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INTRODUSTION 

4 
I n  the  course of  ano the r  invekt iga t . ion  dur ing  1926 and 192'7, samples 

of water  c o l l e c t e d  from a fevi hbafi&n&d ~ 6 a l  mines i n d i c a t e d  t h a t  t h e i r  d ra in-  
,age vas u s u a l l y  1ow.er i n ,  a c i d i t y  than  water  from a c t i v e  mines i n  the  .same 
l o c a l i t y .  I n  o r d e r  t o  determine whether  t h i s  condifY.o~i might have a bea r ing  on 
the  a d v i s a b i l i t y  of s e a l i n g  abk(dkied mines,  a -bet of such mines were v i s i t e d ,  
s q l e s  of dra inage  were ca l i ec t , ed ,  and a s '  much , i n f o k t  i on  a s  p o s s i b l e  w a s  
ob ta ined  from o f f i c i a l s  of the  rnising coQinies '  'and o ld&? ' . ' rd~idef i t s  'of  the  . d i s -  
t r i c t .  The r e s u l t s  of t h i s  work a r e  t h e  b a s i s  of the  p r e s e n t ' r e p o r t .  

The a u t h o r s  a r e  indebted t o  E. W. Robertson, F. F. Spowart, J. H. N q l e ,  
and w. D- Adms o f  the  Northwest Mining & Exchange Coy; E. MI m s s e t ,  Fred 
Lane, b. Humphreys, and Dr .  T. A. Hutchison of Brockww, Pa.; C. W. Faulk of 
the  ~~t Mining Co.; James Hau o,f Xersey, Pa., and t o  o t h e r s  . f o r  information 
rece ived;  and t o  D r .  R. R. Sayers  of t h e  ,Bureau of Mines, under whose d i r e c t i o n  
the  work mas conducted. 

:: .COAL BEDS .OF TIiE DISTRICT 

The Lower Ki t t ann ing  i s  the  most important bed i n  t he  l o c a l i t y  studied,.  
A g r e a t  many o f  t he  abandoned mines examined a r e  i n  t h i s  bed, and near ly  al l  of 
t he  p r e s e n t  a c t i v e  ones . a r e ,  The Upper m e e p o r t  bed i s  a l s o  mined t o  some 

i e x t e n t ,  and a number of t he  abandoned m i n e s  formerly worked Chis bed. A s  only 
; t h r e e  ac t ive . rn iges  a r e  sow (1927) working the  .Upper F reepor t ,  the  comparison of  
j a e j d i t i e s  i s  n e c e s s a r i l y  l i m i t e d .  of . t hese  t h r e e  ,, one had been i d l e  s ince '  1922 

. - - -1 
u n t i l ' s h o r t l y  be fo re  i t  was sampled. 

1 - ,The Bureau of  Mines w i l l  welcome r e p r i n t i n g  'of' t h i s  ' a r t i c l e  but reques ts  
t h a t  the  f o l l o w i x  foo tpo te  acknowledgment be use-d: "P r in t ed  by p e m i s s i d n  
of the D i r e c t o r ,  U. S. Bureau of Mines. ( ~ o t  s u b j e c t  t o  copyright . )"  

2 - Associa te  .chemi6al e ~ i ~ n e e r ,  P i$ tsburghi . JEmerhgnt  Stat ion. .  
. . . ,  

3 - Superv is ing  chemist ,  Hea l th  Laboratory Secf i o n ,  p i t  tshlrgh Experiment 
S t a t  ion. . . .  . , .  . .. . . . , .  . .  ?., . . . . .  , . 

