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DISTRLBUTION OF SELECTED TRANSITION AND HEAVY METALS IN CLASTIC OVERBURDEN

~UNITS OF THE APPALACHIAN AND INTERIOR COAL BASINS: WATER QUALITY IMPLICATIONS -

BOGNER, Jean E., and SOBEK, A. A.

Argdnne National Laboratory, EES;S, Argonne, Illinois
ABSTRACT

As part of a study to investigate possible sources of transition

and heavy metals transported in coal mine dréinage, overburden lithologies

"from 18 surface mines in the Appalachian and Interior Basins were sampled

and analyzed for total chemistry. The mines were widely scattered geo-

graphically :so that - sampleg couidA be obtained of as many representative
1ithologies as §oésib1e. Overburdeﬁ units were predominantly Pennsylvanian
basin margin clastics, with some.PennsylvénianA¢arbonates and Pleistocéne
sediments in the Interior Basin. 'Based on lithologic deécriptidns, fela—
tive percentages of silicon and aluminum, andvgross mineralogy from semi-

quantitative X-ray diffraction, the average metals concentrations for

‘overburden units were developed. for two major lithologic groups: (1)

quartz-rich wunits, including sandstones, siltstones, and silts; and (2)
clay-rich units, including shales, claystones, clays, and tills. Comparing

the regional averages for this stﬁdy with published averages for the coals.

of the two regions, the highest average concentrations of most metals

occurred in the fine—gfained (clay—riqh) units of the two regidhs; excep-
tions were chromium, .strontium, aﬁdv lead in Interior Basin quartz-rich -
units; and zinc aﬁd sulfﬁr in Interior Basiﬁ coals. ‘Manganese concentra-
tions were elevétéd in the quartz-rich units of both regions. In general,

the Interior Basin quartz-rich units and coals contained.high average




‘concentrations of iron and sulfur; however, suﬁstaﬁtial quantities of
neutralizeps (refiected in high average'calcium'content and higﬁ neutrali-
zation potential) were also présent in the Infefior Basin'clastics.
Scat;érgrams of total elémentai>conceﬁtr&tions'indicated that the data for
' most pairs of‘ eiements tended to  c1u$ter in parficular portions of the
field. The most'prominenf linear trend waé a positive relationship'between
'potéssipﬁ‘and aiuminﬁm for.thé qﬁaffz—ri;ﬁ-tocks, where the two occur
‘fogéther as muécovite/iilitgland KjfeLdspar. ‘The plots-of alkali and
'alkaline earth metals were the most distinctive for regional discrimination
4Betweeﬁ groupé of samples. -Scattergrams of average overburden concentra-
~tions vsr average untreated»mine watéf‘concentrationg af tﬁe Qarious si;es
were inconclusive. . Two Bettér»meané of evaluating the relétionship betwgen
overburden chemistry‘and resulting water quality at coal strip mines
afe (1) the simple acid—base account and (2) metals concentrations in
selectedvextracts of overburden materials at pH ranges comparable to those

in the natural mine setting.
" BACKGROUND AND ACKNOWLEDGMENTS

A U.S. Deéartment of Eﬁergy (DOE)-funded environmental monitoring-
étudy of wéter quality at 21 coal strip minesvin the Appalachian and
:Interior' Easins led to the aécumulation 'pf detailed analytical data' on
ove?burden chemistry‘ét 18 of the mines étddied. The main concern for
water quality at surface coal mines,';hat is, pyrite oxidation and hydrol;
"ysis that produces high levels.of aéidity; sulfate, énd dissolved metals in ;
mine waters, 1is wéil documented (Singer_andlStumm, 1968; Stumm and Mérggn,'
1970). Overburden analyses'usuallyAconsist of total chemistry éf digested

samples, and no attempt is made to simulate the range of water quality




conditions at é'given mine —-- either for comparison of existing water
quality with thé geologic materials present or for prediction of future
water quality. Thus, four of this project's goals were to: (1) examine the

total chemistry of overburden materials on a regional basis; (2) compare

ﬂ‘and,contrast the total chemistry of overburden materials with observed

wa;ér quaiity; (3) compare the total chemistry of sediments in strip mine
settling bonds to overburden chemistry: and (4) analyze a series of aqueous
éxtfacﬁs of the pond samples'taken‘undér vafioﬁs pﬁ condiﬁions in order to
examine the relaﬁive mobility of selecﬁed metals in the pond sediments.
Locations,of‘overburden, Qéter, and sediﬁent pond saﬁpleslare shown in
Figure 1;_-‘

The projéctlwofk was a team effort by many orgénizations and inﬁi—
viduals. The watef_and overburdenAsampling and analyses were performed
ﬁoétiy by university and geological survey éubcontracto%s to Argonne Na-

tional Laboratory (ANL), who are acknowledged individually in Table 1.

