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14 Claims. (til. 61-36) 

This invention relates to a new and improved method 
for in situ treatment of soil contaminated with acids and/ 
or acid-forming chemicals to minimize and/ or prevent 
leaching therefrom of objectionable chemicals with sub 
sequent acid pollution of ground and surface waters. 

. One of the most objectionable and heretofore difficult 
to control sources of large scale water pollution has been 
the leaching out of sulfuric acid or sulfuric acid contain 
ing chemicals from coal mines or the like in areas where 
air comes in contact with sul?de-containing minerals, 
notably pyrites (generally FeSZ), or the like, marcasite 
associated with coal. In the United States the so-called 
acid mine drainage is responsible for considerable stream 
pollution and up to the present time there has been no 
generally applicable feasible method of combating this 
large scale drainage problem. 

Part of the difticulty has been because acid mine drain 
age is a natural phenomenon not subject to uniform con 
trols possible with many industrial wastes. ‘Also, it is 
generally difficult to seal abandoned mines where much of 
the problem originates. In addition, because of differ 
ing geologic conditions, acid occurrence varies widely in 
regional and local areas even, for example, in coal pro-. 
ducing areas in. adjacent mines. Further, the weight of 
acid discharged mine water often varies from hour to 
hour and from day to- day. 
' Generally the approach up to this time has involved’ 
one of several approaches, -i.e., to prevent Water entering 
the zones of acid-forming chemicals, to promote drainage 
of abandoned mines, and trying to segregate the sulfuric 
acid type materials. Unfortunately, for the reasons in 
dicated, none of these approaches has been entirely satis 
factory and the problem remains. 

, Acid waters from mining, notably coal mining, are 
generally derived from several different sources: aban 
doned mines which are often difficult to treat, active under 
ground mines, strip mines, or the like. 

Chemically speaking, the difficulty arises in forming the 
so-called “acid water” because of iron sul?de, e.g.,' pyrite 
is oxidized by atmospheric oxygen, especially in the case 
of an abandoned mine where air entry is facilitated by the 
mine shaft or header and tunnels, to generate sulfuric 
acid in the soil which acid is carried out of the mine in the 
natural route by percolating or seeping ground water. 
The chemical reaction involved is illustrated by the 

following equation: 
‘2FeS2+7O‘2+2I-l2O—> 2FeSO4+2H2SO4 

Mine sealing programs (to prevent access of air) have 
‘ been tried to minimize the drainage problem. However, 
‘ this has not been entirely satisfactory because in many 
‘ instances the oxygen contained in the sealed mine differs 
only slightly from that before sealing. Further, the non; 

‘ uniform nature of the earth itself often permits access of 
oxygen for ‘continued acid formation. 

. Accordingly, it will be appreciated that the problem of 
‘ stream pollution via acid mine water with the associated 

di?iculties of destroying aquatic life, rendering the water 
unfit for domestic or industrial use because of its corro 
sive nature is one of considerable magnitude and impor 
tance and up to this time no generally satisfactory and 
feasible method of combatting the problem has been pro 
vided. Whilethe problemis not limited to any particu 
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lat area, in the United States pollution of the waters of 
the Ohio River Valley via mine acid contamination in 
the States of Illinois, Indiana, Kentucky, New York, Ohio, 
Pennsylvania, Virginia and West Virginia is a problem of 
great concern. 

Generally the present invention comprises contacting 
the acid-forming chemicals, notably iron pyrites, in the 
soil, i.e., termed herein as “in situ” treatment, with an 
aqueous alkali metal silicate-containing solution to form 
by reaction with the sulfuric acid a silica gel dispersed 
throughout the soil formation. In practice the seeping 
or percolating ground water carrying the dissolved alkali 
metal silicate in following its natural course through the 
soil formations will as it normally contacts the sulfuric 
acid-forming chemicals set up reaction of the acid with 
the silicate to form within the soil a silica ‘gel which effec 
tively destroys the sulfuric acid at its source and precludes 
leaching out of the sulfuric acid or associated acid values. 
Continuous delivery of silicate solution provides a silicate 
saturated soil formation whereby continuous conversion 
of the acid to a silica gel is established and maintained. 
Thus it Will be appreciated that this invention avoids the 
necessity of sealing a mine or the other heretofore pro 
posed methods of combating this di?icult problem. Sim 
ply by providing in the ground water an adequate supply 
of an alkali metal silicate, as from a standpipe connected 
to one or more Well points in the area Where control is 
necessary, a convenient and practicable control is achieved. 

