, pj) variable for pj and the x (ti’ p) variable for t.) were deter-
mined. The formulae used in calculation programs for basic analysis
and variance analysis are given below. In order to simplify the notation
the symbols "i" for "ti" and "j" for "pj" were introduced.

Basic Analvsis

)
We assumed that )’xi' , I = 1, ..., n means a collection of measu-
rements which were known variables of the random wvariable x. Basic
statistical assessments of the random wvariable x Iinclude:

Average:
n
S
- i =1
X =
n
Variance:

Standard deviation:

. =V E

Half - interval of confidence for the average:

where:

Si = — standard deviation of the average,

t & - value of statistics of t - Student for n-1

degree of freedom and the condifence level 1-A.
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Confidence interval:

(x-d, x + d).

Variance analvysis

As a result of tests the observation matrix ){xi.} , 1 = 1,.., r,
j = 1,...k, were obtained, LY
where:

r = number of measurements (tests)
k = number of wells,

The mathematical model for variance analysis is expressed by the
equation:

Xl] Sfu'+ (/"li-u) + (!Z]-M) + e 1_]
i = 1,0, r, j = 1l,..,k
where:

Ad, "ui’ (Zj are constants, with:

r

S (u - w)

i=1

k
= jgl N, =»

random wvariables g

]
(@)

are idependent and have, normal distribution
with the average zero and identical variance

-

>

A A
Estimators of the model (1) components are: A, “1’”-# respectively,
calculated from the test with the following equaltions:
r K
k

A - i =1
Moo= X, =

, total average,

k , average for measurements
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r
A Z i

, average for wells,

The total sum of squares is divided into three independent addends
which represent the influence of each component on the model (8).

Total sum of squares:

r k r
G = Z }—_(x..-i..)2=2_l

i=1 j=1 Y

Sum of squares for measurements:

2
r k 2 ( r kK \\'

r ~ X.. < N

_ _ 2 > |2 T \ L 2 XU/
R = k Z (xi.. = X..) = j=1 \j=1 = \i=1  j=1
i=1 . k r k
Sum of squares for wells:
2 2

Sum of squares for random deviations:

E=G~-R-T
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Diagram of Variance Analysis

Number Sum Average Expected B
of of square values of ave- cal.
Degrees squares rage squares
~of
Freedom
k
<~ (D _.\2
2 T 6 2 j%l(kju). s®r
Wells k-1 T ST = T +r 1 52

2 R
Measure- R 2 1
ments r-1 R Sr = 1 04 r-1 S2
Random 2 E 2
deviation (r‘l)l U“Q E R CE D N G
Total rk-1 G
The hypothesis H_ = My = My =My = e =4, regarding the identity

of averages for m%asurements in time is tested and disproved using
the F Test.

>
N 1 - = ;D is compared with the value read from the table
cat S of F distribution for V, = k-1, V (k=1) (r-1)
degrees of freedom anﬁ the adopzted significance
levelO(
If:
Fcal.>/ FTAB:L - we refuse the hypothesis Ho’

l-?c:aJ..< FTABl - no basis to refuse HO.

The hypothesis H = \'Z l’l = .. 'z , about identity of averages
. o . &1 2 k
for wells is checked in e same manner.

The t « Duncan test can also be used to examine the significance of

dszerences between averages. In order to compare a group of averages
x_. , 1= 1, ... r, (each is determined from k rephcatxons) it is

neces::ary to calculate:

Standard deviation of averages’ difference:
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SD=S.‘\/__%'

Empirical value of maximum difference of averages:

1

D, = max x; . - min }'c'l.
i=1,r J i=1,..,r
Limiting value of r averages’ difference for the significance level X :

r
Dgr = t(. SD

where: tu(r is a value of the t - Duncan test for r averages
and the number of degree of freedom of the determined
standard deviation S and significance level ¢XA .

The t - Duncan test enables the determination of groups of averages
which are not significantly different from each other, and which include
m<r elements. In order to calculate limiting differences it is necessary
to take the correct value of to{ ™ from the t-Duncan distribution
tables.

DISCUSSION OF CALCULATION RESULTS

Basic statistical analysis and variance analysis were performed for
three pollutants: TDS, Cl and 30 . Calculations were based on data
from 86 series of measurements on samples from 11 wells. Because of
the lack of some data only 72 complete series of samples (for all
11 wells) were used for the variance analysis. Results of the calcula-
tions are- included. The averages of data are presented on diagrams.
All hypotheses were verified at a significance level = 0.05. Variance
analysis of the three pollutants showed that differences between wells
and differences between measurements are statistically significant.

Results of the F Test are as follows:

For wells For measurements
Name
of P B signifi- N B signifi-.
pollutant cal “tabl. cance cal. tabl. cance
T™DS 31.1 1.845 b’ 5.89 1.31 x
Cl 21.62 1.845 b4 7.737 1.31 b4
SO4 41.14 1.845 x 6.88 1.31 x
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Application of the t-Duncan test fo form homogenous groups of the
wells' averages gave the following results:

Name of Group 1 Group 11 Group 1l Group IV Group V
pollutant (Well No.) (well No.) (Well No.) (Well No.) (Well No.)
TDS 8 7 5,10,9,13 14,3 1,2,6
Cl 8 5,7,10, 14,3 1,2 6

13,9
S0, 7,8 10,5 9,13 14,6,3 1,2

Based on the above data it may be assumed that the lowest levels
of each tested component were observed in well 7 or 8. The highest
concentrations of these pollutants were observed in wells 1, 2 and 6.
Because of the larger number of measurement averages it was difficult
to group wells. Therefore, measurement averages were grouped accor-
ding to the year of the test.

The hypothesis concerning homogeneity of averages, for measure-
ments taken in one year periods, was verified. The results are given
in Table 10~-1. In light of the data presented in Table 10-1 the null
hypothesis was rejected. Application of the t-Duncan test to verify the
significance of the maximum difference between averages of all years
cannot be the basis for rejecting the homogeneity hypothesis for that
group of averages. Maximum averages do not form a homogenous group
in statistical meaning. The range of pollutant level variability increases
significantly as time passes.

Averages by one year periods were determined for each well.
Values of these averages with a 95 percent confidence interval are
presented in Figures 10-1 to 10-3. Results of testing the significance of
maximum differences between one year averages for the five-year period,
for each well and for all wells, are detailed in Tables 10-2 to 10-4.
From these data, one may conclude that no significant differences
between the five yearly averages (1975 through 1979) exist in wells:

7, 8, 9 for TDS

7, 8 for Cl

8 for 504.

In the remaining wells, average concentrations increase every vear,
and the differences are statistically significant. The average concentra-
tions from all wells by a yearly period, also increases significantly.
The greatest differences are observed between yearly averages in
wells 1, 2 and 6. These increases in levels of pollutants may also be
expressed as percentage increases as compared to levels found in
1975, These percentage ratios are also presented in Tables 10-2 to
10~4.

Statistical analysis of TDS, Cl and SO 4 concentrations indicated
that:
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- there are statistically significant increases of pollutant concenirations
during successive years of disposal operations;

- in some wells within the disposal influence zone, no significant
differences were observed, and;

- statistically significant interrelationships exist between the pollutants’
content increase and the location of the well.

It may be concluded that the average increases in TDS, Cl and
S0 ,,. estimated by statistical methods, were caused by the disposal
ope€rations, which confirms the expectation. The areas of greatest influ-
ence were located in the vicinity of wells 1, 2 and 6. It should be
remembered that these conclusions are based on statistical methodology
with a 95 % level of confidence. Additional study is necessary to raise
the hypothesis to the range of a thesis,

CONCLUSIONS

Application of statistical methods in preparing and analyzing of
pollutants’ concentration is obligatory in investigating coal wastes
disposal effect on groundwater quality. These methodologies enable:

- the correct calculation of average values of pollutant content,

- the determination of the statistical significance of observed changes
and their quantitative evaluation, and

- the collection of justifiable conclusions to the investigated problem.

Conclusions obtained from the statistical analysis would be more
complete if there were a control group of measurements made prior to
disposal operations. These methods of data estimation should be com-
pleted with the analysis of time sequences. This would allow an esti-
mate of trends of the pollution and the determination of periodic fluctu-
ations.



Table 10-1

Analyses of Null Hypotheses Related to Averages

for Measuring with t - Duncan Test

H :x = x, D eee =

° i il s Where i = 1, ..., 5

*i+16

H : :’cmm(75) =x . (76) = ;‘cmin(w) = imi (78) = x_. (79)

o min n min
HO + xmax(75) = xmax(76)’ = xmax(77)_ = xmax(78) = xmax(79)
Name of
characte-~ 1975 | 197611977 |1978 |1979
ristic
max, 212.09|287.45|320.73)314.73|366.92 | S, = 36.69
’I‘DS(l) min, 117,18{138,00{171.91{178.73{192.77|D gr(17)=88.79
Diffe-
rences | 94.91|149.45{148,82|136,00|174.15{D gr(5) =79,97
X X X X X
max, 18.91] 23.64] 31.64] 44.60| 51.15|S = 4.87
L (1) min, 13.41| 13.54{ 20.64f 21.64| 18,08{D gr(17)=11.78
Ditte- 5.49| 10.10] 11.00| 22.96| 33.07|{D gr(5) = 10.62
rences x x ‘
max. 67.13] 83.82 71.20/127.64{147.15| S = 16,04
(1) min, 33.36] 37.64] 49,04 49.18| 56.67|D_ (17) = 38.8
SO0 gr
4 Diffe~
rences 33,77 46,19 22,16 78.46| 90.55|D gr (5) = 34.96
) X X X
Tos(2) 192,77-117,18 = 75,59 366,92-212,09 = 153,83
»-d
2
c1 {2 18.08-13,41 = 4,67 51,15~ 18,91 = 32,24
X
so,(2) 56.67-33,36 = 23.31 147.15- 67.13 = 80,02
X
1 - Differences are compared with Dgr(l7)' -

2 - Differences are compared with Dgr(5).

x - Differences statistically significant,
Each average is calculated from 11 data points.,
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_Increase as Compared to 1975

Number e _ ;f“a i Maximum}
of well differenc
1975 1976 1977 1978 1979

1 153.13 180.61 226.88 356.92 511.6 358.47
100 118 148 233 334 x
5 167.06 218.00 267.23 398.59 412.59 245.54
100 130 160 239 247 x
3 177.18 182.78 211.47 320.23 394.00 216.82
100 103 119 181 222 x
5 130.88 165.05 167.88 230.82 261.29 130.41
100 126 128 176 200 x
6 142.41 180.28 432.65 357.29 383.06 290.24
100 127 304 251 267 x
- 140.35 136.94 132.23 125.41 175.25 49.84
100 98 94 89 125
8 115.35 108.33 98.23 109.65 123.41 25.18
100 94 85 95 107
9 209.94 231.50 183.82 191.53 231.41 47.68
100 113 90 93 113
10 1431.00 195.61 211.59 196.23 192.47 70.59
100 139 150 139 136 x
13 170.5 180.88 217.00 221.25 252.62 82.12
100 106 127 130 148 x
14 188.53 205.00 237.77 237.65 303.76 115.23
100 109 126 126 161 x
Aver 157.37 179.94 216.98 247.40 293.19 135.82
veragel 4100 114 138 157 186 x
SD (difference of averages for wells) = 29.5 Dgr (5) = 64.3
Sk (difference of 1 year averages) = 8.97 Dgr (5) = 19.55
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" Table 10-3. Average Cl Content (in mg/dm®) and Dynamics of Percentage
. _Increase as Commared to 1875 = . T