' .The assistance of all is gfatefully appreciated. Their analyses were

"supplemehted by ANL laboratory work. The averaged coal analyses for the

Appalachian and Interior Basins were taken from the U.S. Geological Survey
(USGS) open-file report of Swanson and others (1976) and from the Illinois
State Geological Survey (ISGS) circular by Gluskoter and others (1977),

sinceAcoai data were not complete for the Argonne study. The settling pond

.sediment data (totals and extracts) and the acid-base account for Mine PAl

’

were completed at thé laboratory of the Coal Extraction/Land Réélamation
Gréup a;_Argonné;' Sediment samples weré collected by the authors. 'Laboré—.

tor& staff whose saﬁple preparafionAand analytical work was.vital to this
project include John Freéman, Ann Zoeiler, Melvin Findlay, Mérilyn Master,

and Robert Voss. X-ray diffraction work‘and initial chemical work on the




and initiai-cheﬁicai'wak on the settling pond sediménts (totals and buff-
ered pH extracts). were completed. by Dr. -Robefg Doehler of Northéasﬁern
'Illinois University, who was a visiping professor at ANL during the academic .
year l97i—1978 and was an integral part of the éroject team. The assistance
of Paul‘Smedinghoff, JameéAM;Intyre;_Paul K;liéz,laﬁd Madeline Antos with
-dat; étorageland manipulation is also gfatefully ackﬁowledged. Funding was
- provided by‘U.S; Department of Energy, Division of Environmental Cont;ol

Technology.
_METHODS

Overburden samples:consisted mainly of representative gréb sémples
of the yarioﬁs lithologies present af eéch site; some channel' samﬁling
was done af selected sites for both overburden énd‘coal. Digestion methods
fﬁr overburden analysis used by the university and geological survey
éubcontractors inciuded acid digestidﬁ, lithium metabora;e fusion, lithium
metaborate/lithium tetrabﬁrate fusion, and sodium hydroxide fusion. Detec-—
tion was Sy atomic absorption.spectrbphotometry (AAS) and ﬁigroprobe analy-
4"sis. All methods are summarized in Table 1. '

Settliﬁg>pond.sedimenf samples consisted of composifeAgrab’samplés
of the'éntire sediment column collected as near as poésible to the center-
line of the delta éntering the pond. Samples were stored in plastic bags,
képt cool unfil return to the laboratory, -and éir dried. For total analy-
sis, the sediment éond samples wére digested by 1ithium.metaborate/lithium
tetraborate fu;ion and analyzéd by AAS (Shapiro, 1975). The‘various ex~

_tracts were done as follows:

Nonbuffered extracts (pH 2.0, distilled water,
pH 10.0): Method of Jackson (1958), using

1:2 Soil:Watér Extraction oflSolubleASalts.'




Buffered extracts (ka3.4, pH 4.0, pH S.O, pH 5.9):
Method of Cotﬁschalk (1959), using IOmL of a
mixture of 2M sodium acetate and 2M acetic acid;
the mixture was diluted to 100 wlL, shaken with
2 g of sample for 2 days, centrifugedAatVZOOO rpm for
20 ﬁinutes; and the supernatant decanted for 4

analysis.

DTPA extract: Method of The Council of Soil Testing"
and Plant Analysis (1974) for Determination of Zinc,

Manganese, Iron, andACopper by DTPA Extraction.
Aﬂalysis of all extracts was by AAS.

‘;TheAacid-Basé account for the overburden section at mine PAi was
calculated from acid potential and neutralization potential values
détefmined according to the method of Soﬁek and othersl(l978). Carbon
and sulfur analyses of overburden and se&iment samples were done by
LECO furnace; pﬁ was determinea in the laboratory ﬁsing a saturated
paste of the ground.sample.‘ Analysig of untreated mine waters by the
subcontractors detailed in fable 1 was done by AAS according to standard

methods using filtered (0.45um) samples.
_ RESULTS AND DISCUSSION

'RegiOnal elemehtél averages for overburden samples were calcﬁlated ‘
for the two major lithologic groﬁps chaféctgristic of both the Appalachian
Vapd Intérior Basins; these grbups were (1) the quartz of silicon-rich
Nrocké, including sandstones, sands,Asiltétones, and silts, énd (2) clay or
alumipum—rich rocks, including shales, claystones, clays,.underclays, and
tills. vBecause of theAAiversity of the data, lithologic descriptioné vere
heavily relied upon, supﬁlemented by'semiqhantitative X—ray diffraction

using pure quarti and clay standards to give relative percentages of each




and the ratio of silicon to aluminum for all samples for which major ele-

‘ments were determined. -~ The justification for this broad subdivision of

units is shown in Figure 2, a plot of silicon vs. aluminum for the over- -

burden analyses. This indicates a bimodal distribution between samples in

‘which there is a fixed ratio between silicon and aluminum (the linear

_trend), which we interpret to be clay-dominated, and a cluster of samples in

the higher range of silicon values, which we interpret to be quartz-domin-—
ated. Elemental analyses performed on carbonates sampled in the Interior

Basin are not reported in this paper; however, it should be noted that the

. highest average concentrations of zinc and accompanying high lead concen-

trations were characteristic of the few Interior Basin limestones sampled
for this study. In glaciated areas within the Interior Basin, the local
source material, of course, included Pennsylvanian bedrock; thus, the

fide-graineq'glacialvtills are included with the clay-rich lithologic group.