4 - R. Dm L e i t c h ,  xnpublished r e p o r t . ,  , , ,  , . - ,  . , .  . . , . 
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METHODS OF COLLECTION Alqn TESTING OF S~~LES 

The location of most of the mines W&:? alre_ady known from previous work, 
but some of them had to be located by following up streqros known to contain acid 
waters. A sample of theoutflbw was collected in self--see>lil!g; bottles known as 
Ifcitrate bottles" for the determination of dissolved oxyge n by the Winkler 
method. 5 Another sample Vias t ",}::a n for ~he determination of acidity according to 
standard methods of we:ter a n8>lysis. 6 Ferrous iron was determined at the mine or 
very soon after taking the sai'!ro::' e by titrating with a standard solution of 
potassium pennangana.:~e' ; in a<;!id-- solution • . -The hydrogen':'ion value was determined " 7 

by a standard douole-wedge cornpa~ator.7 
j . \' , 

From the total acidity values in each sample, which are the most import­
ant values, the total iron was calcllle, t:ed olY '-the assumption that acidity as 
sUlphuric acid was due to dissol v(~d ferrous sU::'phate. This assumption is common-
ly made for mine waters,> out is inaccur:tte :to. the: extehttM"t 'free- 'acid is - t 
already ~resent, and so~~ ; .of the iron, is pre:s-ent- ag ' fe:riic", ~'iathe'r: tha:n ferrous, 
sulphate. -· The amount o;f . fel'rous sulppate may be -a IIbughmeasuri!f ' of the extent 
to which oXyg'en is lacking within the mine." The pett),anganate titra,tions just. 
mentioned sho'!'J'ed 'I'lhat part of this .total iron was ,in -combination ' as ferrous sul­
phate, and the ' dit:f~r~rice was,assumeri t:o be that , in ' combinationa's':ferricsul­
phate, after corre' cti~g , for the amo,unt of ·free aCid already fanned as shown by 
the titration values._ . , 

DISGUSSI,ON .OF. EE.SU1TS 

Upper Freeport rBed " 
• 

Mines -1 to 7, i-n:~l~si,v~, Table 1, are aban.d:oned workings , in the Upp'er 
Freeport bed. The -to:tkti-'~cidity of the samples gathe'Ted from these workings, 
determined at bogi£+g,:temperat;ures with phenolphthal-ein' as- an' indicator, varied 
from 37 to 260 parts permiilion; with methyl orange as an indicator, it varied 
from 17 to 139 parts per million of free mineral acid. Three of the seven mines, 
Nos. 3, 4, and 5, showed alkaline water similar tbriatuial springs. These were 
slightly alkaline in reaction to phenolphthalein at boiling temperatures, and 
were 20 to 25 parts per !pillion alkaline when examining for free acids wit~ , 
me thyl 0 range. . , 

• I. 

\ 
" 

The dissolved oxygen ;alues varied between 64 and 88 per cent; excrpt, 
for two exceeding 100 per cent. Column lOi cf Tables ' 1 and 2 gives the percent~ 
age of oxygen sa:turatio~ , of the water which may indicate whether normal · a;i.''t_ is ' 
present inside the mine. Mines 4 and 5, Table l, . showpercentages of 110~4 and 
108.2, respectively, and similar results have p~eviously been obtained by the 
writers in small rapid streams. The present_results are based on the amount 

. } .- -

5 - Scott, W. W., Standard Methods of Chemical Analysis, 2nd ed., revised, 
New York, 19-17, p. 556. 

6 - American Public Health Association, standar~ Methods of Water Analysis, 
4th ed., 1920. 

7 - This value is a measure of the free acid (H) ions, and therefore one of the ' 
main values determining acidity characteristics. 
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T.A:BLE 1. - AnalYses of water from mines in the Upper 'Freeport bed. 
, . 

1 

Mine 

1 
2 

4 
5 
6 
7 
8 

'0,-

2 :3 4 5 6 7 
Aci.di ty, 

part s per To tal 
Year Year million 2 ironi .. 

opened abandoned _T~ta]. __ Free 1 -pH- mg. Ie. G. 

1912 1923 37 . 15A 5.8 0.040 
1917 ,', 1922 260 139 <3·2 .139 
1904 1916 A 20A 6.0 .. 000 
1898 ' .1906 A. 20A 6.2 ,000 
1916 ~'1923· A 25A. 6.4 .·000 
1898 ". ~ 1920 145 68 .<3. 2 : "149: · 
1916 .- 19:23 43 . . '17 .<.3 •. 2 •. , .029:": . 