Number . Maximum
of well difference
1975 1976 1977 1978 1979
1 14.87 18.36 20.29 45.54 60.6 45.73
100° 123 136 306 407 x
5 12.36 - 14.78 38.0 48.65 49.41 37.05
100 120 307 394 400 x
a3 18.60 15.86 24.23 42.88 42.65 26.79
100 85 130 230 229 x
5 11.98 12.11 17.47 27.65 31.41 19.43
100 101 146 231 262 x
6 16.94 19.64 49.38 54.18 49.35 37.24
100 116 291 320 291 x
” 17.26 17.69 18.12 19.76 22.75 5.49
100 102 105 114 132
8 12.44 14.25 14.71 16.47 14.12 4.03
100 114 118 132 113
9 17.49 18.86 25.41 27.47 26.94 2.98
100 108 145 157 154 x
10 18.15 18.55 21.59 27.53 22.23 9.38
100 102 119 152 122 x
13 14.56 17.05 20.25 27.69 29.0 14.44
100 117 139 190 199 x
14 19.14 18.47 29.35 31.0 35.0 16.53
100 97 153 162 183 x
Average | 15.82 16.9 27.4 33.3 34.68 18.86
100 107 173 210 219 x

Sy (wells) = 3.92

Sh (average) = 1.18

Dgr(S) = 8.54

Dgr(s) = 2.58




" Table 10-4. Average SO Content (in mg/dm3) and Dynamics of Percentage
_Increase as Compared to 1975

Number Maximum
of well R — , . . . difference
1975 1976 - 1977 1978 -t 1979~~~
1 66.97 68.92 89.87 145.46 228.6 161.63
100 103 134 217 341 x
2 66.32 78.09 79.69 168.65 186.53 120.21
100 118 120 254 281 x
3 59.38 51.21 64.02 119.47 157.29 106.01
100 86 108 201 265 x
5 44.56 42.70 50.47 82.0 95.76 53.06
100 96 113 184 215 x
6 34.17 39.14 99.47 94.53 125.94 91.77
100 114 290 277 369 x
- 23.41 15.36 12.77 16.41 46.06 33.29
100 66 54 720 197 x
8 35.76 22.24 25.4 290,82 29.0 13.52
100 62 71 83 81 x
9 68.96 65.73 39.41 52.47 86.12 46.71
100 95 57 76 125 x
10 34.74 51.09 38.64 54.65 62.12 27.38
100 147 111 157 179
13 51.72 60.07 70.11 73.37 91.94 . 40.22
100 116 135 142 178 x
14 54.63 59.52 68.61 72.82 109.88 55.25
100 109 126 133 225 x
Average | 48.94 50.08 57.95 87.37 110.0 61.06
100 102 118 166 225 x -
Sh (wells) = 12.9 Dgr(S) = 28.13
Sp (average) = 3.9 Dgr( 5) = 8.5
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Table A-1. The Results of Coal Refuse
Laboratory lLeachates Analyses

No. Determination Unit = Semple ;"°' 1 - = Sample No. 2
L 2 73 1 S,
1, Smetl Z29 z23 z28 zls 223
2, tnitial turbidity ma/dm> 0,. - 5900 8600 20200 14800
3. Turbidity after 3 centrifugings - - 700 260 - - -
1, Conductivity uSs 1300 540 720 900 210
5, pH 7,6 7,6 7,9 7.7 7.3
v
B, Hardness german 0,80 0,63 - 0,75 0,65
grade
7. Basicity m veLl/de 1.9 1,9 - 1,95 2,25
8, Acidity - m_vaildm? 0,42 0,16 - 0,20 0,10
9. Oxygen demand mg,&;{m3 0, 0,5 0,5 - 1,2 -
10. Oxygen demand-organic mg/de 02 20,6 5,4 - 448 -
11. Dry residue mg/dm> - - 5491 5799 10383
12, TDS mefdm> 708 960 1348 2005 1480
13. Mineral dissoived substances rng/dm3 623 797 1078 1807 1319
)
1a. Volatile dissolved substances mg[dm3 82 163 270 198 161
s, | a mf dm> 286 105 78 55 7
16. so, . mafem” sa 37 27 281 39
17, NNOJ mg/am? 2,1 0,99 - 2,3 0,25
18. NNo2 mgfdm> 0,035 0,040 - 0,001 0,054
19, NNH4 mafam> 0,69 0,14 0,62 -
20, N _albumine mg[dm3 0,37 - - - -
21. Po, mg/dm> | 0,038 0,322 - 1,0 0,358
22, CN__free mg/dm> | 0,007 0,008 - 0,016 0,015
23, Phenols mg/am> | 0,400 0,560 - 0,280 0,005
24, Fe totat malam> | 0,530 1,525 - 2,225 0,775
25, ret?t me/am> | 0,030 0,880 - 1,680 0,332
26. rett* mg/dm> | 0,500 0,645 - 0,54 0,44
272, 1 mn mgfdm> | 0,200 0,100 - 0,165 0,290
28, Ca mg/dm> 10 10 12 11 14
20, | wmg mafam> | 0,330 0,780 1,40 1,55 1,45
30. Na ma/dm> | 217 137 164 216 117
31, K mg/am> 9 5 6 10 5
32, Al mngm3 0,005 1,40 1,75 4" 2,50
33, | cr mgfdm> | 0,010 0,006 - 0,012 0,009
34, As ﬂbma 0,010 0,008 - 0,020 0,010
35, Pb mg/dm>_{ 0,016 0,500 - 0,042 0,026
36, Cu mg/dm>_| 0,031 0,038 - 0,043 0,033
37, Zn - mg/dm> | 0,175 29,25 - 3,750 0,145
28, Hg ugfgm> | 2,0 0,4 0,6 0,5
39, Sr mafam> | 0,020 0,040 - 0,035 0,050
40, sio, mefdm> | 2,1 - - 0.6 0,5
21, | B mg/am> |0,410 0,023 - 0,019 0,012
42, Mo, mgfam® 0,014 0,011 - 0,004 0,003
43, cd mgf/am> 10,002 0,023 - 0,005 0,001
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Table A-2.

The Results of Coal Refuse
Laboratory Leachates Analyses

Oct. 3, 1976
Leaching no,
Nuo,| Det erminat ion Unit
5, s, BN
1. Smell z2s zls zls
2, Conductivity 7 us fem 1030 580 340
3| pm T ot 8,05 8,0 7.3
4, Hardness grades 3s1 0e 9 0,3
3. Basicity mvaifdm> 2,3 2,0 0,3
6, Acidity mvat/dm> 0,2 Op1 0408
72| T.D.8. mefdm? 1441 as2 317
8.] T.D.min, majam? 109 121 107
9. T.OW. mgfam> - 1032 531 220
10. C,C.D, inst, mafdm® 2, Ls %8 0.8
11, C.0.D, org, mafam? 0, 28 28 1,6
12, c1 ma/dm> 148 44 3
3] so, mg/ am> 198 10 5
14, NNOa rng[de 3,02 0,30 De61
18, Nno, mg/dm> 0,016 0,015 0,006
16.]  Nuug g/ dm3 0,12 0,21 0,16
17. N alb, mgfdm> 0,50 0,57 0,52
18,] PO, mag/dm> 0,046 0,096 0,162
19,4 cN mgfam? 0,001 0,001 0,001
20, Phenols mg/dm> 0,002 0,003 0, U086
23] sioy mg/ dm> 0,8 3,9 5.1
22/ e total ma/do’ 0,35 14,90 20, 40
23]  pe** majam? - - -
24,  Fet** mg/am> - - -
2s, Mn mg/ dm> 0,065 0, 400 0,375
26, Ca: ma/dm> 3,8 10,0 6,4
27, Mg mg/dm? 5,75 11,00 5,10
28, Na mg/dm* 262,5 38,5 56,0
29, K mgfdm> 12,8 5,7 8,5
30, mg/dm? 9,5 7,4 57,0
. ecr mg/am? 0,009 0,013 0,014
32, As mg/dm> 0,013 0,014 0,022
33| Po mg/dm? 0,040 0,083 0,100
34, Cu mafam> 0,043 0,098 0,100
sl  2zn mg/dm> 0,079 0, 205 0,090
36. Sr mg/f am? 0,050 0,015 0,065
3z, cd maf dm® 0,013 0,051 0,007
18, Mo mg/ dm? 0,002 0,006 0,001
39, B ma/dm® 0,080 0,045 0,025
40, Hg ugi dm> 2,8 2,4 2,2
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Table A-3.

The Results of Cocal Refuse
Laboratory Leachates Analyses

Feb,

. 8, 1977

Leaching na,

Ny Det erminat [on Unit
. s, s, EN
1, Smell zls z29 zls
T‘Z " Conductivity o ps fem 410 140 150
). ot T ots 8,2 8,25 8,7
4, Hardness grades L1 0,6 1,1
ER Basicity mva_llc‘ll’rl3 2,8 i 146 1,2
6.  Acidity mvaijdm> st 0l %2
7. T.D.3. mg/dm:‘ 986 238 215
a. T.D.vin. mafam 780 136 116
3. T.DV. mg dm® 206 102 100
10  C.C.D. inst, mgfam> 2 2,2 L0 0,9
11, C,0,D, org, rng,,um3 02 L2 191 1,0
12, ci mef am> 34 10 15
13, SO, mgfam® 43,5 24,0 23,4
1 Nnaa mgbm> 0,37 0,08 0,06
. Nno, majam> 0,054 0,013 0,009
16, NaHg mgfdm> 1,14 0e24 0,005
1. N alb, : mefam” 0,05 0,13 0485
18, PO, mejam> 0,068 0, 380 ©,800
9 ©CN mgfdm> 0,0045 0,0028 0,0015
20, Phenols mg/dm3 0,064 0,020 0,014
21, 5102 mg/dm3 443 3,1 3,1
22, Fe total majam? 16,300 . 500 2,090
N ot mafam3 $,000 0,900 0, 500
Fett mafdam> 12,300 5,600 1,590
Mn mgfdm> 0,308 0,155 0,055
26, Ca mg/dm3 2,5 6,0 4,0
:. Mg mgf am®> 4,45 3,40 1,31
28, Na mafdam> 159,0 8,3 4,2
20, K ) mafdm> 11,6 3,1 2,0
;30. Al mg]dm3 540 3,9 1,5
1. cr ma/dm> 0,014 0,015 0,006
a2, As mg/dm> 0, 100 0,010 0,011
|33, P mgfom> 0,105 0,056 0,076
34, Cu e/ dm> o130 | o052 0,086
_;5. Zn mg/ dm® 0,380 0,140 0,115
36, Sr mgfam> 0,170 0,085 0,100
37, Ccd . mgf am? 0,0062 0,0033 0,0028
38, Mo rr-s;/dm3 0,006 0,0005 0,002
3a, B mglde 0,725 0,300 0170
-
40, Hg yitfm? n,8 2,8 0,6
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Table A~4. The Results of Coal Refuse
Laboratory Leachates Analyses
May 27, 1977
Leaching no,
N, Determination Unit
=y %, 83