‘Water-laid Pleistocene sediments (silts and sands) wefe included with the

quartz-rich lithologic group. Alluvial aﬁd-colluvialtsediments were like-

wise categorized according to textural class. Thus, this study basically

compares average elemental énalyseé of basin margin clastics in the Penﬁsyl—
vaniép'seqhence in the'Interior Basiﬁ to those inAthetAppalachian Basin; thé
few Pleistocene samples thét are included mainly éerve to increase tﬁe data
sp?ead in the Interior Baéin.

| Figures 3 and 4 are bar graphs iliuétrating a comparison of the

i

results obtained with the average values of sandstone and shale, respec-

tively, reported by Turekian‘and Wedepohl (1961). These figures plot major

and minor elements by percent at the top of each figure and trace elements
in parts per million (ppm) at the bottom of each figure. The number of

values averaged is given as a range (lowest number of value < n < highest




numsér of values). Standard devia;ions.wére 1arge,'as would be expected for
this gross type éf regional comparison.

Looking first a£ the clay-rich units in the Appalééhian Basin com-
pared to the average shale, it can -be éeen‘that'these units coﬁtained‘lesé
calcium, maghesium, and sodium;'bﬁt more potassium}.iron, and éulfu:5
-Mangangse;waé about the same as the reéorted average for shale. 1In the
'traée.elements, the aQérages for the Appalaqhién éiay—rich'units were a11‘.
highef than tﬁe.averége shale with the éxceptibn of strontium, which was
lower. Averagés for Elay—rich:uﬁits,in the Interior Basin indicated less
calcium ;nd magnesium ButAmore.sulfur than the a?erage sha1eQ' HoweQer,
these units contained more célcium,‘mégnesium, and sodium, but less iron and
4sd1furtfhaq the average values fofithe‘Appaléchian Basin clay-rich units.
Manganese'was similar for the averages of the two regioms. Examining the
average traée elément concentrations fér c1ay~ricﬁ units in the Interior
Basin; both copper and zinc values were lower than the averége‘shaie.
Compafing the frace élement-averages'for clay—rich rocks in botﬁ regions,'it
can bé.seen that cobalt, molybdenum, cadmium, and lead were_all higher fof
the interidr Basin.

‘-Figure 4 presents-compafable data for the quar#z—rich foéks of
both regibns. Céméaredlto‘average éandstone values, the Appalachian Basin
avefages.were lower fof calciumlénd magnesium but generally higherlthan
the average éandstone values. Comparing the quartz-rich units in thé
'Interior Basin to the average'sandsfone, the‘Interior Basin rocks contained‘
more sodium, iron; and sulfur; but generélly less of the other major and -
minor elements than the average sandﬁtone. Compared fo theA quartz-rich
Appalachian averages, the Interiér Basin qUa;té—rich units contained more

calcium and iron but less potassium. Examining the trace element averages




for thc quarts riclhi units of both regions, all of the Interior Basin aver-

ages were higher thaﬁ the average sandstone, and most Interior Basin aver-
ages,. inéluding chromium, cobalp, nickel, =zinc, strontium, cadmium, and
lead, were alsb ﬁighgr than thévAppalachian Basin aQerages.l

Thus, thé daté in Figure§ 3 ana 4 generally confirm what is known
regarding‘fhe Pennsylvanian sediments and mine waferAqQality in the two

regions. That is, if average calcium concentrations are used as a carbonate

" indicator, and iron and sulfur as indicators of potential acidity as oxi-

dizable pyrite, the Interior Basin overburden éequence generally contains

- more average pyrite but also more potential neutralizers than the Appa-

lachian Basin sequence. It is significant that this observation is appli-
cable to the clastics as well as to more gemneral comparisons of the relative

amounts of carbonates in the two sequences.

Figures 5 through 7 present selected elemental averages for the

two lithologic groups -of each region compared to averages developed by

' Swanson and others (1976) for the coals of the two regions. Their data

included averages of 331 coal samples in the Appalachian Basin and 143
samplés in the Interior Basin. There were no samples for Illinois in the
average coal values reported for the Interior Basin, but averages reported

by Gluskoter and others (1977) for 113 ‘Illinois samples were all lower than

the averages reported by Swanson and others for the elements presented in . "

Fighres 5 thfough 7.

Figure 5 presents comparative data for iron, manganese, and sulfur

-~ iron and sulfur as the "acid producers'" for mine drainage, and manganese

 Aas'the only other metal in mine drainage directly regulated by the U.S.

Dept. of Interior's Office of Surface Mining (OSM). Manganese also tends to

exhibit geochemical behavior similar to that of iron. In Figure 5, iromn is




highest in the Appalachian clay-rich units, but average iron values are
higher in the Interior Basin for both the coals and the quartz-rich rocks.