Referring now to the accompanying drawing, 
FIG. 1 illustrates in schematic form the treatment of 

soil in accordance with this invention; 
FIG. 2 is an enlarged fragmentary view, partially in 

section, illustrating the in situ formation of a silica gel in 
accordance with this invention; 
FIG. 3 illustrates the practice of the present invention 

in treating underground earth strata containing a hori 
zontal opening such as a mine shaft; 
FIG. 4 illustrates the formation of a silica gel barrier 

in earth strata around an open top cavity; ' 
FlG. 5 shows another embodiment of the present in 

vention in forming a silica gel material in and around 
an underground cavity. 
FIG. 6 illustrates in schematic, sectional form, the 

formation around an open top cavity of a containing bar 
rier formed via another embodiment of the present in 
vention as shown more clearly by consideration together 
of FIGS. 6 and 7, the latter comprising a schematic plan 
view. 

Reference is now made to the accompanying drawings 
which illustrate, in fragmentary and schematic form, the 
present invention. In FIGURE 1 there is illustrated one 
embodiment of the invention in treating mine overburden 
through which surface and/or ground water percolates 
downward and dissolves sulfuric acid from the acid bear 
ing shale. As there shown, the practice of the present in 
vention contemplates providing a source of aqueous alkali 
metal silicate, notably and preferably a standpipe or ele 
vated tank, indicated generally at 10‘, disposed above the 
zone to be treated at a height su?icient to provide enough 
pressure head to force the silicate solution through a dis 
charge pipe 12, lateral extending headers or pipes in 
dicated generally at 14 and thence downward to perfo 
rated well points indicated generally at 16. 

As illustrated in more detail in the fragmentary partial 
section view of FIGURE 2, through the holes 18 in the 
well point 16, the aqueous alkali metal silicate is dis 
charged throughout a surrounding soil zone, in which 
zone the inevitable presence of oxygen and ground water 
generate with the mineral sul?des sulfuric acid. By the 
introduction of an alkali metal silicate in this manner, 
there is formed within the soil itself a silica gel‘which 
effectively chemically converts the sulfuric acid in situ to 
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a substantially innocuous alkali metal sulfate and effec 
tively encapsulates any unreacted sul?des ‘and/or lacid 
within the gel, whereby further contamination by the acid 
containing water is precluded. 

It will be appreciated that by providing the well points 
16 at lateral and vertical intervals dictated by the geologi 
cal formation encountered in the area to be treated and 
the extent of the treatment desired, it is possible from one 
convenient source to provide a continuous or, if desired, 
intermittent treatment of a large zone of acid-forming 
strata such as so-called “acid bearing shale” which here 
tofore has been exceedingly di?icult if not impossible 
effectively to treat. 

Further, it will be appreciated that by providing a con~ 
tinuous supply of aqueous alkali metal silicate, in the 
strata itself, any earth heaving or other geological shifting 
of strata which might open ?ssures or other cavities would 
not circumvent or render inoperable the present invention 
because the water itself in following any newly opened 
passageways, would continue to carry the alkali met-a1 
silicate solution into contact with new sites of acid forma 
tion whereby the encapsulation and conversion to silica 
gel of the sulfuric acid and associated materials effectively 
will continue. - 