1, Smell B zls z28 zls

2, Conduct ivity L ps [em 810 150 170
3, pH oM 8,5 9,8 2,9
4. Hardness drades 3,0 1.6 1,2

3. Basicity mvall de 2,4 3,2 2,1

6, Acidity mvalidm? 0,8 087 0,4

7. T.D, S, mgldm 690 234 130
a.| T.D.Min, g am> 596 144 72
9. T.D.WV. g/ am> 94 20 58
10.]  C.C.D. inst. mefdam> %2 112 1,0 0,9
11.] C.O0.D. org. naiam> 0, 2.4 1,8 1.3
12, cl mg/dm 180 52 32
13, SO, mefdm 108 16 10
14.| NNo3 mg/dm’ 2,16 0,30 0,07
15.]  Nnca mg/ dm> 0,036 0,025 0,016
16, NNHg m@fdm? 0,47 0,28 0,22
1?2, N alb, mgl:im3 2,08 0,11 0,13
18, POy @sldmJ 0,012 0,006 0,018
19, N msldm3 2,025 0,007 0,006
20, Phenois mgldm> 0,003 0,008 0,005
21|  sioy mg/ dm> 3,4 3,5 4,2
22. Fe total mgjdm 2,600 2,000 3,800
23, Fe’* ma/am> 0,065 0,030 0,100
24, Fet¥* mafdm> 2,535 1,970 3700
25. Mn mg/dam> 0,230 0,125 0,098
26, Ca mgldm3 2,3 1,6 1,9
27. Mg mafdm> 2,5 1,3 1,0
28. Na mafdm® 172,58 46,0 37,5
29, K . mg/dm> 6,7 3,1 2,2
30. me/dm> 4,35 2,95 3,40
st cr ma/ dm> 0,030 0,016 0,019
32, As mafam> 0,045 0,038 0,050
23, Pb . mafdm° 0,027 0,042 9,042
34, Cu mafdm> 0,045 0,030 0,020
35, Zn mg[‘dma 0,250 0, 143 0,110
36. Sr mafdm> 0,050 0,050 0,030
ar. Cd - 0,002 0,002 0,001
as. Mo me/dm> 0,612 0,009 0,003
39, B mg/am> 0,043 0,032 0,020
40, Hg yg[dma 4,0 640 0,9

154




Table A-5.

The Results of Coal Refuse

Laboratory Leachates Analyses

Sept., 27, 1977

Leaching no,

155

No.| Det ermination Unit
Sl 52 SJ
1, Smell p>% Y 1l s
2. Conduét ivity MS 850 600 3850
3] o o oH 8,55 8,45 8,9
4, Hagdness grades 0.3 a,s 0,8
S.| ° Basicity mval/dm> 2,0 2,8 3,2
6. Acidity mvu.\fdmj - - -
7| T.D.8. ma/am> 738 270 262
8. T.D.min. mgjdm> 708 268 262
9| T.DWV wg/dm> 32 2 o
10,  C,C.D. Inat, mg{dm> 22 1,2 1,1 1,1
11, C.0.D, org. mg/dm3 0, 2,8 2.6 2,8
12 a mefam> 120 28 14
13, so, mgjam> 87 a8 46
12, NNoOa maf dm> 2,42 0,54 0,52
15| Mo mafdm> 0,174 0,046 0,035
16.]  Niug maf am> 1,87 9,09 2,8
17, N alb, maf/dm> 0,08 0,18 0,45
18. PO, ma/ dm> 0,84 1,26 1,24
19 cw mg/dm> 0,031 0,029 0,006
20. Phenois m@fdm? 0,00% 0,003 0,002
21| sio, . mafdm® 7.0 8,0 6,8
22, Fe total ma/dm> 8,00 8,99 11,20
230 met™ mafam3 0,95 4,30 6435
21, re** Tn;;./de 5,05 4,80 4,85
25 Mn B mgf/dn? 0,200 0,288 0,27%
26, Ca naf am > 2,8 2,9 2,8
27,  mg mgf am> 0,10 0,17 0,18
28, Na " mgldm? 23,8 11,0 10,0
29, K . mgfam’ 72 $,0 4,7
0. Al mgf dm> 3,20 5,29 7,7%
.l o maf am> 0,007 0,002 0,002
2, As mg/dm?> 0,045 0,050 0,022
33.] o mg/ am? 0,050 0,100 0,059
34, Cu mgfam> 0,018 0,018 0,020
3s]  zn ng/dm> 0,443 0,385 0,260
6. Hg Mgldm> 3,0 2,0 1,5
a7, se g/ dm> 0,080 . 0,060 0,060
38.] cd gl dm> 0,008 0,003 0,002
9. Mo me/ dm> 0,013 0,225 9,140
40, [ n8/am3 0,430 0,225 0,140
Table 2




Table A-6.

The Results of Coal Refuse
Laboratory Leachates Analyses

156

Feb. 2, 1978
Leaching no.
No, Det ermination Uit
5 " 52 53
1, Smeil zls zis zis
2. Conductivity - us 1080 540 400
3, T ot 9,0 9.8 9.9
aq, Hardness grades 1,4 0.8 0,8
S.{ ~ Basicity mvalf dm® 3.5 3,4 2,0
5. Acidity mvaljdm? 0.1 0,1 Q42
7| T.D.s, ma/dm3 8%0 488 328
8. T.D.Min. mgfom> 822 316 208
o] T.DW. r.g/dm> 220 172 117
10, C.C.D, inst, mg/dm3 9, 0,5 0,4 0,4
11, C.0.D, ora. mghim> 93 2,5 2,0 1,9
12 mg/dm> 92 38 38
13.f 30, mgf dm> 141 4 15
14| Mnoa ma/dm® 3,34 0,99 0,38
15, MNnoy mg/ dm> 0,124 0,098 | 0,120
16,0 NNHy mgfam’ 1,20 1,87 0,48
17.] N alb. maf am> 0.12 0,15 0,15
18} PO, ma/am> 0,034 0,022 | 0,012
19, CN mafdm> - - -
20, Phenols mgfdm3 0.00% 0,002 0,008
21 si0, mg/dm> 2,4 1.3 2,5
22| Fe tota mgfdm> 8,90 11,00 10,00
23, pet* mg/am> 1,18 1,8% 0,16
28, Fe*tt mg/ dm> 4,73 9,35 9,04
25, wMn " g/ am? 0,135 0,30% 0,325
26, Ca mglde 14,2 8.3 8,3
27| wms mgfdm? 8,0 4.8 2,8
28, Na mg/dm> 187 88 48
20 K . mg/ am> 9.8 9.2 8.3
30, mg/ dm> 8,7 18,0 11,8
| cr mg/dm®> 0,032 0.024 0,033
32.) As mg/dm’ @,0%0 0.0%0 0,021
33, Pb ma/dm> 0,040 0,080 0,075
34| cu mgj dm> " 9,088 0.110 0,100
26 Zn maldm> 0,310 0,280 0,260
36. Se mgfdm> 0,097 0,168 0,172
a7, cd ngldm> 0,003 0,005 0,003
as, Mo wafdm® 0,015 0,010 0,004
39, B m@jam> 1,67 1,32 0,61
4 Hg ugfdm? 5,0 2.5 2,5
Table 2




Table A-7.

The Results of Coal Refuse
Laboratory Leachates Analyses

Jun. 7, 1978
Lenching no,
N, Determination TInit
ﬂfl 52 SJ
1o Smell 21w z1s z1s
2. Conductivity o T V__ s 810 400 ] 200 T
5 e - ok 9,2 9.5 3.8
4, | Hardness ) T grades 0,8 2,0 2,4 A
s.| - oasicity e mval/dm’ 4,8 1,2 1,1 ]
5.0 Acidity o mvadam? - - N
. T.D.S, mel dm > 850 302 170
sl towin. T agem® | w70 218 FEC R
s T.owv. o o mgldm “r- 180 84 w0 |
10. C.C.D, inst, mafam> 92 . Q0,2 9,1
11.]  c.o.p. ora. - T mag/dm> o, . 2,2 1,8
12, ci o mg/dm 7 -L] 8_7 36
13 so, B m@/dm? 91 20 18
1a.] Nno3 mafdm> 0.200 0,178 0.164
15.{ Nno, malam> 4,78 0,56 0,08
1A, NNHg ma/ dm 0,63 0,48 0,28
17, N alb, mafdm 0,15 0,13 0,12
18, POy meg/dm> 0,036 0,010 0,008
ol on ) a3 0,004 0,003 0,003
20, Phenols mgfdm 9,003 0.003 0,005
21, Si0, mg/dm:, 1,9 1,8 2,0
22,/ Fe total mg)dm 26,20 4,50 2,70
23, ret* mg/dm 0,02 0,06 0,12
24, rettt - mg/dm 26,18 4,44 2,58
25,0  Mn o ma/dm 0,095 0,087 0,070
26, ca ) mgf dm 5,7 7.4 11,4
27, VMg mg/ dm 3,2 6,8 8,4
28, Na N ma/ dm> 186,0 8,2 41,3
29, K T mg/f am?> 8,7 4,7 3,5
0. a1 mafdm> 2.8 2,8 2,2
31.{ cr B o I ma/dm?> 0,013 0,009 0,010
a2, As T mafam® | 0,074 0,016 0,036
33| b ) )  mg/dm? 0,018 0,025 0.050
34 cu I malam? . 0,040 0,028 0,010
5|  zn T I T famd G, 500 0,840 0,650
36.|  se S ) ma/dm> 0,200 0,105 0,060
| ca } T igae® | 0,003 0,002 0,002
38, Mo o Tedam® | T -
.| B T T T agam® T 0,488 0,445 0.340
40 Hy T paldm 4,0 2,0 1,7
Table 3



Table A-8.