Manganese, unlike many of the metals shown in-the'figures,.is highest in the

quartz-rich units in both regions. Total sulfur values are highest in the

' coals. Comparing the iron and sulfur values stoichiometrically as FeSj,

) . Vs . . .
there is excess iron in' the overburden units but approximately the correct

ratio by weight in the coals of the two regions. The other major irom
mineral present in the overburden is siderite.

Figure 6 presents comparative data for the potential 'neutralizers"

in the four rock classes plus the coals. Obviously, the highest averagev

percentage of calcium occurs in the Interior Basin; certainly, some of the

calcium occurs' as gypsum or other minerals in addition to calcite or dolo-

mite (magnesium generally followed calcium in Figures 3 and 4). Note that

for calcium in both regions there is a consistency in that calcium is

highest in the quartz-rich rocks, next highest in the clay-rich rocks, and

lowest in the coals. Strontium generally correlates well with calcium but
here the only instance where the relative highs and lows are in phase is for

the quartz-rich units, i.e., higher strontium in the Interior Basin. The

last set of gréphs in this figure illustrates neutralization potential

(N.P.), which is the amount of HCl that a given amount of ground rock sample

will neutralize (Sobek et al., 1978); the units are tons of calcium carbon-

-ate equivalent per 1000 tons, which bﬁsically expresses the result as an
_agricultural lime requirement since 1000 tons is approximately equal to
an acre plow layer. The N.P. highs and lows generally follow calcium for " *

‘the two types of units, as would be expected.

Figure 7 presents equivalent averages for eight selected trace
metals. These averages are all higher in. the overburden than in the coal

with one exception, zinc in. Interior Basin coals. These averages are



generally higher for the cléyfrich rocks than for the quartz—-rich rocks

for each region: exceptions are. zinc, lead, and chromium in the Interior

Basin, which were all higher in the quartz-rich units. The molybdenum
data averages are SOmewhét suspect since there were fewer analyses averaged,
and thus poorer distfibution of results in comparison to accompanying

analyses for other elements. The relative averages for trace metals in the

quartz-rich rocks generally follow the same trend as iron and sulfur, i.e.,

higher averages for the Interior Basin than for the Appalachian Basin; the

exception.isAcopper. For the clay-rich rocks, recalling that the averages

for iron and sulfur were higher in the'AppaIachian‘Basin than in the Inter-

~ior Basin rocks, the same is true only for zinc, nickel, and copper in

- Figure 7. For the coals of the two regions, recalling the average iron and

sulfur were higher in the Interior Basin than in the Appalachian Basin, the

‘same is true for most of the eight metals plotted in Figure 7; the excep-

tions are chromium and copper.

To summarize the average elemental analyses plotted in Figures

-5 through 7, the highest average concentrations of iron, sulfur, zinc, and

nickel occur in the quartz-rich rocks and in the coal in the Interior Basin
samples; the highest averages for the clay-rich rocks occur in the Appala-

chian Basin samples. . Secondly, for'each region, the highest average concen-—

trations of transition and heavy metals occur in the clay-rich units rather -

than in the quartz-rich units of the coals; exceptions are iron, zinc, lead,

- and chromium in ‘the Interior Basin and manganese in both regions. Finally, ’
appreciable quantities of potential neutralizers (based on average calcium ..
percent and N.P.) are contributable from calcareous clastics in the two’

. regions; as shown in Figure 6, the resulting averages for these two para-

meters were substantially higher for the Interior Basin than for the Appa-

lachian Basin.




In an effort to gain insight into the mineralogical combination of

the various elements for which average analyses have been presented, scatter-—

‘grams were plotted for the various elements of each lithologic group.

Figure 8 presents generalizations of some of the more meaningful plots. The
strongest direct correlation was between aluminum and potassium for the

quartz-rich units, where the two elements occur together as muscovite/illite

- and, locally, as K-feldspar. Other-correlations suggested by these plots

include, for the clay-rich' units, a direct relationship between calcium

and magnesium, direct relationships between potassium, aluminum, and sili-

con, and a cluster of high sodium values for the eastern Interior Basin
bsampleé-(mostly samples from Mine IN1). In addition, for the clay-rich

_units; regional separations based on plots of selected alkali and alkaline

earth metals, main;y relating to the wide‘ragge of higher calcium and
magnesium_valués for the samples from the Interior Basin, were also'evi;
dent. for the qugrfz-riéh units, thé'strong potassium/aluminum relationship
was also guggésted in the plot of potassium vs. magnesium. Regional sepa-

rations for the quartz-rich samples were also evident for selected metals —-

-including nickel vs. copper and zinc. In general, however, the plots of

alkali and alkaline earth metais, appaféntly relating'td regional paleo-
.enyironmental conSiderations, were the most meaningfu1 for data sepa-
rations between basins.