.446.;' 

8 9 10 "11 

'Oxygen 
FeS04, Fe2(S04)3~ per~enta.ge or , _ 

. mg./ c. c. mg./ c.:-c. saturation ·Rem.a:rks 

0.006 
.066 
.000 
.oob 

.. :- .000 
.049 
.068 

0 .• 121 
.• 411-
'.000' 
• 000' .. ~ 

'".000. 
.• 468, 
.014 

g8~3 . 
64'~ 0 ' 
B4~' 0 :' 

110.4 ' . 

Opening -caved. 
Do, 
D

·: 
0 :. 

Do. 
Do~. 

Part~y caved. 
. Do . 

1901, ,.,Acti ve . 537 .. 147 -<).2 
' . ; .-> . ' ·941+ . i! 535 

: 108.2 
74,,'3 
88 .• 3 . 
Lo::;t IdJ,.e_since1922 

until 1927. Open. 
. - Open. 9 

10 

, 
1917 
1917 

1.. A = alkalini ty. 

.D:o • . 
Do. 

2 <= is Less than 

." 

. , 
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580 
394 . 

.151 ,<3·2 
. 55 <3·2 . 

.~ .. 

L , 

: '.1 

!~ :.; ~:;:. 
" '" '.'.i 

':1 :'~ .' 

~ . .; 

.4~1 , 
. d~8 

.. 
-:- 3·-

i."-: :.:-

94.7 ' 
97-;.6 - Do. 
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of oxygen held by water at t~w temper~ture" a,t , which the samples were collected, 
rather than that at which th~y ,vtflre analyzed:~ The 'breaking of a thermometer 
prevented the obtaining of t 'ne:s.e> two temperatures at the time, and as others 
were uniformly about 57 or 58c) F'., a temperature of 580 was assumed in the cal­
culations. This, however, may have been too high, and a temperature of 500 F. 
instead of 580 F. for the water would M ,ve . shown practically 100 per cent satura­
tion. From the fact that the samples froII).,: mines 3, ,4" and 5 have no iron salts 
in solution and also have such relat~velY :high.percentages of oxygen saturation, 
they appear to be surface waters ent~ring the mine near the original opening 
rather than true mine waters. Since rapidly flowing water can r~ve an ,oxygen 
supersaturation and the character of; these streams can not be determined exactly, 
mines 4 and 5 may be such as to prodi.lc~ supersaturated waters. 

t ~ 

Mine 8 had been idle five years unti t , opened "aQo1l;t ,one l1!onth before the 
sample was taken. The operator said that the water first comin'g from the mine (, 
when it was reopened was much higher in acidity than under nOrIDCll oper~ting COI1,­

ditions, and this old drainage was ~ot entirely out of the mine at the , time the 
writers were there. If this is tru~, the average of the three:.active mines, Nos. 
B, 9, and 10, in Table I may be so~wha.tf higte! ,t¥n ,i.,t s~pU.lcl 'Qe. Samples in 
the last two mines in Table 1 were ~aken dutirtg -the ;Cob:r,Se ~ of ?tper work and no 
figures are shown for- ferrous and ferric iron, but the total Lrqn has ,been cal­
culated from the acidity as in the iother cases. 

To sum up, therefore, seve r,i aba.ndon~d : lIlines :, in ~he ,Upp"el" Freeport bed 
that have been inactive for period~ oi' 4' to2 11 yea-rs arid' openings caved for a 
somewhat shorter period show a tot~l acidity varying from ' 0 t ,O. ?60 parts per 
million, and the ave~age is 69 parts. Mines 3, 4, and 5 in Table 1 may have sur­
face water issuing from them. The free acidity , varies from 25 parts per million 
alkalinity to 139 parts per million ad.-d, ancLthE;' average: ts 21 parts per million. 
To compare with this 1t is seen that ' the th~eeactive mines vary between 394 and 
580 parts per million and average ;S04 parts per million total and lIB parts per 
million free acidity. That these ;differences between active and inactive mines 
are not due to the difference in ages;, 'i's sl1.own by the fact that the inactive 
mines are olde r generally than th~ ac-tivemi'rie:s and yet the water from them is 
less acid or not acid at all . The highest acidity from any of the abandoned 
mi nes is only about half that of the average of the active mines and only two­
thirds that of the lowest active mine~ There is nothing especially remarkable 
about the various forms of iron present in solution, although it is to be noted 
that iron in water from the abandoned mines is much lower in every case than in 
water from active mines. 