The Results of Coal Refuse
Laboratory leachates Analyses

Oct. 11, 1978

Leaching no,

No,| Det arminat ion Unit
Sy S, )

1, Smell z1S z1S zZis

2, Conductivity ns a7s 171 54
3. pH o pH 8.1 &5 7,3
4. Hardnese grades L2 0.6 0.4
3, - Basicity mva.lldm3 2,8 C 2,28 1,7

6. Acidity mvalfdm’ - - -

7.|  T.o.s. mg/ am? 208 154 106
8. T.D.MiIN mafdm> 204 96 82

9. T.D.V. mgldm>: 84 58 24
10, €.c.p. inst. mgfdm 3 02 2,4 2,0 1,6
11,/  C.0.D. org. mafdm> 0, - - .
12.f o mgf dm> 49 a 7
13, 504 mg/dm3 23 9 8
14, NNO3. mafdm? 0,007 0,013 0,007
1s.| Nnoy mgfdm> 0,45 0,07 0,08
16.] NNHg maldm> 020 015 0,09
17, N alb, mgfdm? 0,18 0,20 0,10
18] POy mgfdm> 1,021 0,310 0,500
19, cN mafam> 0,019 0,006 0,003
20.] Phenols mafdm> 0,003 0,003 0,003
21.[  sio, mg/dm? L4 20 3
22.] Fe total mg/dm> L19 1,49 0.94
23. et maf dm> 0,08 Q,30 0,19
24, rettt mg/dm> 1,14 1,19 0,75
25, Mn mafdm> 0,067 ' 0,043 0,022
26, Ca mg/dm> 8,6 3,6 22
27, Mg ma/dm? o 1,0 1,0
28, Na mgf dm3 65,0 20,3 14,8
29, K mgfdm3 2,8 0,8 0,5
30, mg/ am> 3,25 2,75 5,00
3| cr ma/am> 0,008 0,017 0,008
3z, As mef am? 0,002 0,008 0,001
a3, P m@/dm> 0,028 0,003 0,003
3¢, cu mgldm> .0,025 0,008 0,003
s zn mg/ dm> 0,250 0,065 0,045
36. Sr mafdm? 0,017 0,010 0,010
37, cd mgldm:’ 0,006 0,002 0,001
3, Mo mg/dm> 0,002 0,001 0,000
39, B mafdm> 0,260 0,150 0,130
s0,] Hg pal dm? 1.5, 1,0 0,5
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Table A-93. The Results of Coal Refuse
Laboratory Leachates Analyses
i Mar. 2, 1979
Leaching no,
No, Det erminat {on nit
% S2 23

1. Smell 238 228 z2s

2, Conduct tvity » us 720 300 240

3. oH T oH 7465 8,2 8,55

4, Hardness grades 2.5 143 1.3

3, Basicity mval/dm? 4,8 2,9 1,9

6. Acioity mvalam> 02 0,15 0u15

.| T.0.5. ngfam> 726 384 252
8, T.D.Min. maf am> 642 324 240

] T.oM mgf dm> 84 50 12
10,  C.C.D, inmt, mafdm> 0y 03 0,4 0.
11, C.0.D, org, mg[c:imj °z 5,6 5,8 5.8
12, c1 mafdm> 30 11 10
13|  so, mafdm> 164 33 33
14, NNO3 mgjdm3 0,021 0,019 0,010
15, Nno, mgf am> 3,96 1,20 0424
16, NNHg maf dm> 0,91 0,71 0,74
17, N alb, maf am> 0,15 0,16 0,11
18, PO, mal am? 0,008 0,016 0,038
19, CN mif am> 0,026 ~ 0,018 0,018
20, Phenols mafdm? 0,007 0,008 2,003
2. sio, mg/ dm> 1.5 1,8 2,2
22, Fe total wgfcm? 48,70 25,00 2,15
23, Fet* m:,dma 2,45 0,60 0,26
24, Fattt mg/am? 46,25 24,40 1,89
25, Mn ma/dm> 2,550 0,315 0,130
26, Ca. ;,,g/d,.,J a8 5,6 5,6
27, Mg mafdm> 0,8 1.0 1.2
28, Na maf dm? 180,5 58,6 40,2
29, K _”m :\;/-d_ma 24,1 5,3 4,5
2o, Al - mal am3 16,0 5,0 4.4
31, Cr maf am 0,021 0,002 0,002
32, As T eplam® 0,021 0,027 0,016
33, Pb N ;;}Q,.P 0,147 0,069 0,085
24, Cu mg/ dm? 0,730 0,115 0,080
s  zn T mafam? 2,350 0,470 0,285
6. Sc —“;;/dﬂp 0,190 0,030 0,020
a7, Cd - nafdm? T o017 0,003 0,003
38. Mo ——— e . ma/dm ] 0,004 0,004 0,003
30, B h _ T gt am? 0,485 0,320 0,270
40, tHg wafdm 0,2 0,2 0,2
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Table A-10.

The Results of Coal Refuse
Laboratory leachates Analyses

Aug. 21, 1979

Leaching no,
No., Determinat lon Unit
Sy S, %5
1, Smeil e z1S zZ1S z1S
2. Conductivity "s 8100 1150 430
3, pH pH 8.35 a,8 92,05
4. Hardness grades 76,6 25,3 10,8
5, Basicity v;wa‘/dmj 1,9 1.5 1.3
6.1  Acidity mval/dm> 0,3 03 0.3
7. T.D.8. maldm3 3210 840 302
8.l T.omMin, . mgfam> 2872 756 272
9. T.D.V, majam? 338 Se 30
10.[  C.C.D, inst, mg/dam> Oz 31 1,8 1,7
ll; C.0D, org,. mg/de 02 - - -
12 c1 ma/dm> 183 14 5
13, so, ma/dm> 1974 399 130
14, Nnoa magfdm> 0,013 0,002 0,002
15,  Mno, mgjdm? 2,75 0,12 0,15
16, NnHg mgfdm> 0,21 0,09 . 0,02
17.{ N aib, mgl am? 0,28 0,18 0,16
18.] PO, ma/dm> 0,640 0,420 0,360
19 N maf dm? 0,0017 0,0035 0,0050
20.]  Phenole mgfdm3 0,002 0,003 0,003
21§ 3o, mgf dm> 740 58 50
22, Fe total majdm> 0,045 0,050 0,017
23. Fe'™ . maldm? 0,04 0,005 0,008
24, rett* mafdm 0,005 0,050 0,017
25, Mn m;j,;ﬁ Q,023 0,008 0,007
26.] ca T mgfdm® 2139 | 79,3 42,7
27. Mg . mafdm3 190,0 ’ 45,2 14,4
26.| na [ mglam? | 2000 | 293 7,0
29, K o {-Q;/Ad,;s_ﬁ " 2as,0 44,0 28,0
’_3;.- Al T maj am? 0,40 0,15 0,15
31, Cr i ;qlde 0,021 0,008 0,007
3z, As - T i mg[;.f I G008 0,010 0,008
0,025 0,010
0,003 0,006
0,105 0,035
h 0,260 0,190
——o,ooq 0,003
1T 6;004 0,003
1 o.as0 0,200
40, Ha ,.“/,,,,,3 3,6 1,5 0,8
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COMPUTER PRINT-OUTS OF STATISTICAL
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FOLLUTING FACTOR: TDS UNIT: MG/L

MONITORING MWELLS: 1 2 3 5 6 7 8 9 10 13 14
LIMITING DATES: 10 12 74 20 12 7y
NUMBER OF MWELLS: 11 NUMBER OF MEASURMENTS: 72
NUMBER OF
VARIATION DEGREES SUM OF SQUARES MEAN SQUARE F EMPIRICAL
OF FREEDOH
WELLS 10 .2303490704589840 07 -2303490704357464E 06 .311186102451728E 02
HEASURMENTS 71 .3097974727539060 07 -43633446B4645080E 05 .589408922235446E 01
BEVIATION 710 .525562802246094D 07 L7240229298937151E 04
TOTAL 791 .1046570934545898D 08
STANDARD DEVIATION OF TOTAL MEAN 3.05718
STANDARD DEVIATION OF MEAN FOR MELLS 10.13951
STANDARDY DEVIATION OF MEAN FOR MEASURMENTS 25.94100
STANDARD MEASURMENT DIFFERENCE ERROR 121.47410
STANDARD MEAN DIFFERENCE ERROR FOR WELLS 14.33943

STANDARD MEAN DIFFERENCE ERROR FOR MEASURMENTS 36.68612



£€9T

9? K=10 K=11

157.2500 170.84611 1746.1368Y

FOLLUTING FACTOR: TDS UNIT:  AG/L
ORD. WELL EMPIRICAL DIFFERENCES OF K MEANS
NO. NO. HEAN
K=2 K=3 K=4 K=5 K=& K=7
1 8 110.4028 31.1230 66.0139 78.5278 ?5.3472 96.4028 123.5139
2 7 141.5278 34.8889 47.4028 54.2222 65.2778 92.3869 103.0972 126.1250 139.7361 145.0139
3 S 178.4147 10.5139 27.3333 20.3689 55.5000 64.2083 87.2361 102.8472 108.1230
4 10 188.9306 16.8194 17.8750 44.9861 55.6944 78.7222 92.3333 97.8111
S 9 205.7500 1.0556 28.1667 38.8750 41.9028 75.513%9 80.7917
& 13 206.8054 27.1111 37.6194 60.8422 74.4583 729.7361 .
7 .14 233.9167 10.7083 33.7341 47.3472 $52.6250
a -3 244.6250 23.0278 34.46389 41.9167
? 1 267.6528 13.6111 16.8889 .
10 2 281.2639 5.2778
11 & 286.5417
LINIT DIFFERENCES 28.1053 29.95392 30.5430 31.2600 31.8335




¥o1

FOLLUTING FACTOR: CL- UNITs  MG/L

MONITORING WELLS: 1 2 3 S5 6 7 8 91013 14
LIMITING DATES» 10 12 74 20 12 79
NUMBER OF WELLS: 11 NUMBER OF MEASURMENTS: 72
NUMBER OF
VARIATION DEGREES SUM OF SQUARES HEAN SQUARE F EMFIRICAL
' OF FREEDOM
WELLS 10 .282030751245287p 05 .2820307512431&9E 04 .216158958973792E 02
HEASURMENTS 71 .716712698822021D 05 -100945450537636E 04 .773683841392625E 01
DEVIATION 710 .9263637941953872D 05 .130473773829635E 03
TOTAL 791 .1923510724426270D 06
STANDARD DEVIATION OF TOTAL MEAN Q.40588
STANDARD DEVIATION OF MEAN FOR WELLS 1.34616
STANDARD DEVIATION OF MEAN FOR MEASURMENTS 3.44402
STANDAKRD MEASURMENT DIFFERENCE ERKROR 16.15387
STANDARD MEAN DIFFERENCE ERKOR FOR WELLS 1.90375