Prediction of mine water quality,frow the types andbquantities.
of ovérburdeﬁ matérials present isvé tenuous exercise at bést. To examine
pbssible relationships between total chemisfry éf overburden matefial
and raw water quality at the sites studied, scattergrams were also plotted

of average concentrations of overburden constituents at each site vs.




average pit'water quality; these were generaliy inconclusive. Two methods
‘'which have more promise are illustrated in Tables 2 and 3.. The fir;t table
presents manganese 4ana1ysés from five sémples taken from settling ponds
which receive pumped discharges from the active.pit at some aéid Appalachian

strip mines in Maryland, West Virginia, and Pennsylvania. The mine effluent

at all five sites required chemical neutralization treatment before dis-

éharge. The settling pond sediments were chosen as a worst-case condition

éince " they are the moét fine-gréinedA and homogeneous of the overbu;deh-
_derived.spoil materials; théy may also contain high levels of transitioﬁ and
héavy metals. Some‘df these metéls are overbgrden—deriyed, some are con-
tributed diréétly from local erosion, aﬁd others are takeh.out of the water
by direct preciﬁit&tion, co;precipitafion; and/or adsorﬁtion. 4Figure 9-is a
plot of silicon vs.‘alﬁhinum for pond sedimen;s-at mines requiring chemical
neutralization treatment for water; note the éimiiarity to the same ﬁlot for
;he overbufden. ma;erials (Figure 2), indicating a population sélit into
clay-dominaﬁed and quaftz—dominated factions. For unmined(areas, a Simila;
set of analyses can be performed.on_representativé overburden samples from
éxploratory drilling. 'fhe data for manganese are presented here because,

although manganese is not particularly toxic, it was the most mobile of the

metals studied, and other metals tended to mirror its behavior to a greater

or lesser extent. Table 2 also presents some basic characteristics of

the five samples chosen; note the.diversity of values for pH, sulfur,

cérbon, N.P., and clay, with MD1-7 being highest in clay and PA3-1 highest

in sulfur, and lowest in pH and N.P. The data for the various extracts

indicate the various amounts of manganese released as a result of three

types of laboratory extraction procedures at various pH levels. The first




golumn sh0ws'the total amount of manganese presént, in wéight percent. The
next three columns indicate the parts per million of manganese extracted
(dry'weight sédiment basis) by non—guffered aqueous extrécts (2:1 water:
sediﬁent)<at.éAlbw pH'(Z.C using HCl),.a near-neutral pH (usihg distilledb
‘water), and a hiéh'pH (10;0, using NaQH).' Coiumns fivé through eight show -
the amount of mangaﬁeseAextracted with sbdium acetaté/acetic acid buffer
- solutions at pH 3;4, 4.0, SLO,Iand 5.9. The second-to-last column shows the :
amount of manganese lextraéted“with the chelate DTPA. (diethylenetriamine
pentaacetie¢ acid); Finﬁlly, fo? comparison, the last column gi?es averages
and ranges for -manganese concentrations in the watef erriying the pond
isediments, and also the pH ranges for the pond.ﬁater (which were exgréme).
_Note that there waSAgenerélly an inverse relationship betwéeh extractable
ﬁanganese concentrations and pH:ih both thé buffered and nonbuffered sys-—
fems. It is generally frue that the highest amounts of manganésg (andlthe
other hefals) extracted occurred in tﬁe buffered system. Within the buff-
eréd system, the highestvamounfs bf_manganeée (and most other metals)
extracted occUrréd fér sample PAl-1, wﬂich had the most manganesé (and other
metals) present én a total basis; In the ndnbﬁfféred éystem,‘the highést'
v'amounté_of maﬁganese extracted occurred for sample PA3-4, which was theAmost
acid (lowest pH and N.P.), eQeﬁ though it had the leaét total amdun; of
:manganesé preseﬁt. TheADTPA ekt;actable manganese, included to consider the
potential suCCes;'df pond reclamationAsince it generally cbrrelapeé Qeil;
with plaﬁt uptake as>a méasure of_exchangeaﬁle metals, was highes; for the
s ame sample as the buffered extracﬁs (pAl-1, tﬁe Qample with the most t5t31

manganese present).




Some tentative conclusiqns for the pond sediments; baéed on the
preliminary‘ but rather extensive set of extracts completed for the five
samples>in Table 2 include: |

1. Thé behavibr of manganese, as just descfibed, was

eséentially duﬁlicated by cobalt, ﬁickel, éoppef,
zinc, and cadmium. N
2. The Sghavior of chromium generallyighowed the same
"behavior as manganese for the nonbufferea extracts-
(i.e., most éxtracged in'the two most acid samples),_
but showed a correlétion with cléy content in:the
‘buffered extracts (moét extracted in sample MD1-7).
3. Thé behavior of iron aﬁd lead showed the same behavior
as manga;ese in theknonbuﬁféred system; however,Athere> .
were generally higher amounté éf iron and lead ektracted‘
in the buffered system for sample PA3-4, the most acid
"sample. | | |
4. Actual'pond-water concentrations (mean and rangé given_.‘
in last column) geﬁerally were of ‘the same ordef of
magnitude as the nqnbuffered water extracts, but the
. wideArange of §verag¢ maﬁganese concentrations for
~pond wager (less than 1 fo more than 60 mg/L) reflects
‘-tﬁe wide range of pond acidity through a.given year.
‘5. Among the low pH buffered e#tract (pH 3.4), the 1o§—pH
nonbuffered extract (pH_Z.O),,and the DTPA extract;
there was a re@arkable'consistency in the order éf
elements extracped-(caléulated on a percent-of-total
basis).' The ordér was (manganese) > (pickel,zinc,

¢obalt) >A(chromium,copper,iron,aluminum).




