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Abstract.--Recent changes to the Pennsylvania surface 
Mining Conservation and Reclamation Act and the 
Federal Clean Water Act include provisions which limit 
liability for preexisting pollutional discharges to 
coal operators who reaffect previously mined areas, 
thereby encouraging the remining of abandoned mine 
lands. Both of these statutes require that baseline 
pollution load be established prior to commencing 
remining operations. The baseline pollution load is 
used to define premining water quality, determine 
effluent standards, and provide a "baseline" for 
evaluating the success of the remining operation in 
abating pollutional discharges. The baseline monitor-
ing must be designed to accorrunodate the types of 
discharges present and must provide accurate measure-
ment of flow rates. Observations of remining sites in 
Pennsylvania have shown that discharges typically 
exhibit one of three characteristic behaviors: 1) High 
flow - low concentration I low flow - high concentra-
tion response, where the flow rate varies inversely 
with the pollutant concentration and variability is 
very great; 2) steady or damped response discharges 
which exhibit relatively minor or delayed response in 
flow rate and chemical characteristics; and 3) 
11 Slugger" response, whereby dramatic increases in 
discharge are accompanied by little change in acidity 
concentrations, resulting in large increases in 
loading. Because discharges are affected by seasonal 
changes as well as individual recharge events, the 
baseline pollution load must be expressed as a 
statistical summary. The baseline data collection 
must be of sufficient duration and frequency to 
adequately characterize the range of conditions which 
are encountered. 
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Reclamation and Enforcement), April 17-22, 
1988, Pittsburgh, PA. 
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INTRODUCTION 

Recent changes to the Pennsylvania 
surface Mine conservation and Reclamation 
Act and the Federal Clean Water Act inClude 
provisions which limit liability for pre-
existing pollutional discharges when a sur-
face mining operation reaffects previOusly 
mined areas. Both of these statutes were 
amended to encourage industry remining and 
reclamation of the thousands of acres of 
abandoned mine lands. Previously, under 
Pennsylvania 1 s Clean Streams Law as well as 
the Clean water Act, any preexisting 
pollutional discharge which was affected by 
a surface mining or coal refuse reproces-
sing operation became the perpetual respon-
sibility of the mine operator, thus pre-
venting release of the reclamation bonds. 
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This created a strong deterrent to reaf-
fecting previously mined areas which other-
wise would have resulted in improved 
resource recovery, land reclamation, and in 
many cases, the reduction of acid mine 
drainage pollution, all without the expend-
iture of public monies. 

BACKGROUND 

The Pennsylvania Surface Mining Con-
servation and Reclamation Act was amended 
by Act 158 of 1984 of the Pennsylvania 
General Assembly to include provisions for 
remining. Regulations implementing Penn-
sylvania's remining law were approved by 
the Office of Surface Mining Reclamation 
and Enforcement (OSMRE) on February 19, 
1986, and are set forth in 25 Pa. Code 
Chapter 87, Subchapter F for Bituminous 
Surface Mining and 25 Pa. Code Chapter 88, 
subchapter G for anthracite. In January of 
1987, the United States Congress similarly 
amended the Clean Water Act to establish 
modified permits for coal remining opera-
tions. 

As of December 31, 1987, the Pennsyl-
vania Department of Environmental Resources 
ha~ issued 34 permits for remining u~der 
Subchapter F authorization (Fig. 1). These 
permits provide for the reclamation of over 
1,100 acres of abandoned surface mines and 
daylighting of 500 acres of abandoned deep 
mines. A total of 112 preexisting pollu-
tional discharges will be affected. While 
most permits affect only 1 or 2 discharges, 
up to 30 individual discharges have been 
affected within a single permit. Most of 
the permitting activity has been in the 
southwestern portion of the state, which is 
the most heavily impacted by acid mine 
drainage problems from abandoned mines. 