STANDARD MEAN DIFFERENCE ERROR FOR MEASURMENTS 4.87058



GoT

K=8

FPOLLUTING FACTORT Ci- UNI¥s  MG/L
ORD. WELL EMPIRICAL DIFFERENCES OF K MEANS
NG . NO. HEAN - ——————
K=2 K=3 K=4 K=3 R=é
1 8 14.7014 4.1944 4.2569 6.5625 b.6944 7.7847
2 5 18.9958 0.0625 2.3681 2.5000 3.5903 6.86889
3 7 18.9583 2.30%4 2.437% 3.5278 6.8264 8.8472
4 10 21.2639 0.1319 1.2222 4.5208 6£.5417 B8.4028
S5 13 21.3988 1.0903 4.3889 6.4097 8.2708 9.2083
& 9 22.4041 3.29846 5.3194 7.1806 8.1181 13.5358
? 14 25.7647 2.0208 3.80819 4.8194 310.2569
8 3 27.8056 1.8611 2.7986 8.2341
9 1 29.6847 0.9375 6.3750
10 2 30.6042 5.4375
11 b 35.0417
LIHIT DIFFERENCES 3.7314 3.9217 4.0850 4.1502

11.0833
8.9097
10.7083

9.3403
14.6458

13.1042
10.2708
11.46458
14.7778

14.9653 15.9028
11.7083 17.1458
17.0833

21.3403




98T

FOLLUTING FACTOR: §04= UNIT: MG/L

MONITORING WELLS: 1 2 3 5 6 7 8 910 13 14

LIMITING DATESS 10 12 74 20 12 79

NUMBEK OF WELLSS 11 NUMBER OF MEASURMENTS: 72 .
NUMBER OF : B

VAKIATION  DEGREES SUM OF SOUARES MEAN SOQUAKE F EMPIRICAL
OF FREEDOM -

WELLS 10 .5820952169672650 06  .5B82095216965683E 05  .411393925181078E 02

MEASUKMENTS 71 .690834879882812D 06  .973006873071113E 04  .487669482681627E 01

DEVIATION 710 .100460307935842D 07  .141493391458666E 04

TOTAL 791 .2277533176208500 07

STANDARD DEVIATION OF TOTAL MEAN 1.33661

STANDARD DEVIATION OF MEAN FOR WELLS 4.43304

STANDARD DEVIATION OF MEAN FOR MEASURMENTS 11.34153

STANDARD MEASURMENT DIFFERENCE ERKOR 53.19650

STANDARD MEAN DIFFERENCE ERROR FOR WELLS 6.26927

STANDARD MEAN DIFFERENCE ERROR FOR MEASURMENTS 16.03935



29T

FOLLUTING FACTOR:S - SD4= ~ UNITs- ME/L
ORD. WELL ENFIRICAL DIFFERENCES Of K NEANS
NO. NO. HEAN e e e e e e e s e e e m oo
K=2 K=3 K=4 K=3 K=4 K=7 K=10 K=11
i 7 23.3147 5.1049 25.0750 36.1819 37.4597 45.8292 50.356% 52.9597 872.1153
2 ] 28,4234 19.94681 31.0750 32.3528 40.7222 45,2500 47.8528 56.1944 82.0083 82.4111
3 10 48.3917 11.1069 12.3847 20.7542 25.2819 27.8847 36.2264 42,0403 62.443)
4 S5 59.4986 1.2778 9.6472 14,1750 16.7778 25.1194 50.9333 51.33461
S 9 60.7764 8.3694 12.8972 15.5000 23.68417 47.6556 50.0583 -
6 13 697.1458 4.5278 7.1306 15.4722 41.2861 41.4889
7 14 73.67234 2.6028 10.9444 36.7583 37.1611
a é 76.27464 8.3417 34.1556 34.5583
9 3 84.4161 25.8139 26.2167
10 1 110.4319 0.4028
11 2 110.8347
LIMIT DIFFERENCES 12.28768 12.9147 13.6470 13.9178 14,1665 14,3566 14.4820 14.6074 14.7014

13.3535
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BO1-FPUWB
DATE 15/04/80

STATISTICAL ANALYSIS OF MEASURMENTS FROM 1 12 74 UNTIL 30 12 79
POLLUTING FACTOR - TDS MG/L
WELLS NUMB. MEAN STANDARD CONF IDENCE MINIMUM HAXITHUM
MEASUR DEVIATION HALF INTERVAL VALUE VALUE
NO. MENTS FOR MEAN
I NCD) X<D) S B XHMIN XHAX
1 78 278.4487 ) 167.9254 37.9199 100.0000 884.0000
2 84 293.5833 134.4857 29.2347 123.0000 754.0000
3 8é 256.2674 137.2331 29.4731 ?7.0000 878.0000
S 8é 190.8837 77.5948 16.6648 80.0000 538.0000
é 86 297.7558 146.6220 31.4895 464.0000 &96.0000
7 85 141.5882 71.8862 15.5319 $7.0000 3534.0000
8 86 110.9651 42.3663 ?.0989 58.0000 261.0000
9 86 208.9070 76.2940 16.3804 82.0000 500.0000
10 86 187.47467 82.6974 17.2407 110.0000 832.0000
13 81 208.1111 67.0091 14.8413 ?0.0000 470.0000
14 85 234.5412 ?7.7231 21.1143 61.0000 772.Q000
SuM 929 218.4090 120.7798 7.7648
MAXIMUM AVERAGE POLLUTION - 297.755814 WELLS 6
MINIMUM AVERAGE FOLLUTION - 110.9651146 WELLS 8
MAXIMUM VALUE OF MEAN DIFFERENCE - 186.790498
MAXIMUM VARIANCE - 28198.925907 WELLS 1
MINIMUM VARIANCE - 1794.904451 WELLS 8

VALUE OF F-TEST - 15.710543
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BOI-PWk
DATE 15/04/80

STATISTICAL ANALYSIS OF MEASURMENTS FRONM 1 12 74

POLLUYTING FACTOR - Tbs MG/L

ENPIRICAL DISTRIBUTIONS

NC(I) ~ NUMBER OF MEASURMENTS IN THE 1I-TH CLASS
F*{(I}- FREQUENCY IN I-TH CLASS

F(I) - CUMULATED FREQUENCY IN [-TH CLASS

UNTIL 30 12 79

WELLS CLASS INTERVALS
NO. UNDER FR 100. FR 200. FR 300. FR 400. FRk 500. FK 600. FR 700. QVER
100. TO 200. TO 300. TO 400. TO S00. TI0 400. YO 700. 10 800. 800.
1 N 0 34 22 9 5 3 2 0 3
F/ (L) 0.00000 0.43590 0.2820% 0.11538 0.06410 0.03846 0.02564 0.00000 0.03846
FD 0.00000 0.43590 0.71795 0.83333 0.89744 0.93590 0.96154 0.96154 1.00000
2 N [ 20 3 13 7 4 3 1 0
Fran 0.00000 0.23010 0.42857 0.15476 0.08333 0.04742 0.03571 0.011%0 0.00000
FD 0.00000 0.23810 0.66647 0.82143 0.90476 0.95238 0.99810 1.00000 1.00000
3 MDD 2 30 a3 12 4 2 1 1 1
FIAD 0.02326 0.34884 0.38372 0.13953 0.04451 0.02326 0.01163 0.01163 0.01143
FCD 0.02326 0.37209 0.75581 0.89535 0.94186 0.96512 0.97674 0.98837 1.00000
5 N(D 5 53 22 4 1 1 0 0 0
Fr (D 0.05814 Q.61428 0.25581 0.08451 0.01143 0.01163 0.00000 9.00000 0.00000
F(D 0.05814 0.47442 0.93023 0.97674 0.968837 1.00000 1.00000 1.00000 1.00000
& N(D 6 24 9 27 10 8 2
FPiD 0.06977 0.27907 0.10465 0.31395 0.11628 0.09302 0.02326
FLD 0.04977 0.34884 0.45349 0.76744 0.88372 0.97474 1.00000
7 N(D 24 44 12 H ° [ 0
Fr (D 0.28235 0.51765 0.14118 0.05882 0.00000 0.00000 0.00000 0.00000 0.00000
FeD 0.28235 0.80000 0.94118 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
8 ND) 18 a4 4 0 0 0 0 ° 0
Frn 0.44186 0.51163 0.04451 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
F(D 0.44186 0.95349 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
9 N(D 1 44 32 5 3 1 0 0 [
Frin 0.01163 0.51163 0.37209 0.05814 0.03488 0.01163 0.00000 0.00000 0.00000
FAD) 0.01143 0.52326 0.7953% 0.95349 0.98837 1.00000 1.00000 1.00000 1.00000
10 N(D ° 66 17 2 ° ° ° 0 1
Fr (D) 0.00000 0.76744 0.19747 0.02326 0.00000 0.00000 0.00000 2.00000 0.01163
FeD 0.00000 0.76744 0.98512 0.90837 0.96837 0.98837 ¢.908837 0.98037 1.00000
13 N(D 1 39 32 7 2 0 0 0 0
Ff(D 0.01235 0.48148 0.39506 0.08642 0.02459 0.00000 0.00000 0.00000 0.00000
FO) 0.01235 0.49383 0.808889 0.97531 1.00000 1.00000 1.00000 1.00000 1.00000
14 NI 2 30 38 11 3 0 o 1 0
Frel 0.02353 0.35294 0.44706 0.12941 0.03529 0.00000 0.00000 0.01176 0.00000
F(D 0.02353 0.37647 0.82353 0.95294 0.98824 0.98824 0.98824 100000 1.00000
SUM N(D 79 428 257 95 as 19 8 3 5
Fr D 0.08504 0.46071 0.27664 0.10226 0.03767 0.02045 0.00861 0.00323 0.00538
FLD 0.08504 0.54575 0.82239 0.92465 0.94233 0.98278 0.99139 0.99442 1.00000
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BOI-PWB
DATE 1%5/04/80