~ The implications of the aqueous extracts performed on the sediment
samples with regard to mine water quality are obviously preliminary but
present some interesting possibilities. For example, the fact that the

high amounts of metals extracted in the buffered system were rarely observed

in the pond waters suggests that the time required for the sediment/

pond-water system to reach some sort of dynamic equilibrium is never attained

.iﬁ the natural setting. Rather, due to periodic influxes of acid untreated

water and treated, sometimes highly alkaline, water, many metals undergo

rapid flux from the liquid to the solid state. As a result, the metals

concentrations in pond waters seemed to average close to those of a dis-

- ‘tilled water extract. If there were prolonged contact of pond materials

wifh low pH waters, metais conéentrationsvmight reach extreme levels.
Another ipteresting'observation toAbe made regarding the metals dafa fo; the
pond sediments is the mobility of manganeée, thch is one of the four mine
drainage.pafameters‘régulated by OSM. then, simpleAchemical neutralization
treatments (hydrated lime, soda ash), effectivelylreduce iron concentrations
in mine drainage but ‘do not reduce manganese concentrétions to acceptable

levels. The preliminéry data here suggest that manganese, due to its

mobility, may indeed. be a good indicator of high levels of other metals in

mine drainage since the other metals tended to mirror its behavior.

. Table 3 shows an example of what is still probably the best predictor

of water quality at .coal strip mines, a simple acid-base account of an

overburden section (Mine PAl) in which an excess or_aeficiency of bases is
reported fqr each unit. The basic data for the construction of this aécount
consists of two measurements for each unit: total (or pyritic)‘sulfur, and
neutralizatiéﬁ potential. The accounting balances maximum potential acidity_

(from immediately—titratable sources as. sulfuric acid equivalent)




against total neutralizers (from aikaline éarbonates, exchangeaBle b&ées,
Weatherable‘silicates, or other sources capable of neutralizing strong acids
as determined by the N.P.). The.potential acidity is detérmined'by multi—
plying the total or pyritic sulfur content of a fock unit (giveﬁ in %) byv
"31.25, since overburden material confaining 1% sulfur (all pyritic) will
réquire 31.25 .tons of calcium cafbonate to ﬁeutralizé the éulfuric acid
produced by oxidation.and_hydrolysié>of 1600 t?ns of the.overbufden material.’
Thus,(the N.P. i; balanced against poténtial acidity to form a net acid-base
accouﬁt.‘ The excess or deficiency‘of bases for each unit can tﬁen be
.multiplied By unif thickqesses to indicate apbroximaté quanfitiesiof acidic
vs. neut:al—ﬁo-alkaline spoil materials. See Sobek and others (1978) for
further discussioﬂ of -this method.
The data for PA} indicate that sulfur content is highest adjacén; to
‘the cogls. Mosf overburden samples, ﬁowever,'contain exceSS‘neutralizérs -
especially sample B-l5.. Examining the total thickness of the acid toxic
 materia1s (those wifh a'net-deficiency of'baseé), these matérials comprise
only about 167 of this particﬁlar overburden section. Thus, water quality
in spoils can be maintained by blending the toxic and'nontéxic materials.
-The'main toxic horizons Qf coﬁcérn are B-1lx, 3—10, and B—lx.l
The value of an acid-base account 1is tﬁat it 1s a éimple, readily

accessible method for mine operators to identify acid-toxic materials

in a given overburden sequence Aand giyé some indication of the 'balance
between ﬁotentiél acid;producérs and.botenﬁial neutraliéers. A detailed-
exploratory program can thus give an indicatioﬁ? prior to mining, of the
reiative'volumes of both types of ma;eriéls present. Fof.simplicity, total

sulfur values are often used for this accounting, but high concentrations of

.




sul fate or 'organicl sulfur will give misleading résults; in such cases?'
additional 1eéching of rgpresentativé samples to determine pyriﬁic sulfu?
édntent.is frequently desirable; |
Thus, one c;h utilize at least two methods to predict water quality
in a given miné éetting: (1) the écid-base account to examine the poten-
tial of a given unit or a given overburden sequenée for acid/neutralization
potential, 'and. (2) .aﬁueoué exfracts‘ to similate the release of various
metals under a.range'of'ﬁﬂ conditions. A full.ch;réctefiiation of an
overburden sequencevwill include both types of analyses. As indicated by
the felative amounts of metals present on a total basis ahd‘the amounts of
metais extracted from fhe settlihg pond sediments by the bufferéd pH solu-
tions, time is the unknown bﬁt critical factor in predicting water quality.
The raté at which acidity and metals are reléased and acidity is neutralized
»(eithef naturally or by chemical treatment) isva'function of mining‘method,
spoil handling and placement, and hydrogeologic setting/drainage plan,
'ail of which interact ﬁo determine the rate at which the pH-dependent

solubilization of metals occurs in a natural mine setting.
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"Table 1. -Methods of Overburden Sample Collection,'Digestion, and Analysis;

Key to Subcontractors and Mine Drainage Treatment Methods

13~IN1

HF, HCl, HNO3

i

-t

'Siether; Ind. State U.

