I11. ABATEMENT CRI TER A DEVELCPMENT

METHODOLOGY

Approach and Water Quality Criteria: An abatenent plan was derived from an
anal ysis of the average water quality of the various streamreaches wthin the Raccoon G eek
study area. If the water quality data indicated AND pol lution within a particul ar streamreach,
then an investigation, utilizing field reconnai ssance and of fi ce engi neering data gat hered
during the course of the study, was perforned to identify the contributing factors of the

pol lution. nce the pol |l uti on causes were isol ated, a proposed abatenent plan was anal yzed
and devel oped to fulfill two criteria:

The abatenent plan should inprove the streamquality to the nini num clean streans
standards set by the GOmmonwealth of Pennsylvania for pH acidity and
alkalinity.

The abat enent pl an shoul d consi der technically practical nethods nost economical to
achi eve the objectives of the desired standards.

The water quality criteria for Raccoon reek, according to Chapter 23, under Title 25, Riles
and Regul ations, Departnent of Environnental Resources as anended is as foll ows:

pH: Not | ess than 6.0 and not nore than 8.5
Al kalinity: Not | ess than 20 ng/l

Total Iron: Not more than 1.5 ng/l

Sul f ate: Not nore than 250 ng/l or natural |evels,

whi chever is greater

VWater Quality Parameters: The results of the anal ysis of stream sanpl es obtai ned from
the Raccoon Qeek study area were tabulated, plotted and studied. Oh the basis of this study the
average acidity and al kalinity concentrations were sel ected as the nai n design paraneters to neet
these cl ean streans standards because they were anal yzed on all sanpl es and because t hey provi de
stochionetrically equival ent val ues. Stochionetrically equivalent values for acidity
and al kalinity neans they can be nunerical |y conpared.

An effort was also nade to enpirically correlate the net alkalinity concentrations (al kalinity
mnus acidity) wth the other water quality paraneters of pH total iron, and sulfates. The data
used to obtain these correlations were fromactual anal ysis results of streamsanpl es obtai ned
fromthe Raccoon Oeek study area. Wien graphs were prepared plotting net al kalinity versus
either pH total iron, or sulfates, only the net alkalinity vs. pl-1 graph yiel ded a snooth curve
as shown on Hate No. 12. This result is theoretically predictabl e because pHis the concentration
of the hydroni umion, whereas, acidity is the total ability of the sanpl e to donate the hydroni um
ion; and alkalinity is the total ability to absorb the hydroniumion. Total iron and sul fate
concentrations do not yield any simlar correlation wth pH either

intheory or inthe actual sanpl es anal yzed fromRaccoon G eek. The coordi nates depicting net
alkalinity versus both iron and sulfates were too scattered to ful fill any meani ngf ul

correl ation.
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Abatement Effects: Not only are acidity and al kalinity conveni ent paraneters

for predicting abatenent effects in this study area because they provide a stochionetrically
predictabl e relationship, but they also correlate well with pH According to the graph of net
alkalinity concentration versus pHshown on Fate No. 12, an abatenent plan designed to yield an
average net alkalinity concentration of about 50 ng/| shoul d produce a correspondi ng i nprovenent in
pHto about 6.0. Mreoever, no simlar correlation between net alkalinity wth either iron or

sul fates can be predicted. Thus, the reconmended abat enent pl ans are designed to yield a net
alkalinity concentration in the receiving streans of at least 50 ng/l. This nethod shoul d, on the
average, fulfill the water quality criteria of pHgreater than 6.0 and net alkalinity greater than
20 ng/|. However, no prediction of the resultant iron and sulfate concentrati ons can be nade except
the assunption that ferric iron shoul d decrease sonewhat due to its lower solubility as the pH
is raised.

The fundanental assunption of the abatenent plan is that one pound of alkalinity wll neutralize
one pound of acidity. The theory of this hypothesis is derived from "Sandard Methods for the
Examnation of Véter and Véste Vdter," 13th Edition, 1971, Section 201. See the Techni cal
Appendi x for further di scussion.