The values for dissolved oxygen indicate that the water has been wholly 
or in part in contact at some pO,int with atmosphe,res containing a cons iderable 
amount of oxygen. Whether this eontact ~s in ' the remote mine workings or in a 
zone just before the waterissu,e's from the mine is difficult to ascertain. Such 
a zone might be expected from ''1Jreathing ll due to changes in barometric pressure 
or temperature, or both. The Upper Freeport bed in this district has light 
cover, and the superstrata is said to be badly cracked after caving, which might . . , . 
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admit air as stated. If the water is true mine drainage -- that: is, if the water 
has travelled considerable di stances" through the mine before its exit -- this 
explanation of a zone relatively high in oxygen just within the outlet appears 
to be the more logical, since, according to reports, the mines are badly caved. 
If the reports are true, an atmosphere void of oxygen or at least containing 
much less than that indicated by the samples, would be expected in the workings. 
On the other hand, surface cracks ~nd ~breathing" may also admit some air to the 
mine at a great many points and thus maintain an atmosphere more or less 
approaching a nonnal oxygen content. 

Another explanation that may apply ' to , 90me samples is that the ,w,ater 
issuing from the mine may be wholly or in part surface water which enters the 
mine immediately back of the seal, and therefore retains most or all of ,its ori­
ginal dissolved oxygen. Values for the two active mines ,(Nos. 9 and 10) show 
approximately complete saturation. 

i .• 

\ i L6wEir Ki\tanriirig' B'ed 
... . , I .. • .. -I 

Table 2 giyes data covering mines in the Lower , K~ttanning, bed. , The 
acidity of drainage water from this bed is uniformly higher than or that from the 
Upper Freeport in fhe locality investigated. Mine 11, Table 2, was the first 
opened in this locali:ty and was 49 years old in 1927. For many years after the 
mine was abandoned:in'1883 or 1885 it.wasinte~ittently worked by different 
people taking out domestic coal, and it was reopened and worked regularly in 
1918 for some time. The entry seemed to be open in 1926, but was ,caved in 1927. 
It is doubtful, therefore, whether water coming f ,rom it should be ,considered 
representative of a mine abandoned for more t~an ' a year. Mines 12 to 18, inclu­
sive, are all of approximately the same age. As these mines were opened they 
were numbered conse:cutively from 1 to 36 by the operators. Mine 14, Table 2, was 
No. 21 in this seri~s, and as pillars were being drawn in that mine as early as 
1883, it seems like,ly ,'that, all mines reporte'd in T!:1ble 2, ~xcept No. 18, which 
was No. 36 in the s~r~es., 'must have been opened between 1878 and 1883. There are 
no written records,: but company officials and old residents :agree on these points 
and also furnish th~ information that methods. "of coal minfng in that d~ did not 
permit the economica.l 'working of mines past ara'tIier limited development. New 
openings into fresh coal were frequent. and the district w~s' soon honeycombed with 
entries, but parts of some old mines were kept open as haulageways for ne~ mines, 
airways, and roanways. The eXc;l.ct year when they were really ' abandoned is ~here­
fore indeterminate; . but with ,iwo : ~xceptions, Nos. Ii and 18, Table 2, it is 
generally agreed that they were all abandoned and caved by 1898, at least. 
Number 18 is still open along the main entry, but butt entries have been caved 
for some years. . The dissolved oxygen value of 37.0 per cent satura,tion for this 
mine is low, and seems to indicate that a considerable amount 'of dP,ainage is 

a . I ~ -

coming from areas void of oxy'gen. As the main entry has been drivSin entirely 
through a long hill, air canCircul'a;te through; and if water travelled a con­
siderabl.e dfstance along the entry, it would rapidly absorb o.xygen and be more 
nearly saturated. ' 