Figure 1.--Map showing location of surface 
mining permits issued under remining 
authorization in Pennsylvania and 
location of Arnot (A), Markson (M), 
and Ernest (E) Discharges. 
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BASELINE MONITORING 

A key provision of both the 
Pennsylvania and Federal statutes is that 
the permit applicant is required to estab-
lish the ·baseline pollution load prior to 
commencing remining operations. Pollution 
load is the mass discharge (lb/day or 
kg/day) from the mine site of specific 
parameters such as acidity, iron, or 
manganese. It is found by multiplying the 
pollutant concentration by the discharge 
rate by a constant: 

Concentration 
DisCharge Rate 
Constant 
Loading Rate 

English 
Units 

ppm 
gal/min 
0.01202 
lb/day 

Metric 
Units 

mg/L 
L/min 

0.00144 
kg/day 

The baseline pollution load is the 
pollution loading rate from the mine site 
prior to being reaffected by mining 
operations. A baseline is needed for two 
chief purposes: 1) to determine the 
effluent standards to be applied to the 
preexisting discharge(s), and 2) as a 
yardstick for evaluating the effect of the 
remining operation in abating or worsening 
the pollution load. In Pennsylvania, bond 
release is contingent upon there being no 
statistically significant degradation from 
the baseline pollution load. Accordingly, 
accurate determination of the pollution 
load during the baseline monitoring period 
is important to both the permittee and the 
regulatory authority. 

Accurate flow measurement is essen-
tial for determination of pollution load. 
Accordingly, the baseline monitoring pro-
gram must take two key factors into consid-
eration: the behavior of the discharge and 
the physical nature of the discharge. 
Discharge behavior includes the variability 
of flow rates and water quality, which 
should be considered in planning the 
frequency of sampling, the length of the 
sampling period, and the design. of flow 
measuring devices. The physical nature of 
discharges, which includes point versus 
non-point source discharges as well as 
their location in relation to the planned 
mining activities, can also influence flow 
measurement requirements. Flow from a 
single point-source discharge can usually 
be measured with a weir or other simple 
device. However, diffuse seepage areas, 
which are common on abandoned surface mines 
and refuse piles, usually require composite 
collection with conveyanCe to a single 
collection point. The most potentially 
difficult situation is encountered where 
discharges will be interrupted or relocated 
by mining. In this case, a thorough 
hydrogeologic investigation should be 
undertaken to plan for adequate post-mining 
monitoring. 

Various flow-measuring 
conveyances have been used 

devices and 
for baseliiie 



monitoring on Pennsylvania remining sites. 
A catchment basin with a piped outflow is 
the most practical flow measuring device 
for low volume discharges. Discharge 
measurement is volumetric (e.g., using a 
bucket-and-stopwatch). Weirs or flumes are 
generally necessary for larger volume 
discharges. Flow measurement techniques 
using weirs or flumes are described in 
numerous sources including Eli et.al. 
(1980), Rantz et.al. (1982), and the U.S. 
Geological Survey (1977). 

DISCHARGE BEHAVIOR 

Observations of remining sites in 
Pennsylvania have shown that discharges 
typically exhibit one of three character-
istic behaviors: 1} High flow - low concen-
tration I low flow high concentration 
response, where the flow rate varies in-
inversely with concentration and variabil-
ity is generally very great; 2) Steady or 
damped response discharges which exhibit 
relatively minor or delayed response in 
flow rate with minor changes in chemical 
characteristics; and 3) "Slugger11 response, 
whereby dramatic increases -in discharge are 
accompanied by little change in acidity 
concentrations, resulting in large increas-
es in loading. To examine discharge behav-
ior in terms of baseline pollution load 
characterization, three mine discharges 
were studied (fig. 1.) The discharges were 
selected based on the availability of 
long-term water quality and flow records, 
and to represent the three characteristic 
response types as well as a wide range of 
hydrogeologic conditions. 