Recommended Pl an: The basis of the abatenent plan was to ascertai n which

streamreaches of the study area were polluted by AAY) as defined by an average net alkalinity
of less than 50 ng/l. An abatenent plan was then devel oped for nonitoring stations | ocated

w thinthese polluted streans to inprove the water quality so that an average net al kalinity of
50 ng/| could be fulfilled.

If nore than one abatenent plan was devel oped to inprove the water quality to the desired
criteria, then the nost efficient of the two plans was chosen. The recommended pl an was al so
dependent upon the ratio of cost to pounds per day of reduced acid | oad.

PRI ORI TY PLAN DEVELCPMENT

Pol lution Index: Apollutionindex to reflect the severity of streamdegradati on was devi sed
based upon the characteristics of a particular streamreach. This pol | ution i ndex was devel oped to
consider the acid load entering a stream the niles of streamaffected by the acid | oads and the
frequency of AMpollution. The pol | ution i ndexes are tabul ated on Table 3.

Stream Reach: The first step in calculating the pollution index was to delineate the Raccoon Q eek
study area into streamreaches defined by streamnonitoring stati ons (nunbers denoted by

prefix SR). The definition of a streamreach for the main stemof Raccoon Qeek and any of
itstributaries wth nore than one streamnonitoring station is a length of streamlying between two
consecutive streamnonitoring stations wth the poll ution i ndex assigned to the streamnonitoring
station farthest downstream Thus, every streamreach that coul d be defined by a downstream

noni toring station was given a pol | ution i ndex.

Acid Load: The anount of pollution entering a streamreach was defined by the total cal cul ated
average net acid load of all AMD sources which entered that stream reach.
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TABLE 3
POLLUTION INDEXES
Ratio of

Monitoring Average Net Acid Distance From Samples With  Pollution
Rank Station Load (1bs/day) SR-67 (miles) pH Less Than 6.0 Index

1 SR-21 14,570 12.6 13/13 183.6
2 SR-34 9,410 6.6 11/11 62.1
3 SR-12 3,590 13.8 13/13 49.5
4 SR-54 2,880 6.5 13/13 18.7
5 SR-8 4,220 15.1 3/13 14.7
6 SR-28 1,100 12.6 12/13 12.8
7 SR-16 2,400 13.2 5/13 12.2
8 SR-42 900 10.7 11/12 8.8
9 SR-13 500 14.6 13/13 7.3
10 SR-65 1,140 6.1 13/13 7.0
11 SR-27 490 12.8 13/13 6.3
12 SR-15 500 13.4 12/13 6.2
13 SR-26 450 13.5 11/13 5.1
14 SR-55 870 5.8 13/13 5.0
15 SR-45 600 9.8 11/13 5.0
16 SR-14 _ 370 13.6 11/12 4.6
17 SR-66 1,020 3.5 12/12 3.6
18 SR-33 340 10.5 9/13 2.5
19 SR-51 410 4.9 13/13 2.0
20 SR-57 455 4.8 11/12 2.0
21 SR- 36* 210 9,7 12/13 1.9
22 SR-20 590 8.6 4/12 1.7
23 SR-17 -+ 140 11.7 11/13 1.4
24 SR-19 120 9.8 13/13 1.2
25 SR-43 120 10.8 9/12 1.0
26 SR-58 200 4.5 9/13 0.6
27 SR-49 130 4.9 11/12 0.6
28 SR-41 70 11.3° 2/12 0.1
29 SR- 56 140 5.2 2/12 0.1
30 SR-47 20 9.5 8/13 0.1
31 SR-48 60 5.8 2/13 0.1
32 SR-30 70 11.3 0/13 0
33 SR-52 10 4.2 0/13 0

*Average net acid load for SR-36 was derived from SL 130-1, Preliminary Report
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Affected MIles: To assess the nmles of polluted streamresulting fromAM discharges is
virtually inpossible due to the difficulty in cal cul ati ng background fl ows and concentrations
fromnatural and undetected sources. To approximate this figure, the mles downstreamfrom
each nonitoring station to SR67 were neasured. SR 67 is the farthest downstream nonitoring
station of the Raccoon Qeek study area. The basis for this consideration is that the farther
upstreama discharge, the greater the potential downstreampol | ution. By incorporating the
mles of streeamfromSR 67 to the nonitoring station being assigned a pol |l ution index, the
pol lution index wll weighin favor of the uppernost reaches, thus producing a greater
benefit if the abatenent plans are inpl enented in order of decreasing pol | ution indices.