4874 
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:TABLE 2.- Analysis of water from mines sampled in the Lower Ki ttanning bed 

, Acidity, 
'.' '~ parts per Tota;L 'OXy"gen 

. Year Y~ar ' . milli~~ 2 iro'n, . FeS04, Fe2(S04)3' percenta~e of , 
Mlne opened abandoned Total1 . Fr~ pH-:- mg./c. c.mg. /c. G. rrg:.ic. c. . saturahon ' ;. Remarks 

~ • • t r c' . ( 

11 H H 
<D :::l s:: cd 0 

·rl s:: 'H 
12 cd'@ fill 

13 ~ lil.~ 
14 ~ H as 
15 0 <d <D s:: C) 16 .--t t1l C) • 

.--t <j Ul 
17 t:Ol1lH • r-- cd 
IB 0 t:O s:: <D 

lZi .--t ·rl l>. 

19 
20 

21 
22 

;4 

1918 
191B 

1900 
1906 
1914 
1917 

o 
.p. 

K'i ' 
m 
w 
.--t 

.p 

:::l o ..a 
ell 

s~ om' 
Ht:O 
fri.--t 

1924 
1924 

Active 
Do. 
Do. 

1927 " 

1. A = alkalini ty~ 
2 <= is less tlian. 
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935 

i030 
712 
503 
225 
320 
199 
199 

.A 
181 

2475 
2384 
3~m 

4519 . 

52 

. 338 
96 
9 

61 
9 

7B 
17 

25"-
.. 7,0 

230 
. ,).94 

.150 
343 

<3. 2 

<3. 2 
<3,2 
<3.2 
<3·2 
<302 
<3. 2 

<3·2 

<3. 2 

<3. 2 

<3.2 
<3·2 
<3.2 
<3~2 

1.018 

.790 

.705 

.574 

.187 

.356. 

.139 

.208 

• 000 
.128. 

2:195 
2.041 
.223 

4.097 

0.o4~7 

.470 

.497 

.431 

.086 
·333 
.147 
.038 

. • 000 
.063 

- 6 - ' 

3.626 

2.760 
2.452 
1.992 

.657 
1.230 

.478 
~740 

.000 

.439 

.0.0 

0.0 
0.0 
0.0 

41.4 
0.0 
4.4 

37 .0 

]jost 
71.7 

98.5 
96.9 
78.5 
85.4 

. REibJ,'~ f oT short 
·.time in 1918, 

':': -Qaved tight~ 
- ·Do.· 

Do • . 
~ Do; 

Do. 
Do . 

. Main haulage still 
op en. 

Oa-ve(l. tight • 
Abq.nd:onBd Q1,lt still 

:Open. 
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The dissolved oxygen values in Table 2, with one exception, '·No. '15, show 
in five of the six remaining mines a condition which might be expected to result 
if mines were efficiently sealed after being abandoned -- that is, 0 oxygen . 
. The sixth of these ; .Nq. 17, is als9. very low in oxyge.n, having only ~., 4 per 
cent saturatipn. - As the sample could not conveniently be tak.sn jw;;t c;t ~he fall 
which sealed the ent~J, it is thought that this low percentage ~:fo~gen coul<I. 
well be absorfed in the distance of about 100 feet between the seal and sampling 
point. All or these. mine waters therefore can be . said ', to . be. free from oxygen: 

~he s~paration of total iron into ferrous and f~rr~c sulphate shows no 
definite relation between them • . . For exam:P.le, drainage , from mine 11 ,?~ntains 
1.018 mg. of tota,l iron, of wh.ich amount 0.0.161 mg. is :in combination to give 
0.0437 mg. of ferrous sulphate per cubic centimeter. The next mine, No. 12, has 

, 0.790 mg • . of · iron of: whtclt, 0.1730 mg. ,if?; :ferrous sullJha.~e -- .nea.r.ly ~~ times as 
much as .mine .11, . al though theyareon;1y .a. few hu!}dred yards apart in the same 