Field Data 

The Arnot No. 1 Discharge drains a 
relatively small deep mine complex in Tioga 
county, PA. Data were collected during the 
period from January 1980 through August 
1983 by the Pennsylvania state University, 
Dept. of Geosciences under contract to the 
Pa. Dept. of Environmental Resources, 
Bureau of Abandoned Mine Reclamation 
(Duffield, 1985). The Markson Discharge is 
located in Schuylkill County, PA. and 
drains a large anthracite deep mine 
complex. Water quality data were collected 
from July 1981 through August 1986, and 
discharge measurements were obtained during 
portions of this period by the Pa. Bureau 
of Abandoned Mine Reclamation. The Ernest 
discharge emanates from a 110-acre coal 
refuse hollow fill in Indiana County, PA. 
Water quality and flow data were collected 
from March 1981 through January 1985 by the 
Pa. Bureau of Abandoned Mine Reclamation. 

Arnot No. 1 Discharge 

Figures 2a and 2b show the flow rate 
and acid load for the Arnot No. 1 
Discharge throughout the measurement 
period. Both the flow rate and acid load 
are subject to large fluctuations with 
springtime peak flows in excess of 2,000 
gal/min and summer and fall low flows of 
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ARNOT NO. l DEEP MINE DISCHARGE HYDROGRAPH 

250il - I I - -- ,------------j 
l I l I 
l I I I 
! l t l 
I ! I t 

,....2000. · ----- - -- - --~ -- - ------- --~-- --- --- - - . JI - - - -- --- - -: 
~ ! l I I 
i:; r t r r 

.E ! 1 \ \ 
';;-1500 -----------1---·---------~---- ------1--- -------: 
0 I I I I 
3 1 1 1 

' ' ' 1 t r r 
--------J------------L-- ------J ___ -------1 I I ! I 

' ' ' ' ' ' ' ' ' ' ' ' _______ J_ _ ____ J__ ------1 
' ' ' 

w 
· ~ 1000 

M 
i5 500 

' ' ' ' ' ' ' ' 

1980 1981 1982 1983 

Figure 2a.--Discharge hydrograph for Arnot 
No. 1 Deep Mine Discharge. 
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Figure 2b.--Acid load hydrograph for Arnot 
No. 1 Deep Mine Discharge. 

less than 200 gal/min. This "flashy11 

hydrograph response typifies high flow -
low concentration I low flow high 
concentration discharges. Month-by-month 
comparisons of the discharge data (figs. 
3a, 3b, and 3c} also show large variations 
in flow rate, particularly during the 
months of March through June. Acidity 
concentrations vary inversely with the 
discharge rate, with the highest median 
concentrations occurring during the low-
flow months of September, October, and Nov-
ember. However, because acid loading rates 
represent a combination of discharge and 
concentration, the acid load is found to be 
greatest during the peak flow months. 
Therefore, flow rate dominates the loading 



A ARNOT NO. l DISCHARGE - FLOW RATE BY IIONTH 
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Figure 3.--Monthly median (horizontal line) 
and range (vertical line) values of 
(a) discharge, (b) acidity concentra-
tion, and (c) acid load for Arnot No.1 
Deep Mine Discharge. 
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calculations. In Pennsylvania, the major-
ity of preexisting discharges fall into 
this category. This usually occurs with 
non-point surface mine discharges where the 
capacity for ground water storage is 
relatively small and ground-water flow 
path.s are short. 

Markson Discharge 

The Markson Discharge hydrograph 
(fig. 4a) shows comparatively little fluc-
tuation in discharge rate throughout 1985, 
ranging from 790 to 1,900 gal/min. Sim-
ilarly, acid loading rates are relatively 
stable (fig. 4b). Month-by-month compar-
isons of the entire Markson discharge data 
set (figs. Sa, Sb, and Sc) show some sea-
sonal fluctuation in discharge rate, al-
though far less than the Arnot discharge. 
Acidity concentrations, however, show lit-
tle systematic variation throughout· the 
year. Consequently, the distribution of 
acid loading rates mimics the distribution 
of discharge rates. Typically, steady or 
damped response discharges such as the 
MarksQn Discharge occur with deep mine 
complexes having large mine pools or 
surface mines with extensive ground water 
storage. Water quality and discharge rates 
remain relatively constant, owing to the 
large amount of ground water in storage 
acting as a reservoir which dampens 
fluctuations. Although not .nearly as 
corrunon, this type of discharge is the 
easiest to monitor since large fluctuations 
rarely occur. Fluctuations that do occur 
generally do so over longer time intervals 
rather than as short-term events. 