Frequency of Pollution: The final paraneter used in the eval uation of the pollution i ndex
formul a was the frequency of pollution. Many streans are only polluted at certain tines of the year
(usual |y periods of lowflow and therefore, those streans having nargi nal pollution shoul d rank
lower on the abatenent priority list than streans which are degraded by AMD al | year. The
frequency of pollution was arbitrarily defined as the ratio of sanples wth pHless than 6.0 to
the nunber of sanpl es anal yzed.

Cal cul at ed Average Net Di stance In Stream
Pol | uti on Acid Load* Directly Ml es From SR 67 To
| ndex EQUALS Entering A Stream Reach TI MES The Monitoring Station
From AMD Di schar ges Defining The Stream
Reach
Rati o of Sanples Wth
TI MES pH Less Than 6.0 Dl VI DED
To The Nunber O BY 1000
Sanpl es Anal yzed
Exanpl e: The streamreach of the unnaned tributary of Little Raccoon Run at SR 26 recei ves

450 | bs/day of net acidity fromAND di scharges. Mnitoring station SR26 is 13.5
mles upstreamof SR 67 and the pHval ue of sanples fromSR 26 was | ess than 6.0
for 11 out of 13 sanpl es. The pollution index is then:

450 x 13.5 x (11/13) = 5.1
1000

*To cal cul ate the average net acid load, multiply average fl ow by average net acidity
concentration presented on the water quality data sheets by t he appropri ate
conversion factor.
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Priority Ranking: Thirty-one streamreaches out of 71 streamreadi ngs had a positive pollution

i ndex. However, sone of these streamreaches were conbined i f the recormended abat enent coul d be
nore efficiently applied to nore than one streamreach. If the abatenent plans for two stream
reaches were conbined to yield a nore efficient plan, then the pollution indices were al so

conbi ned to obtain the new pol | ution index. The final pollution indices were then ranked in

descendi ng order, fromthe highest to the | owest, and given a priority nunber beginning wth I.

This ranking forns the recormended sequence for proceeding with a conprehensive solution to the MD
pol lution in the Raccoon Creek study area.

ABATEMENT METHODS AND EVALUATI ON

Abat ement Techni ques: ne or a conbi nation of the fol |l ow ng techni ques were consi dered
appl i cabl e for abatenent of AND pollution in the polluted streamreaches wthin the Raccoon
Qeek Wit ershed study area:

Surface Recl anation

Deep M ne Sealing

Daylighting Fly Ash

I nj ection Treat nent
Surface Reclanmation: SQurface reclanation is the general termdefined as any conbination of
regradi ng, channelization, backfilling of subsidence areas and nine openings, elimnating

ponding, mnimzing streeaminfiltration into deep nines, strip mne spoils and coal refuse
banks, and revegetation of the strip mne areas and coal refuse banks.

The purpose of surface reclanation is to reduce surface water infiltration feeding an AMD

di scharge and to augnent surface runoff by the restoration of natural drainage
characteristics. Since these inprovenments are dependent

upon precipitation, soil and rock perneability, slope characteristics, and vegetation, the
effects of surface reclamation were cal cul ated by incorporating the i nherent hydrol ogi c and

physi cal characteristics of Raccoon Geek. These factors were incorporated into two general
formul as, which were devel oped to predict the results of nost of the proposed surface recl anation
projects. One formul a was derived to predict the anount of reduced infiltration to a strip mne,
deep mine or refuse pile source, while the other enabl es a prediction of the average restored or
augnented runoff to a streamreach. The derivation of these two general formul as are discussed in
the Techni cal Appendi x. Limtations which nust be consi dered where surface reclamation is
recomrended in this report are as foll ows:

Additional cost required to reduce sedinentati on and erosi on fromt he vari ous
abat ement work areas.