As shown in FIGURE 3, again in schematic form with 
certain parts broken away and a somewhat simpli?ed ap 
plication illustrated for the purposes of clarity, a stand 
pipe 20 provided with a discharge 22 and laterally ex 
tending ‘headers 24 connected downwardly disposed well 
points indicated generally at 26 are provided. Again, as 
illustrated in FIGURE 2 the introduction of an alkali 
metal silicate under the hydrostatic pressure (or if de 
sired at a higher pressure generated by a pump (not 
shown) included in the ?uid flow system at any convenient 
point) permeates and saturates the porous earth strata 
containing the acid-forming chemicals whereby the in 
evitable reaction of oxygen, water and sul?de minerals, 
notably pyrites, is met with the presence of alkali metal 
silicate whereby, as indicated hereinbefore, the sulfuric 
acid is converted substantially as it is formed into a silica 
gel which elfectively entraps any as yet unreaoted acid 
or aicd-formers discharge of acid values through perco- 
lating water is avoided. 
As further indicated in FIGURE 3, well points 26 may 

be of such a length and include, if desired, lower imperfe 
rate portions 28 which can extend through a transversely 
extending mine shaft or other opening ‘and yet provide 
in the strata beneath the transverse tunnel 'or shaft a fur 
ther impregnation of the soil with the alkali metal silicate 
solution from openings in the lower portion of the well 
point. It will also be appreciated that such extended well 
points, .designated generally with the numeral 27, may be 
disposed outside of the vertical walls of the horizontal 
shaft and may in such instance or otherwise if desired 
be perforated for substantially their entire length whereby 
a more extended zone of alkali metal silicate impregnation 
can be provided. 
Referring to {FIGURE 3, for the purpose of illustra 

tion there is shown a discharge stream 32 of mine water 
which otherwise would be contaminated with sulfuric 
acid, typically to the extent of about 600 to 1250 ppm. 
(equivalent CaCO3) and having a pH from about 3 to 5. 
Via the practice of this invention as indicated the acid 
content of such a stream is substantially if not completely 
eliminated, as FIGURE 4 illustrates, again in a schematic 
form partially in section, how a series of well points or 
drilled openings can be arranged, with a suitable series 
of points indicated generally at 40, can be connected to 
a suitable header to provide a substantially uniform alkali 
metal silicate saturated zone surrounding an acid-con 
taining cavity ‘44 whereby a surface pool may be ef 
fectively treated via this invention against undesired 
downward and lateral acid seepage. 
FIGURE 5 illustrates, again in schematic form, how 

the practice of the present invention is advantageous in 
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4 
the treatment of an underground cavity. As there shown, 
a schematically indicated well point ‘46 disposed in the‘ 
earth extends into a cavity 48;- When ?lled with an alkali 
metal silicate solution, the surrounding soil is impregnated 
with the :alkali metal silicate whereby acid therein is 
converted to the silica gel as pointed out hereinbefore. . 
FIGURES 6 and 7 illustrate in schematic form an 

other embodiment of the practice of this invention where 
in a central cavity 54, is surrounded by a series of drilled 
holes 50 and 52, through which an alkali metal silicate 
is introduced to generate via reaction with contained 
acid a surrounding zone of silica gel 56. 

_ As used throughout the speci?cation and claims, the 
expression “alkali metal silicate” is intended to include 
various alkali metal silicates including the silicates of 
sodium, potassium, cesium and rubidium. A preferred‘ 
type of alkali metal silicate is sodium silicate because it» 
is more readily available commercially and (for that1 
reason is particularly referred to hereinafter. It is pre 
ferred to employ a sodium silicate having an SiO2:Na2O3' 
ratio within the range from about 2 to 4:1. The alkali 
metal silicate preferably is introduced into the soil in the 
form of an aqueous solution as is the form of many 
commercially available or, preferably, somewhat diluted 
sodium silicates. It, of course, also is contemplated that 
the silicate employed may comprise a mixture of com 
mercially available aqueous sodium silicates, or other 
silicates, as well as in certain instances of solid alkali 
metal silicates either alone or in combination. in many 
instances, advantageous results are obtained using a 
silicate solution containing 10 to 30% by volume, e.g., 
(l1~12° Bé. @ 20° C.) of alkali metal silicate, prefer 
ably sodium silicate. ' 