Figures Ga and 6b compare discharge 
rates and acidity concentrations for the 
Arnot and Markson Discharges. As reflected 
in the monthly summary graphs, the Arnot 
Discharge shows a trend of decreasing 
acidity with an increasing discharge rate, 
apparently reflecting dilution of the mine 
drainage by recharge. The Markson Dis-
charge, however, shows no systematic trend 
in acidity concentration with increasing 
discharge, presumably due to the large 
ground water storage reservoir and its 
ability to dampen changes in water quality. 

Ernest Discharge 

In terms of establishing a baseline, 
the most difficult monitoring situation is 
encountered with slugger discharges. This 
type of discharge exhibits large variations 
in discharge rate with relatively minor, if 
any, change in acidity concentrations. 
Consequently, rapid increases in flow 
result in similarly large increases in acid 
loading rates or acid "slugs". This 
appears to be the case with the Ernest 
Refuse Pile Discharge (figs. 7a and 7b). 
Flow rates vary dramatically in response to 
recharge events, from less than 3 to 470 
gal/min. Concomitantly, acidity concentra-
tions change very little, thereby resulting 
in large, rapid variations in acid loading. 
Presumably, the accumulation of water-
soluble, acid-bearing salts in the refuse 
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Figure 4a.--Discharge hydrograph for Mark-
son Deep Mine Discharge. 
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Figure 4b.--Acid load hydrograph for Mark-
son Deep Mine Discharge. 

pile allows rapid release of additional 
acidity following a recharge event. 
Figures Ba, Sb, and Be. illustrate monthly 
differences in discharge and acid-loading 
rates. Although median loading rates are 
highest during the Spring months, they 
exhibit large variations throughout the 
entire year. 

BASELINE STATISTICAL SUMMl\RY 

As shown by the Arnot, Markson, and 
Ernest examples·, mine discharges are 
subject to large variations in pollution 
load, resulting from fluctuations in water 
chemistry and discharge rates. These 
variations may occur seasonally, because of 
changes in flow rates caused by fluctuating 
ground water levels, or they may occur with 
individual recharge. events. Accordingly, 
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Figure 5.--Monthly median (horizontal line) 
and range (vertical line) values of 
(a) discharge, (b) acidity concentra-
tion, and (c) acid load for Markson 
Deep Mine Discharge. Graphs include 
all data from June, 1981 through 
August, 1986. 
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Figure 6a.--Plot of discharge versus net 
acidity for Arnot No.l Discharge show-
ing trend of decreasing net acidity 
with increasing discharge rate. 
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Figure 6b.--Plot of discharge versus net 
acidity for Markson Discharge showing 
lack of correlation and relatively 
small degree of variability in dis-
charge and acidity values. 

baseline pollution load must be represented 
as a statistical summary. In general, the 
longer the baseline period and the greater 
the number of samples, the more accurate 
the baseline summary will be. Since the 
baseline will be used to judge the success 
of the remining operation, the baseline 
becomes an "insurance policy" and must be 
acpurate and statistically valid. 