" Overburden Overburden Method of Chemical
Type of Digestion Analysis ‘ . Neutralization Treat-
Site Sample Method(s) Method(s) Cooperator(s) ment for Mine Water
1-0H1 c NaOH Fusion, . | AAS Corbett, _Nome (Na3CO3 for.
: and HF, U. of Akron coal pile runoff only)
~ H9S04, HNO3 . o .
2-ALY G LiBOg 4 AAS Boone and Evans, Ca(OH)9, Clg,-
Fusion’ Ala. Geological A1503 (not in use)
A Survey '
3-TN1 HF, H2C104 AAS ‘Byerly, U. of Tenn. NaOH (abandoned)
4-TN2 HF, HyC10, AAS ‘Byerly, U. of Tenn. None
5-KY1 LigB407 AAS, ES, XRF - Hester and Leung, None
Fusion ' E. Kentucky U. '
6-KY2 G LigB407 "AAS, ES, XRF Hester and Leung, None
- Fusion - ' E. Kentucky U. '
7-PAL G LiBOy AAS, ES Lovell and Parizek, Ca(OH);
‘ Fusion . Penn. State U, .
- 8-PA2 G LiBO,y AAS, ES Lovell and Parizek, _None
. Fusion Penn. State U. - o
9-PA3 G LiBO9 AAS, ES Lovell and Parizek, Ca(CH),, NasCO3
_ Fusion Penn. State U. 4 -
10-MD1 G LiBOy - AAS Behling and Renton, ca(OH)y, NagCO3, . -
o Fusion ' W. Virginia U. alkaline industrial wast
11-Wvl G LiBO0, " AAS Behling and Renton, Ca(OH),, NayCO3
Fusion W. Virginia U,
12-KY3 HF, H9SO4, HNOj AAS Hood, S. Ill. Univ. NaOH
AAS Guernsey, Ash, Howe, None




Table .1 (Contd.)

Metﬁod of Chemical

‘Overburden - Overburden
. Type of Digestion "Analysis , Neutralization Treat-
Site Sample Method(s) . Method(s) Cooperator(s) ment for Mine Water
14-1L1 c HF, H,S04, AAS Hood, S. Ill. U. None
- (HNO3 | . |
15-1L2 c HF, H,S0, AAS Hood, S. I1l. U. . " Nonme -
16-1A1 G (sulfur forms, neu- Sendlein, ‘Ca(OH) 9.
' tralization potential " Iowa State U. ‘ '
. - only) : ' L
17-M01 G HF, HyCl04, AAS Bolter, U. of Mo. - NH3
HNO4 . . '
- 18-M02 G HF, H,Cl04, - AAS Bolter, U. of Mo. ~ Nome
. HNO3 : '
19-0K1 G HCL, HF, H,S04 AAS, wet Comer, U. of Tulsa None
chemical, . :
- XRF, MP '

. Key to Abbreviations

= Channel sample
= Grab sample

AAS = Atomic absorption SpeétrOphotometry

ES =
XRF =
MP =

Emission spectrophotometry
X-ray fluorescence
microprobe




_Tabie 2. Total and Extractable Mn from Selected Settling Pond Sediment Samples

Non-buffered Buffered DTPA -
: Total _ Average (and
Sample - Mn pH Dist = pH "pH pH pH pH Range) for Pond
No. Present 2.0 Ho0 10.0 3.4~ 4.0 5.0 5.9 Water [pH range]
()  ppm  ppm  ppm  ppm  ppm ppm  ppm  ppm Mg/L [pH]
MD1-7 ©0.03 66 14 4.4 95 93 88 56 60 63 (20-96)
pH = 5.4 | ‘ (2.4-7.0]
N.P. = 5.0
Tons CaC03/1000 Tons
‘ZCc =5.1
%S =0.03
% Clay = 35. : .
WV1-4 0.08- 58 8.6 1.1 429 . 407 351 218 69 7.8 (2.1-20)
pH = 7.1 | [3.9-8.3]
N.P. = 23 :
ZC =2.7
%S =0.07
% Clay = 40 . o
Wwv2-3 0.07 33 . 2.0 1.7 412 370 339 311 193 1 0.73 (0-2.2)
pH = 5.0 a ’ [4.4-10.4]
N.P. = 1.2 _
% C= 2.6
%S =0.01
% Clay = 60




Table 2 (Contd.)