STATISTICAL ANALYSIS OF MEASURMENTS FROM 112 74 UONTIL 30 12 79
POLLUTING FACTOR - Tbs He/L
MEASUR DATE OF NUHBER NEAN STANDARD 93 4 CONFIDENCE INTERVAL
HENTS HEASURMENTS WELLS DEVIATION FOR MEAM
NO. LOVER LIMIT UPFPER LIBMITY
] 10 12 74 ? 171.3556 71.7027 116.4401 226.4740
2 14 1 75 io 197.0000 48.6353 162.0677 231.9323
3 3 2 75 11 161.45435 45.5903 130.8285 192.0806
4 18 3 75 it 154.2273 35.4967 130.8817 178.5728
s 8 4 75 11 143.2727 38.1237 117.6625 148.86830
& 29 4 75 11 143.34634 44.0619 133.74643 192.94630
7 22 s 75 i1 146.1818 37.9414 120.4939 171.4697
8 12 & 75 11 139.4364 31.2227 118.4420 160.6107
? 3 7 75 11 181.1618 57.9442 142.2554 22Q.1082
1o 23 7 75 I3 183.3836 47.5083 133. 4470 1972.2783
1t 12 8 75 11 140.1818 79.3093 86.9044 193.4592
12 1 ?® 75 11 122.0000 39.9500 95.1629 148.8371
13 24 ? 75 11 212.0909 29.9582 191.9660 232.2158
14 14 30 25 11 117.16818 45.8428 06.3841 147.9775
15 4 1% 75 11 143.8182 53.8030 107.46751 179.9613
té 25 1t 7S 11 156.8182 40.0495 129.9142 183.7221
1? 16 12 73 11 165.6364 41.5843 132.7014 193.5713
18 6 L 76 i1 179.0000 35.5275 155.1338 202.8662
19 27 1 726 1t 155.2727 28.4869 136.1348 174.4108
20 17 2 76 11 178.4545 29.1079 158.9008 198.0083
21 9 3 7 11 157.54%5 60.3645 116.9946 190.0963
22 a0 3 726 11 138.0000 45.9913 107.1043 168.8955
23 21 4 76 x1 140.5455 35.3507 116.7980 164.2929
24 1t S 76 11 174.0909 45.7853 143.3339 204.8480
25 1 & 76 11 167.6364 36.3428 143.2090 192.0637
26 - 22 &6 76 10 212.2000 92.2940 144.1815 278.2185
27 13 ? 76 8 1646.0000 45.9067 127.4149 204,385
28 3 8 76 11 166.1818 72.4289 117.3921 214.9716
29 24 8 7é6 11 189.2273 48.4254 137.1967 202.2579
30 i4 9 28 1 153.6364 58.3434 114.5775% 192.6952
k}) S 10 27246 11 178.9091 46.2839 133.0382 224.7800
32 26 10 724 11 193.272? . 41.46584 165.2880 221.2574
33 16 11 7246 11 198.6364 76.8704 146.9974 250.27%4
34 7 12 76 11 221.4545 74.8937 171.1434 271.7857
s B 12 724 11 2087.4545 93.8130 224.4341 350.4750
346 18 T 77 11 234.0000° 45.8210 189.78346 278.2164
37 8 2 77 11 320.7273 209.8347 179.7672 461 .4874
38 1 3 77 11 236.7273 126.2482 151.9178 321.53467
39 22 3 77 11 203.9071 125.3263 119.7190 208.0992
40 12 4 77 11 204.1818 119.5323 123.8705 284.4932
41 3 s 77 10 196.4000 1468.0204 92.5199 304.2801
42 24 s 77 11 197.6364 117.1087 118.9666 276.3062
43 14 é 77 11 247.4545 125.9%682 162.8399 332.0692
44 ) ?2 727 11 171.909% 41.0228 130.8824 212.9358
45 26 ? 77 11 237.4543% 112.4545 141.9099 312.9992
46 14 8 77 11 229.5435 115.7500 151.7864 307.3025
47 é 9 77 11 240.3434 107.289¢ 148.2900 312.4373
48 27 9 77 11 197.7273 113.8359 v 121.,2560 274.1965
49 18 10 77 11 196.1818 85.2782 140.8947 255. 4489
50 8 11 77 11 1688.7273 81.9574 133.6710 243.783¢6




TL7T

CONTINUATION

STATISTICAL ANALYSIS OF MEASURMENTS FROM 1 12 74 UNTIL 3¢ 12 79

POLLUTING FACTOR - TDbS MG/L

MEASUR DATE OF NUMBER MEAN STANDAKD 99 /4 CONFIDENCE INTERVAL

MENTS MEASURMENTS WELLS DEVIATION FOR MEAN

NO. LOWER LiMIT UFFER LIMIY
S1 4 12 77 11 178.1818 71.4728 130.1687 224 .1949
52 20 12 77 11 201.81°2 77.7358 149.5844 254.0520
53 10 1 78 11 186.7273 68.0957 140.9828 232.4717
54 1 2 78 11 - 201.4845 67.43%94 156.1510 246.7581
S5 22 2 78 11 178.7273 76 897 127.0081 230.4445
Sé 15 3 78 11 222,3836 4.2287 159.0639 285.6434
S7 4 4 78 11 215.0909 72.0187 166.7111 263.4707
S8 246 4 78 11 219.8182 77.87490 167.5050 272.1314
514 17 S 78 11 254.5455 80.2700 200.6227 308.4682
40 7 6 78 11 250.7273 137.0322 158.6735 342.7810
a1 2 & 78 11 235.4545 108.7422 162.4001 308.5040
42 19 7 78 10 295.4000 185.7550 162.5281 428.2719
63 14 8 78 10 261.8000 128.7010 169.7392 353.8608
b4 30 8 78 10 245.8000 113.1624 1464.8%341 326.7459
6% 20 ¢ 78 11 314.7273 85.6284 257.2049 372.2496
bé i1t 10 78 10 265.2000 150.0317 157.8812 372.5188
&7 3 11 78 11 277.4543% 135.7972 1846.2304 368.6786
&8 22 11 78 11 272.3636 149.4679 191.935460 392.7713
&9 13 12 78 10 300.0000 233.8280 132.7411 467 .2589
70 21 1 79 11 395.8182 242.4697 232.9350 558.7014
71 é 2 79 11 255.8182 74.8837 205.5138 306.1226
72 2 3 79 11 388.7273 290.4345 193.6229 583.8317
73 21 3 79 11 384.0000 249.8844 202.7005 565.2995
74 12 4 79 i1 280.3545% - 160.5044 172.7238 388.3671
75 3 S 79 i1 266.5455 138.34679 173.5944 359.4965
764 22 5 79 11 328.9091 160.8959 220.8245 436.9937
77 13 & 79 10 354.2000 192.8372 216.2622 492.1378
78 3 7 79 11 279.0%909 118.0792 199.7692 358.4126
79 25 7 79 10 340.6000 172.4260 217.2625 463.9375
80 21 8 79 11 292.3636 111.4767 217.4772 367.2500
81 7 ? 79 11 307.2727 118.2447 227.8398 386.7057
82 29 ? 79 11 197.2727 53.4211 161.3862 233.1593
83 17 10 79 10 203.46000 59.5191 161 0284 2446.1716
84 7 11 79 11 251.6364 921556 89.7292 313.4434
85 28 11 79 10 338.8000 646.3606 191 3318 286.2
86 20 12 79 11 215.8182 2.2299 167.2965 264.5399



BOI1-FUB
DATE 15704780

STATISTICAL ANALYSIS OF MEASURMENTS FROM L 12 74 UNTIL 30 12 79
FOLLUTING FACTOK - CbL~- MG/L
WELLS NUMB. MEAN STANDARD CONF IDENCE HINIMUM HAXIHUM
MEASUK DEVIATION HALFINTERVAL VALUE VALUE
NO. MENTS FOR MEAN
I ‘NI XL S(I) Do XHIN XMAX
1 78 30.7628 24.1303 5.4490 8.0000 111.0000
2 84 32.8533 21.7171 4.7209 - 10.0000 104.0000
3 8é 28.46935 18.1735 3.9031 10.0000 111.0000
S 8é 20.0306 10.1722 2.1846 6.5000 49.0000
b 8é 37.6857 22.4001 4.8108 12.5000 96.0000
7 8% 19.0587 8.5195 1.8407 4.0000 48.0000
8 8é 14.3947 5.5656 1.1953 5.0000 34.0000
4 8é 23.1843 7.9893 1.7158 10.5000 G7.0000
10 8é 21.0760 7.4767 1.6057 0.0000 55.0000
13 a2 21.5976 11.2849 2.4837 ?2.5000 62.0000
14 86 26.4990 13.1122 2.8161 7.0000 21.0000
SUM 931 25.0780 16.3083 1.0474
MAXIMUM AVERAGE FOLLUTION - 37.485698 WELLS &
MINIMUM AVERAGE FOLLUTION - 14.394651 WELLS 8
MAXIMUM VALUE OF MEAN DIFFERENCE -~ 23.291047
HAXIMUM VARIANCE - 582.270937 WELLS 1
MINIMUM VARIANCE - 30.975402 WELLS 8

VALUE OF F-TEST - 18.797849
‘



BOI-FuWB

DATE 15/04/80
STATISTICAL ANALYSIS OF HEASURHENTS FRON 3 12 74 UNTIL 30 12 79
FOLLUTING FACTOR - CL- MG/L
ENMPIRICAL DISTRIBUTIONS
N(I) - NUMBER OF NEASURMENTS IN THE I-TH CLASS
F*(I)- FREQUENCY IN 1-TH CLASS
F<¢I) - CUMULATED FREQUENCY IN 1-TH CLASS *
WELLS cCLASS INTERVALS
NO. UNDEK FR 10. FR 20. FR 30. FR 40. FR S50. FK 60, FR 70, OVER
10. T0 20. 10 30. 10 40. T0 S0. 10 &40. 0 70. 10 80. 89Q.
1 NCT) 2 38 9 8 8 4 3 3 5
Fr(Ln 0.02564 0.48718 0.11538 0.10256 0.10256 0.05128 0.03846 0.01282 0.06410
FD 0.02564 0.51282 0.62821 0.73077 0.83333 0.88462 0.92308 0.935%90 1.00000
2 N o 34 5 19 12 é 2 1 S
Freld 0.00000 0.40476 0.05952 0.22419 0.142846 0.07143 0.02381) 0.011%0 0.05952
Fn 0.00000 0.40476 0.46429 0.469048 0.83333 0.90474 0.92857 0.94048 1.00000
3 NCDY o 30 23 19 3 4 3 o 2
Fr (D 0.00000 0.34884 0.26744 0.22093 0.05814 0.04451 0.03484 0.00000 0.02326
FD 0.00000 0.34884 0.61428 0.8372% 0.89535 0.94184 0.97674 Q.97674 1.00000
S NCT) é 48 15 12 ] 0o o Q
Fren 0.06977 0.55814 0.17442 0.13953 0.05814 0.00000 0.00000 0.00000
[ FD 0.06977 0.462791 0.80233 0.94186 1.00000 1.00000 1.00000 1.00000
23 & ND) [} 26 12 13 2 & 10 2
F'<x) 0.06000 0.30233 0.13953 0.15114 0.13953 0.06977 0.11628 0.02326
FaD 0.00000 0.30233 Q.44186 0.59302 0.73256 0.91860 0.94186
49 18 8 4 [ 0 [ [
Fran 0.07059 0.57647 0.21176 0.09412 0.04706 Q.00000 0.00000 0.00000 0.900000
F X 0.07059 0.64706 Q.85682 0.95294 1.00000 1.00000 1.040000 1.00000 1.00000
8 N 11 45 4 3 [ 0 Q o [
Fren 0.12791 0.75581 0.08140 0.03488 Q.00000 0.00000 2.00000 0.00000 0.00000
FLD 0.12791 0.88372 0.96512 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
14 NEDD o 30 44 a8 2 2 o o 0
F'r <D 0.00000 Q.34884 0.51183 0.09302 0.02326 0.02326 0.00000 0.00000 0.00000
D 0.00000 0.34864 0.846047 0.95349 0.97674 1.00000 1.00000 1.00000 1.00000
10 NI 2 35 39 8 1 1 ] o [
Fren 0.02324 0.404678 0.45349 0.09302 Q0.01143 0.01163 ©0.00000 0.00000 ©.00000
FD 0.02324 @.43023 0.88372 0.97674 0.98837 1.00000 1.00000 1.06000 1.00000
13 NCDD) i S0 15 10 D I 4 ) [ Q
FrD 0.01220 Q.60726 0.18293 0.12195 0.01220 0.04878 ¢.01220 0.00000 0.00000
- F{D 0.01220 0.6219% 0.80488 0.92483 0.93902 0.98700 1.00000 1.00000 1.00000
14 N 1 27 26 22 & 2 1 ] 3
Fr«n Q.01163 0.31395 0.30233 0.25%81 0.06977 0.02326 0.01163 0.00000 0.01143
FoD 0.01163 0.32558 0.82791 0.88372 0.95349 0.974674 0.98837 0.78837 1.00000
suM 13 %; 29 432 213 130 Sé6 29 20 4 18
Era) Q.03115 0.46402 0.22879 0.13963 0.0601% 0.0311% 0.02148 0.00430 0.01933
FD 0.03115 0.49517 0.72395 0.86339 Q.92374 0.93489 0.97637 0.98067 1.00000