Various statistical parameters can be 
used to characterize baseline data. In 
Pennsylvania, baseline pollution load has 
been analyzed using the exploratory data 
analysis (EDA) techniques developed by 
Tukey (Tukey 1977, McGill et.al, 1978, 
Velleman and Hoaglin 1981), Table l 
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Figure 7b, ----Acid load hydrograph fo.r Ernest 
Refuse Pile Discharge. 

presents a typical baseline summary includ-
cluded in a permit for remining authoriza-
tion. The baseline is surrunarized by five 
parameters: the range, median, hinge p6ints 
or q"uartiles, the c values or approximate 
95% confidence intervals, and the 95% 
confidence intervals about the median. 

CONCLUSIONS 

The Arnot, Markson, and Ernest dis-
charges were examined to study discharge 
behavior under a wide range of hydrogeo-
logic conditions. Several conclusions can 
be drawn from these studies which have 
implications for baseline monitoring: 
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(a) discharge, (b) acidity concentra-
tion, and Cc) acid load for Ernest 
Refuse Pile Discharge. 
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Table 1. 

Example of Pre-Mining Baseline 
Pollution Load summary 

RAllllit.lNII POt.t.UTION LOA11 IIUIIHAIIY 

PllklllT ID: UIJ'IPLII HONITOIUNO l>OJNT: IIAlll'Lll a..\T: 110-00•00 LOffO: 00-00•00 

WAlllNCl IN POUND:I PIIR PAY 

""""'"" ACIDJTY ,. ~ IIUI.PATl!ll 
NllflllB.11. or IINIPLKS (NI " " " " 

I, IL\NGK = 1.10 0,01 a.a, 3.16 

"~ UB,U 8.22 t.Bll 421,11 

2.. IUIDIAN 44,65 1.18 1.10 112..30 

3. QUAIITILIIS ~- 11.00 0,11 O,H 31,0Z 
lll<lH 13,26 Z.9J z.n 1e1.n 

t. APPIIOlCUIATI llSll = 3,3t 0,02 0,117 7.51 
a»IFIDl!NCII I.IHITH IUOII 185.06 11,69 t.71 355,60 

6. 9511 COiii', m. ~- 2.7,24 0,29 0.53 411,36 
AIIOIJT ltlllllAN& 1111111 62,116 2,115 1,U 124,33 

&CONFIIIIIIICII JKl'l!llVl,I.S 4l!OIJT H.1101-"I: H tf- l,~6[1,26R/Cl,35(11QR{N)JJ. IIH.lllllr 
H•IIMIIIAN, 11:IL\NOK- Bl!TlllllrN QUIJITIL,1111, SQRCN):SQUAKII ROUTH or Tlllr NUIIUEII or 
~.V,l'I.Hll, l'BOI! 11, H~Oll.1., J,11, TUKHY, AND 11,,., 1.AIISHN, 1978, THH Ml!NIC,.N 
IIT,.Tl!ITICIAN, VOl,.JZ, N0,1, l',16, 

1. Baseline monitoring must be of 
sufficient duration to represent the 
entire range of variability. This 
generally implies at least a year of 
monitoring; however, in Pennsylvania 
the highest and lowest loading rates 
usually occur in the period from 
February through October. Since var-
iations can also occur between suc-
cessive years, one year of background 
monitoring does not necessarily 
guarantee that sufficient monitoring 
has been conducted to adequately 
characterize the discharge for future 
years. 

2. Since individual high flow or high 
loading events can occur over rel-
atively short periods of time and 
fluctuations can take place rapidly, 
the monitoring interval must be suf-
ficiently narrow to capture these 
events. For a steady-response dis-
charge, a monthly interval may be 
adequate. Other discharge types, 
however, should be monitored more 

3. 

frequently and the monitoring inter-
val should be consistent throughout 
the baseline period to avoid biasing 
the baseline by collecting more 
samples during selected (high flow or 
low flow) periods • 

The statistical summary used to 
characterize the baseline and to 
evaluate post-mining performance must 
not give excessive weight to a single 
extreme, but infrequent event. 

4. Proper flow measurement is of 
overriding importance in monitoring 
pollution load, as the flow measure-
ment affects all load calculations 
and appears to dominate the baseline 
load variation. 
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