~ bed, are of the same age, and have no oxygen in solution. Other mines in Table 
2 -show similar ·results • . It will be noted, however, that the samples of water 
having the hig~st .d~issol ved oxyg.ep. io:ont.ep.t ,.-:-. namely '-.' thos~ from mir;.es 15, 18, 
and 20, with 41.4, 3.7.0, and . .'n.7 per cent , saturation,-.·re.spec.tively - have much 
less iron in combination in the ferrous state than those others where oxygen is 
low or at zero. Mine 15 has +6.2 per cent, mine 18 has 6.7 per cent, and mine 
20 has. 18".1 pe~ cent. of the tpta,l ·irop. as fe:r;r9us. sulphate.. The. mines having 
low oxygen. saturation (0 to 4.4 per cent). range from .22 fo 35 percent .and 
average nearly 28 per cent of the total iron as ferrous sulphate. The only ex­
ception to this is mine 11 which, as previously stated, has only recently been 
caved beyond doubt. 

The active mines in the same bed, Nos. 20. 21, 22, 23, 24, in this dis­
trict show greatly increased total acidity, with the exception of Nos. 20 and 23. 
Mine 20 is said to be caved inside, but to what extent is not known. Two drifts 
about 100 yards apart were open so far as could be seen, and a third opening 
driven to the outside, as a drainage and air passage was partly closed by an 
earth Slide; but air was coming out of it, as indicated by condensation of mois­
ture vapor when the mine air encountered the colder air outside. This mine can 
hardly be said to be open, and yet it is not entirely sealed. The other excep­
tion, mine 23, has been repeatedly sampled and always shows a lower acidity than 
others in the same locality, but the reason for this is not evident. Oxygen 
saturation values are relatively high as compared to abandoned mines, var,ying 
between 78.5 and 98.5 per cent. 

The average total acidity of seven caved and abandoned mines in the 
Lower Kittanning bed is 427 parts per million and 81 parts per million free 
acidity. The same values for four active mines in the same locality and same 
bed is 2,440 total acidity and 229 parts free acidity per million. The total 
acidity is thus Shown to be nearly six times as large and the free acidity nearly 
three times as large in drainage from active mines as in drainage from the 
abandoned mines which were sampled. Dissolved oxygen values for the four active 
mines show these to be much higher than in the abandoned mines. 
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... ~ . : 
CONQLU$IONS . , . ...~; ,~-,.~ ' .. ~:'.:: ~,". / . . . .. , ~ : 

' < 1 . The iacidi ty of waters from abandoned ~hd :: §e'd.:t.~d "-In~ne's :ii lower than 
that ' f~om a ctive mines which may ~n all othe:rre~pe{::1f's "eli, ' s!rilha.r; 'so far ,as can 
be 'asce-rtained .. ' " . ".. " . ,' " , 

. \, .. ' 

" .' "'. ~ j' fJo 

, '- :,~',,' ;, 2J, The 'wa.ter from su.c~ mines w~il ~ot " inf,requeiitiy ;'be found alkaline 
. ;a.nd ",thei-e'1Dre "s'imilar: to ' natural springs or stre~ms.. " ' 

::<:"'::' !~ '3'> ', 'The': dissol,ved, 9xygen, c~mtenit of th~se waters is usually low and 
. often, is; 0' ~ilt~~n ,the. 1.imttEi . of ae~racy of: ~r~~'ra~ a~IYsis. 

' 4. ' l~ 'see~s ', like~,; t~t .' the sea;ling ,of~b~ndbned mines' would result in 
decreas;rng , the', acidity, 'of' ,dra.-inag.e, from them s,o'orier ' than if' they were allowed 
to ' remain open. " , .,',. , : ' ' 

5. ' There fsno direct , ',r~i~,t,{~,n betwe;en the, p'ercentage of total iron in 
,these waters arid 'there.la:tiv:e; proportion of ferro~s' Pond .ferric salts held in 
solutIon. ,', _ 

. , i I 

6' ~ " With. lower percefltages of ~li~sol ved 'oxigen, the amount of fertous 
sulphate :In waters from abandoned mines ~s been foimd to be c'orrespondingly high. 

" 

4874 - 8 ... 

1 
t 

1 

t 