PLT

BOI-FWB
DATE 15/04/80

STATISTICAL ANALYSIS OF HNEASURMENTS FROM 1 12 74 UNTIL 30 12 79
POLLUTING FACTOK - Ch- nG/L
HEASUR DATE OF NUMBER HEAN STANDAKRD ?5 4 CONFIDENCE INTERVAL
HENTS HEASURHENTS WELLS DEVIATION FOR MEAN
NO. LOWEK LInkY UPPER LINIT
1 10 12 74 9 18.9056 10.1108 11.1337 26.6774
2 -14 1 7 R X 16.0000 7.6413 10.5342 21.4658
3 3 2 725 1t 14.7727 5.0416 11.3859 18.1595
4 18 3 75 11 16.1364 4.7384 12.9531 19.31946
3 8 4 75 11 17.0455 b5.4941 12.6030 21.4079
& 29 4 75 11 17.5453% 5.7639 13.6734 21.4175
7 22 5 75 11 13.4091 3.2850 11.2024 15.6158
8 12 & 75 11 14.4545 2.46311 12.46871 16.2220
14 3 7 75 11 18.13464 5.9837 14.1162 22.1560
10 23 7?7 75 11 14.9545 &.2492 12.4072 21.501¢9
11 12 8 75 11 14,9091 2.457¢ 13.23580 16.5602
12 1 ¢ 25 11 14.3636 3.5291 11.9929 16.72344
13 24 ® 7% 11 15.4091 4.0793 13.6687 19.1494
14 14 10 75 11 14.4545 1.4570 13.4758 15.4333
15 4 11 75 it 14,409} 3.3153 12,1820 16.6362
16 25 11 75 11 14.8182 2.9772 12.8182 16,8182
1?7 16 12 75 i1 16.7223 2.3913 15.1209 18.3337
18 6 1 78 11 19.04535 11.5552 11.2830 26.8079
19 27 1 76 1% 14.4091 3.5973 11.9925 16.8257
20 17 2 76 11 15.2273 6.8609 10.7527 19.7019
21 14 3 76 11 12.0%909 6.4219 12.7769 21.4049
22 30 3 76 11 17.7273 11.8751% 9.7500 25.7046
23 21 4 74 11 13.9091 1.8141 12.6904 15.12727
24 11 S 76 11 13.5455 3.2974 11.3304 15.2605
235 1 & 728 11 16.6364 3.5853 14.2279 17.0449
26 22 & 76 10 13.7500 3.4441 11.2707 16.2293
27 13 7 76 10 17.0500 $5.95400 13.0872 21.0128
28 3 8 7é i1 14.5000 2.4700 12.8273 16,1727
29 24 8 7 11 17.3634 2.2482 15.8333 18.8739
30 14 9 76 11 12.0909 7.4223 12.1048 22,0770
31 S 10 76 11 1a.1818 4.8748 14.9071 21,4345
32 26 10 76 11 18.1818 4.9964 14.8254 21.5382
33 16 11 2724 11 14.0000 2.8963 12.0530 15.9470
34 7 12 74 11 22.5435 10.3021 15.7585 29.3324
ki3 28 12 74 11 23.46364 8.46634 17.81468 29.4542
38 18 1 77 11 24.0909 7.3818 19.1321 29.0496
37 8 2 77 11 23.2727 11.2258 15.7316 30.8138
38 1 3 77 11 23.0000 15.84619 12,3445 33,6555
39 22 3 77 11 22.7273 15.28446 12.45%4 32.9949
40 12 4 77 11 24.68182 15.4714 14.4250 35.2113
41 3 s 77 10 28.0000 21.5767 12.56460 43.4340
42 24 s 77 11 25.46364 16.7348 14.3945 356.8783
43 14 & 77 13 31.6344 10.3370 24.6923 38.5805
44 5 ? 77 11 28. 4091 12.6941 17.8816 36,9368
45 26 7 77 11 26.0909 12,1116 17.9547 34,22
46 16 8 77 11 29.4545 13.4877% 20.25665 38,6424
47 & ® 77 11 24.35455 12.21727 16.3380 32,7529
48 22 ? 77 11 23.4545 10.68%8 16.2735 30.4356
49 18 10 77 i1 29.0909 9.1701 22.9307 35.2311
S0 a8 11 77 11 20.4364 11.0478 13.2148 28.057¢9




Gl

CONTINUATION

STATISTICAL ANALYSIS OF MEASURMENTS FROM 1 12 74 UNTIL 30 12 79

FOLLUTING FACTOR - CL- MG/L

MEASUR DATE OF NUMEBER MEAN STANDAKD 959 4 CONFIDENCE INTERVAL

MENTS HEASURMENTS WELLS DEVIATION FOR MEAN

NO. LOWER LIMIT UPFPER LIHIT
S1 é 12 77 11 21.0909 10.9384 13.7293 28.4525
S2 20 12 77 11 25.6364 13.9948 16.2351 35.0374
&3 10 1 78 11 29.7273 11.8667 21.7556 37.469689
54 1 2 78 11 21.46344 7.1172 16.83553 26.4175
55 22 2 78 11 25.454% 13.1253 16.6374 34.2717
56 15 3 78 11 31.3636 13.7933 22.0978 40.6295
57 4 4 78 11 31.8182 10.1448 24,9885 38.6479
58 24 4 78 11 29.1818 11.2501 21.6244 36.7392
59 17 S 78 11 31.8182 12.3921 23.4934 40.1428
&0 7 & 78 11 32,4545 22,2817 17.4865 47.4226
61 28 & 76 i1 29.5455 18.3974 17.1865 41.9044
&2 19 7 78 10 i 35.7000 19.8441 21.5054 47.8946
63 k4 8 78 10 30.5000 15.3786 19.4996 41.5004
&4 30 8 7 10 37.1000 14.2240 26,9285 47 .274%5
65 20 ? 78 11 35.46364 7.64672 29.1423 42,1305
7] 11 10 78 i0 41,4000 21.5468 25.9874 $6.8126
&2 3 11 78 11 36.8182 17.6001 24.9950 A8.46414
68 22 11 78 i1 43.3636 20.8484 29.3584 57.34689
69 13 12 78 10 44.46000 35.8986 18.92215 70.278%5
70 21 1 79 .11 50.0909 29.2693 30.4286 69.7531 -
71 b 2 79 11 38.0000 11.1086 30.5376 45.4424
72 2 3 79 11 50.9091 37.2302 25.8990 79.9191
73 21 3 79 11 53.34634 : 35.6743 31.3988 79.3285
74 12 4 79 11 38.1818 21.8395 23.5108 52.8529
75 3 S 79 11 32.9091 22,2237 17.9800 47.8382
76 22 S 77 11 43.1818 26.1336 259.46261 40.7375
77 13 6 79 10 45.1000 23.6711 28.1679 &2.0321
78 3 7 79 11 27.3636 15.7370 16.7920 37.9353
79 25 72 79 10 24.5000 14.35621 14.0836 34.9164
80 21 8 79 11 18.3636 7.2010 13.5262 23.2010
81 7 9 79 11 20.9091 8.10%50 15.4644 26.3538
82 29 ? 79 11 27.1818 8.4949 21.4752 32.8884
a3 17 10 79 10 26.8000 - 7.7143 21.2819 32.3181
84 7 11 79 11 28,4545 8.8359 22.5189 34.3902
85 28 11 79 10 30.5000 ?.7439 23.5301 37.4699

8é 20 12 7% 11 30.6364 10.3370 23.4923 37.5805
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BOI-FUWB
DATE 15/04/80

STATISTICAL ANALYSIS OF MEASURMENTS FROM 1 12 74 UNTIL 30 12 79

FPOLLUTING FACTOR - §04= MG/L

WELLS NUMB. MEAN STANDAKRD CONF IDENCE MINIMUN HAXINUM

MEASUR ‘DEVIATION HALF INTERVAL VAL UE VALUE

NO. HENTS FOR MEAN
1 NCD) X< s DI XMIN XMAX
1 78 116.5769 81.8%88 18.4849 34.0000 404.0000
2 84 1146.3048 72.1551 15.6852 39.0000 354.0000
3 8é 89.8209 67.8593 14.573¢ 13.0000 374.0000
S 86 62.8616 28.5103 6.1231 11.6000 153.0000
é aé 78.1337 46.7273 10.0355 5.5000 240.0000
7 85 22.4424 26.46237 $5.7524 4.0000 184.0000
8 846 28.3721 17.2501 3.7048 8.0000 101.0000
? 8é 42.5733 35.4937 7.6229 19.4000 235.0000
10 8é6 48.2791 25.3642 5.4478 11.0000 201.0000
13 82 69.2146 34.1858 7.5240 11.0000 190.0000
14 8é 72.9340 44.3728 9.5298 11.0000 365.0000

SuM ?31 69.3252 55.6773 3.5765

MAXIMUM AVERAGE FPOLLUTION - 116.576923 WELLS 1

MINIMUM AVEKRAGE FOLLUTION - 22.442353 WELLS 7

MAXIMUM VALUE OF MEAN DIFFERENCE - 24.134570

MAXIMUM VARIANCE - 6700.870889 WELLS 1

MINIMUM VARIANCE - 297.567447 WELLS 8

VALUE OF F-TEST - 22.518830



L2

BOl-FUB
DATE 15704780 ~

STATISTICAL ANALYSIS OF MEASURMENYS FROM 1 12 74 UNTIL 30 12 79
FPOLLUTING FACTOR - S04= HG/L

EMPIRICAL DISTRIBUTIONS .

N(I) - NUMBER OF - MEASURMENIS IN THE I-TH CLASS
F1{I)~ FREQUENCY IN I-TH CLASS

F(I) - CUMULATED FREQUENCY IN I-TH CLASS

WELLS CLASS INTERVALS
NO. UNDER FR 40. FKR 70. FR 100, FR 130, FR 140, 4
490. TQ 70. TO 100. YO0 130. 10 160, T0 190. T0 220, 0 250. 250.