The following are illustrative of suitable commercially 
available sod1um silicates: 

‘ Percent Sp. Gravity 
S10z:NazO Ratio (Wgt. Ratio) Solids (° Baumé) 

7 (Average) 

3321.0 _______________________________________ __ 37.3 40. 041.2 
3.22'1 0 37. 5 40. 0-41. 5 
8.22‘1 0 38. 8 41. 5-42. 5 
2 24-1 0 42.2 46.0-48.0 
.0: . 43.5 49. 0-51.0 
.4: 46.6 51. 0-53. 0 

In order that those skilled in the art may more com 
pletely understand the present invention and the pre 
ferred methods by which the same may be carried into 
eifect, the following speci?c examples are offered: 

Example I 
To illustrate the practice of this invention there are 

combined 5 g. of FeSz (pyrites) with 25 ml. of a 10%: 
aqueous solution of sodium silicate (10 parts by volume 
of a commercial aqueous sodium silicate having an 
Na2O:SiO2 ratio of 1:322, a solids content of 38.35%, 
and a 14-‘1.5° Bé. value at 20° C. and a viscosity of 75 
second Stormer with ‘90 parts by volume of water). To 
this silicate solution (solely to insure the presence of 
sufficient oxygen to cause reaction to form the desired 
gel) is added three drops of a 30% hydrogen peroxide 
solution. There results a rigid gel which both converts 
the sulfuric acid to silica gel and also seals 01f, encapsu 
lates or encloses within the ‘gel itself any remaining as 
yet unreacted source of acid ‘formation. 

Example II 
The procedure of the foregoing example is repeated 

except that the hydrogen peroxide is omitted. Substan 
tially the same results are obtained. 

Example III 
Further to illustrate the practice of the present inven 

tion there are combined at room temperature sulfuric 
acid and a sodium silicate having the following formula 
Na2SiO3-2.33SiO2-23.36H2O 'to form a rigid gel havingv 

l 
1 



3,094,846 
5 

the composition Na2SO4+3.3Si(OH)4- 17 .7H2O. Thus 
it will be appreciated that the chemical reaction converts 
the sulfuric acid into sodium sulfate which, together with 
any unreacted sulfuric acid, is physically entrapped with 
in the formed silica gel. Expressed more simply with a 
different silicate, the reaction is as follows: 

‘By the foregoing examples it will appear ‘and be un 
derstood that the practice of the present invention affords 

I a'dual approach to the problem of dealing with the acid 
forming chemicals in situ in the earth, notably in the 
acid bearing shale. The acid content is effectively neu 
tralized on contact with the alkali metal silicate to form 
a silica gel, which silica gel in turn serves to encapsulate 
or seal in any further acid or acid~forming compounds 
which had not yet contacted the silicate, whereby a dou 
b'le ‘advantageous effect is achieved to prevent leaching 
out of the acid by ground water passing through the soil. 

Example IV 
To a sample of acid-bearing shale is added an aqueous 

sodium silicate. There results through chemical reac 
tion with the FeSz content of the shale, and from the 
encapsulation effect of the gel a complete conversion of 
acid into the gel material and/ or enclosure of any as yet 
unreacted material within the gel. 
While reference has been made to iron sul?de (FeS2) 

as illustrative of the principal sulfuric acid-forming in 
gredient of the mineral sul?des encountered in mining 
operations, it will be understood, of course, that other 
sul?des as well are at times found in such strata, e.g., 
PbS, CuFeSZ, Cu2S, CuS, Cu3AsS4, Cu3SbS4, Cu3SbS3, 
Cu3AsS-3, ZnS, NiS(‘NiFe)nSm, Sb2S3, HgS, M082, CdS, 
V285, Bi2S3, CoAsS, or the like. 