Non-buffered Buffered DTPA
Total Average (and
Sample Mn - pH Dist pH pH pH pH pH Range) for Pond
No. " Present 2.0 Hp0 10.0 3.4 4.0 5.0 5.9 ' Water [pH range] -
(%) ppm  ppm  ppm - ppm ppm ppm ppm - ppm Mg/L [pH]
PAl-1 - 0.17 26 2.9 1.3 1350 1280. 1240 906 201 2.2 (0.96-3.7)
pH = 7.3 | | [4.2-8.7]
N.P. = 15 l :
2 C =5.1
%5 =10.03
% Clay = 35. B N .
PA3=4 . - 0.03 162 74 13 165 154 167 165 89 20 (15 -27)
pH = 3.5 [2.9-6.7]
N.P. = 0.98
Z ¢ =18
%S =1.1
. % Clay = 65
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R }Table 3.

Acid/Base Account for Mine PAl. -

CaCO3 EQUIVALENTS (TONS/1000 TONS)
MAXIMUM
FROM
~ TOTAL | TOTAL | MAXIMUM .
SAMPLE | ROCK SULFUR | SULFUR -| AMOUNT | NEEDED | EXCESS
NO. TYPE?] pH | PERCENT | PERCENT | PRESENT (pH 7.0) CaC03 |
| ‘ (ACID | (NEUTRAL- . -
POTENTIAL) 1ZATION
POTENTIAL)
B-18 ss | 53 045 1.4 2.4 1.0
B-17 | sh | 73] 030 9 28, 27,
B-16x sh | 28 24 15. 43 79.
COAL
B-15 | sist | 82 | .08 2.7 280, 280.
'B-14 sist | 81 | .02 78 51. 50.
B-13 ss | 52 .000 ~0- 0.07 0.07
B-12 sist | 75 | . 003 29 3. | 29,
B-11x | sh | 29 8.6 270, ~6.5 280.
COAL -
B-10 sh |37 1.2 31. 36 31.
'B-9 sist | 4.4 080 2.5 11, 85
B-8x sho | 31 690 22. 2 22.
COAL
B-7 sh 43 068 2.1 15 056 |
" B-6 uc 6.6 030 94 25. 24.
85 | sn |e2] om0 31 2.4 21
B-4 | sist [ 76 020 63 29, 28.
B-3x sh | 7.2 025 78 40 3.2
B-3 ss 43 19 6.0 ~0.29 6.3
B-2 sist | 7.5 035 11 19, 18.
B-1x sh 1 33 17 53, ~0.76 54. |
COAL |
1

qgs: = SANDSTONE
sh = SHALE

© slst = SILTSTONE

“uc = UNDERCLAY




Fig. 1. 0verburden,:Water, and Sediment Sampling Sites.
Fig. 2. Plot of Silicon vs. Aluminum.

.-Fig. 3. Average Overburden Chemistry of Quartz-rich Units

- Compared to Average Sandstone.

Fig. 4. Average Overburden Chemistry of Clay-rich

Units Compared to Averége Shale.
Fig. 5. Comparative Overburden and Coéi Averages
for Iron, Manganese, and Sulfur;
Fig. 6. Comparative Overburden and Coal Averages for

" Calcium, Strontium, and Neutralization.Potential.

Fig. 7. Comparative.0verburden.and Coai Averages

for Selected Trace Metals.

"Fig. 8. Generalized Scattergrams of Clay—rich and Quartz-rich

Overburden Units ~- Total Chemical Analysis.

Fig. 9. Scattergram of Silicon vs. Aluminum for Settling Pond Sediments

at Mines with Chemical Neutralization Treatment (n = 30).
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APPALACHIAN BASIN
- 34<n<67

%0 1 2 3 4 5 6

Cr

ke

Co

“Ni

| CuX.O
i

Sy

Mo! |

- Cd

| R L

~ ppmO 25 50 75 100 125 150
i AVERAGE SANDSTONE =

- - x‘_iAndic'a_tesA order of magnitude onl'yA

(Turekian & Wedepohl, 1961)
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INTERIOR BASIN
6<n<le

Ca o I

Na |
~ Fe 3
. Mn}fo.oox

Ti

%0 I 2 3 4 5 6

Cr
 Col
NIl |
Cujmmx.0 - | | |
Zn| 1} , 210
" Mol » | | | 1

- Cd}—r0.0x o 21190
Pb] T | E4
[ S N T
ppm O 25 50 75 100 125 50

-—1

| AVERAGE SANDSTONE
- (Turekian & Wedepohl, 1961)

X in_dicatésbrder of _mdgnitude only
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~ APPALACHIAN BASIN

| [3<n<8l

Mg P R
K 1 o

Na i
Fe | !

Mnjl -

Tif 1 o

S|1 o

| l R | | |
% 0 I 2 3 4 5 6

~Ni H B
Zn jL .. 180 300
i
Mol £
Cd}

Cpp -

L 1 | ] I ]

ppm O 25 50 75 100 125 150

i AVERAGE SHALE
(Turekian & Wedepohl, 1961)
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(Turekian & Wedepohl, 1961)
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