1 N 1 2 27 12 3 2 3 2 7
Frin 0.01282 0.26923 0.34415 0.15385 0.038406 Q.02564 0.03846 0.02564 0.08974
F I 0.01282 0.28205 0.620821 ©0.78205 0.82051 0.84615 0.88442 0.91026 1.00000

2 N 1 20 32 10 3 4 3 4 7
Fee 0.01190 0.23810 0.38095 0.11905 0.03571 0.04762 0.0337% 0.04762 0.08333
F(D 0.01190 0.25000 0.63095 0.75000 0.78571 0.83333 0.86905 0.91667 1.00000

3 NCD 12 31 22 8 2 3 2 2 4
Fren 0.13953 0.36047 0.25581 0.09302 0.02324 0.03488 0.02326 0.02326 0.04651
F<D 0.13953 0.50000 0.75581 0.84684 0.87209 0.9046%98 0.93023 0.93349 1.00000

E N 12 46 16 11 1 0 [ [ 4
Feel) 0.13953 0.53408 Q.18605 0.12791 0.01163 0.00000 0.00000 0.00000 9.00000
F D 0.13953 0.67442 0.86047 - 0.98837 1.00000 1.00000 1.00000 1.00000 1.00000

é N(DD 22 12 26 17 6 1 1 1 ]
Fren) 0.25581 0.13953 0.30230 0.19767 0.06977 0.01163 0.01143 0.01163 0.00000
FD 0.25581 0.39535 0.697467 0.89535 0.96512 0.97474 0.98837 1.00000 1.00000

7 NCD) 74 3 3 1 [} b B 0 [ [
Fred 0.87059 0.07059 0.03529 0.01176 0.00000 0.01176 0.00000 Q.00000 0.0000¢
F(1) 0.87059 0.74118 0.97647 0.98824 0.98824 1.00000 1.00000 1.00000 1.00000

8 NCD) b4 20 1 1 o o ] [ 0
Frn 0.74419 0.23254 0.01143 0.01163 0.00000 0.00000 0.00000 0.00000 ©0.00000
F(D) 0.74419 0.974674 0.98837 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

9 NI 22 34 19 & 1 [ 1 1 [
Fren 0.25561 0.41860 0.22093 0.06977 0.01163 0.00000 0.01163 0.01163 0.00000
FD 0.255601 0.467442 0.89535 0.96512 0.92674 0.97674 0.98837 1.00000 1.00000

10 NCD 40 34 14 2 [ 0 1 [+ [
Frn 0.44512 0.39535 0.10445 Q.02326 0.00000 0.00000 0.02163 0.00000 0.00000
F 1) 0.46512 0.86047 0.96512 Q.98837 0.98837 0.986327 1.00000 1.00000 1.00000

13 NCDD 11 36 24 5 4 1 1 0 o
Freo 0.13415 0.43902 0.29268 0.060%8 0.04878 0.01220 0.01220 ©.00000 0.00000
F<I) 0.13415 0.57317 0.84585 0.92483 0.97561 0.98780 1.00000 1.00000 1.00000

14 N 12 37 246 4 5 1 ] ] 1
Fr(n 0.13953 0.43023 0.30233 0.04451 0.05814 0.01163 0.00000 0.00000 0.01143
F(l) 0.13953 0.56977 0.872209 0.91860 0.974674 0.98837 0.90837 0.98837 1.00000

Sun NI} 271 29% 208 77 25 13 12 19 19
Fren 0.279108 0.32116 0.22019 0.08271 0.02685 0.013%6 0.0128y 0.01074 0.02041

FI) 0.29108 0.61224 0.83244 0.91515 0.94200 0.95594 0.94885 0.9795¢9 1.00000




*..A

-}

BOI-PWB

DATE 15/04/80

STATISTICAL ANALYSIS OF MEASURMENTS FROM 1 12 74 UNTIL 30 12 79
POLLUTING FACTOR - 50a=
HEASUR DATE OF NUNBER «  HEAN STANDARD 93 X CONFIDENCE INTERVAL
HENTS NEASURNENTS' WELLS DEVIATION FOR MEAN
NO. LOMER LInlY UPFER LINLY
|8 10 12 74 9 $1.5556 7.9075 A5.4774 57.6337
2 i4 1 73 10 49.7100 22.0594 33.9307 65.4893
3 3 2 738 it $5.5727 24.46521 39.0122 72,1332
4 18 3 75 1t 45.2182 20.1370 31.4908 58.2434
S 8 4 75 11 46.4455 21.4182 32.0574 40.8335
é 29 4 723 i1 46.5273 22.8750 31.1406 41.8940
? 22 S 75 11 50.3543 26.2615 32.2129 672.9962
] 12 6 735 11 33.3636 16.8717 22.02%6 44.4975
14 3 ? 75 11 55.68909 17.0515 44.4362' 67.345¢6
10 23 7 75 1 46.2545 25.6454 29.0268 63.4823
13 12 8 75 i 41.3818 29.8144 21.3538 4l.4102
12 1 ? 75 11 44.8727 23.46639 28.9761 40.24693
13 24 ? 75 11 67.1273 18.7344 54.5420 79.7126
14 14 10 75 11 34.4182 31.4908 13.2637 $5.5727
15 4 13 75 18 45.3636 25.5407 28.1928 62.5345
16 25 11 75 i1 54,4543 17.5634 42,6560 66.2531
17 16 12 75 11 44.0182 30.3101 43.4549 84.3795
18 4 1 76 i1 40.4273 14.0752 30.9720 49.8826
19 27 1 76 11 53.7634 32,1534 32.1641 75.3632
20 17 2 7 1 54.9273 27.5112 38. 44461 75.4084
21 14 3 26 11 37.6364 21.8599 22.9516 52.3211
22 30 3 76 11 43.7273 31.8845 22.3083 45,1462
23 2t 4 74 11 44.2727 22.4503 29.1913 $9.3541
24 11 s 76 11 42.1223 23.5419 31.20857 42.9689
25 1 6 74 11 43.5436 18.8%946 31.0052 56.1220
24 22 6 76 10 43.5800 25.7289 25,1759 61.5041
27 13 7 74 10 43.6000 23.0492 27.8427 60.0873
28 3 a 78 11 83.8182 61.0644 42,7971 124.8393
29 24 a 7 11 34.5909 19.2074 21.3520 47.8299
30 14 ? 74 13 43.43464 246.1205 27.655¢9 63.0148
3 S 10 74 11 43.890¢9 27.3350 25.5281 62.25327
32 26 10 76 1 51.8000 24.9661 35.0284 68.5714
33 16 1t 78 11 66 .5543 28.1470 47.8329 835.4762
34 7 12 74 12 52.3091 18.7303 39.7247 64.8915
35 28 12 76 11 67.3273 29.0148 47.8361 86.8185
36 18 1 77 i1 42.0455 21.0838 47.8821 76.2068
37 8 2 77 11 53.9345 24.4485 37.39465 70.5124
38 1 3 77 11 42.4000 27.5897 43.8642 80.9338
39 22 3 77 11 45.5909 40.24642 38.5428 92.6391
40 12 4 77 11 67.7273 30.5829 47.4793 86.2752
41 3 s 77 10 546.3000 35.5248 30.00849 81.7111¢
42 24 S 77 11 §7.7273 30.40725 37.3005 78.1541
43 14 6 77 13 71.2727 40.4598 43.9588 968.5866
44 3 7 77 11 49.0909 21.46041 34.5780 63.6039
45 26 7 77 11 47.0364 24.0412 31.5427 66.5300
44 146 8 77 11 57.8727 30.99527 37.0508 78.6946
47 é ? 77 11 53.46000 29.2184 33.9720 73.2280
48 27 9 77 11 56.5091 30.9019 35.7502 77.2679
49 18 10 77 11 50.6364 30.5525 38.1122 79.1605
30 8 11 77 11 47.5455 28.3809 30.4801 48.46108
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CONTINUATION
STATISTICAL ANALYSIS QF MEASURMENTS FROM 1 12 74 UNTIL 30 12 79

FOLLUTING FACTOR - 504= H6/L

MEASUR DATE OF NUMBER MEAN STANDARD 95 %4 CONFIDENCE INTERVAL

MENTS MEASURMENTS WELLS DEVIATION FOK MEAN

NO. LOWER LIMIT UPFER LIMIT
51 6 12 77 11 55.3636 38.7589 29.3267 81.4006
52 20 12 77 11 58.3436 33.91258 35.5824 81.1449
53 10 t+ 78 11 72.3636 24.8406 55.67 55 89.0507
54 1 2 78 11 52.9091 36.5444 28.3598 77.4584
55 22 2 78 11 49.1818 26.9177 31.0994 47 24643
56 15 3 78 11 70.0909 42.0249 41.84600 98.3219
57 4 4 78 11 66.6364 35.76467 42,6095 90.6632
58 26 4 78 11 68.5455 50.2481 34,7904 102.300%
59 17 5 78 11 81.2727 35.5727 57.3761 105.1693
460 7 & 78 11 90.5455 : 58.3890 51.3217 129.7693
61 28 & 78 11 67.2727 51.0570 32.9743 101.5712
62 19 7 78 10 72.9000 57.1090 32.0495 113.7505
63 9 8 78 10 74.2000 56.3438 33.8969 114.5031
64 30 8 78 10 74.5000 52.1371 37.2060 111.7940
45 20 ¢ 78 ° 11 115.6364 S8.84464 76.0918 155.1809
&6 11 10 78 10 97.3000 80.3341 39.8364 154.7636
47 3 11 78 11 83.3636 53.0439 47.730% 118.9948
48 22 11 78 11 127.6364 90.9222 66.5578 . 188.7156
69 13 12 78 10 122.0000 116.6371 38.5686 205.4314
70 21 179 11 159.0909 . 123.4613 78,1537 2420282
71 6 2 79 11 B85.6364 38.0796 460.0557 111.2170
72 2 3 79 11 149.3636 145.5777 51.5693 247.1579
73 21 3 79 11 153.4545 148.8915 53.4341 253.47%0
74 12 4 79 11 118.0000 73.2639 48.7837 167.2163
75 3 5 79 11 119.3636 78.6553 66.5256 172.2017
76 22 5 79 11 136.2727 70.9705 88.5970 183.9484
77 13 &6 79 10 148.9000 74.4333 95,6573 202.1427
78 3 7 79 11 113.9091 66.8767 68.9835 158.8347
79 25 7 79 10 137.1000 96.01%90 68. 4169 205.7831
B8O 21 8 79 11 112.6364 65.44695 68.6561 156.4164
81 7 9 79 11 120.6364 63.7813 77.7902 163.4826
a2 29 9 79 11 62.5455 24,7484 45.9069 79.1840
83 17 10 79 10 56.0000 24.5447 . 38.4430 73.9570
84 7 11 79 11 65.0909 27.9766 46.2971 83.8847
85 28 11 79 10 64.9000 26.4300 45.9944 83.8056
86 20 12 79 11 64.2227 28.8413 44,8981 83.6473
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