It will be appreciated that the practice of this inven 
tion solves 1a long-standing exceedingly di?icult problem 
by providing in ground water a dilute alkali metal silicate 
which in following its normal often indescribable path 
through the acid-producing earth strata carries with it 
the means to react when necessary to be converted into 
a rigid acid neutralizing and encapsulating silica gel by 
reaction with acid as it is formed by oxid-ative and hy 
drolytic reactions of the mineral sul?ded in the earth. 
While in most instances where formation of sulfuric 

acid occurs there is sufficient oxygen present, in the 
event that additional oxidation effect is desirable, an 
oxidizing agent such as hydrogen peroxide, an alkali 
metal peroxide, e.g., sodium peroxide, an alkali metal 
hypochlorite, e.g., sodium hypochlorite, an alkali metal 
permanganate such as potassium permanganate or the 
like, or an alkali metal bichromate such as sodium bi 
chromate can be incorporated into the silicate, the pro 
portions depending on the speci?c problems encoun 
tered. In general about up to about 25% by weight of 
oxidizing agent (based on the silicate solution used) is 
suf?cient. 

-It is to be understood that although the invention has 
been described with speci?c reference to particular em 
bodiments thereof, it is not to be so limited since changes 
and alterations therein may ‘be made which are within the 
full intended scope of this invention as de?ned by the 
appended claims. 
What is claimed is: 
1. The method of treating earth strata containing nat~ 

urally present acid-forming chemicals which comprises 
providing within the soil an alkali metal silicate con 
vertible therein by said chemicals to a silica gel. 

6 
2. The method according to claim 1 wherein the alkali 

metal silicate is sodium silicate. 
3. The method of treating earth strata containing sul 

?de minerals convertible to sulfuric acid by exposure to 
oxygen and water which comprises providing in such 

, strata an alkali metal silicate whereby conversion of the 
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sulfuric acid in situ physically and chemically into a 
silica gel is achieved. 

4. The method according to claim 3 wherein an aqueous 
alkali metal silicate is continuously provided in said 
strata. 

5. The method according to claim 3 wherein said 
strata are saturated with an aqueous alkali metal silicate 
containing solution. 

v6. The method according to claim 3 wherein the strata 
containing sulfuric acid is treated with an alkali metal 
silicate to prevent seepage therefrom of said ‘water. 

7. The method of treating ‘an earth stratum in or ad 
jacent a coal mine, said stratum containing at least one 
sul?de mineral convertible therein to sulfuric acid by 
available oxygen and water, which comprises supplying 
into said stratum an aqueous alkali metal silicate solution 
whereby a dilute :alkali metal silicate is placed in imme 
diate contact with ground water containing sulfuric acid 
in proportions at least sufficient to cause formation of a 
silica gel by reaction with said sulfuric acid thus chemi~ 
cally and physically precluding further movement of said 
sulfuric acid in said ground water. 

8. The method of preventing stream pollution which 
comprises contacting with an alkali metal silicate acid 
bearing strata through which water feeding said stream 
percolates. 

9. The method of forming a gel which comprises re 
acting FeSz with a dilute aqueous solution of sodium 
silicate containing a small amount of hydrogen peroxide. 

10. The product of the method of claim 1. 
‘11. The method according to claim 7 wherein a dilute 

silicate solution is continuously added to said strata. 
12. The method of treating earth strata containing 

acid-forming chemicals which comprises providing with 
in the earth an oxidizing agent and an alkali metal sili~ 
cate convertible therein by said chemicals to 1a silica gel. 

13. The method .‘of treating earth strata containing sul 
?de minerals convertible to sulfuric ‘acid by exposure to 
oxygen and water which comprises providing in such 
strata an alkali metal silicate, whereby conversion of the 
acid formed from such minerals in situ physically and 
chemically until a silica gel is achieved. 

14. The product of the method of claim -11. 
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