Additional costs to rehabilitate existing streamchannel s or structures downstream of
the work areas.

Ability of the Cormonweal th to obtai n property easenents necessary to performthe
abat ement wor k.
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Deep Mne Sealing : Deep mne sealing discussed in this report considers the construction of
bul khead seal s and the installation of an inpervious barrier al ong the outcrop between the

seal s, capabl e of preventing excessive seepage al ong the outcrop, thus, inundating the abandoned
mne. Deep mine sealing is to inprove the water quality of mine di scharges at the updip side of
the mne through the reduction of oxygen necessary for pyritic oxidation.

However, there are several limtations which nust be consi dered where nmine seals are
recomrended in this report:

The available mne naps are often inaccurate, therefore, the actual |ocation of
mne workings nust be estinated. The design of a nmine sealing project requires the
acqui sition of an accurately surveyed m ne nmap and/ or test boring data.

Actual mine conditions are unknown in reference to water |evel s, open voi ds and
col | apsed ar eas.

Lhknown weak areas nay be present in the mne seal, grout curtain, or the existing coal
outcrop and thus cause | eakage.

The mne pool wll require lowering to permt construction of seals where the mine is
conpl etely flooded and is discharging by artesian fl ow

The effects of significantly raising the water table may provide problens to structure
owners, land owners and mneral owners, as well as water supplies or aquifers.

The hydrol ogi c characteristics of mine areas is conpl ex and varies fromnine to nmne,
therefore, estinated hydrol ogi c heads could be in error.

The predicted abatenent results of a mne seal are assuned in this report
to occur after the inflowand outfl owof a mne have reached equilibrium
A hydrostatic seal, therefore, shoul d reduce a downdi p nine di scharge tenporarily, but once
equilibriumis reached, the total outflowof the nmine should be equal to the total inflow

Wth this assunption, a mine seal wll not reduce the flow although eventually sone or all of the
outflownay occur in a different sub-watershed than the original deep mine di scharges. The basis of
all mne seal s recoomended throughout this report is toinprove the net al kalinity concentration of
the eventual outflow through i nundati on of the nine conpl ex.

For the purpose of determning the effect of nmine seal abatenent plans, it was assuned that the
net alkalinity of the outflowwoul d be i nproved on the average by 70%over the original average
concentration of the deep mine discharges. It has been reported in literature that the water in a
totally inundated mine is al kaline. However, in partially flooded nines, there is either acid water
or both acid and al kal i ne waters.
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Dayl i ghti ng: Daylighting as used in this report is generally defined as the
t echni que whereby stripping of the overburden is initiated to renove the renai ning coal reserves
i n abandoned deep mines. Daylighting is recormended wherever it is economical |y possible to
reduce AVD di scharges by eliminating or burying the nmajority of pyritic naterial associated wth
an abandoned deep mine. Daylighting essentially renoves an area that is contributing surface
infiltration to a deep mne. Mreover, daylighting wth proper surface reclanati on nay restore
unpol | uted runoff, especially if the surface over the deep mine i s a subsi dence prone area. S nce
one or both of these inprovenents usual ly result fromdaylighting, the fornulas noted in the
Techni cal Appendi x as devel oped for surface recl anation were used to predict the results of
daylighting. The limtations considered for surface reclamation generally apply to
areas which were considered for daylighting. The sale of the coal, mneral ownership, and | and
use Wil essentially determine the feasibility of a daylighting project.

Fly Ash Injection: Hy ashinjectioninto a deep mne is a proven techni que

for reducing the risk of mne subsidence. This nethod of fly ash injectioninto a deep mne, in order
to prevent extensive nine subsidence, is the sane nethod referred to in this report and reconmended
as a mne drai nage abatenent technique. Wile there has been no literature indicating the results
of utilizing fly ash for AMD abatenent, fly ash injection provides sone advant ages over seal ing and
thus shoul d be worthy of consideration. Sone of the advantages of fly ash injection over deep
m ne sealing are:

The reduced risk of hydrostatic pressure agai nst a bul khead seal .

Reduction in risk of subsi dence which eventual |y causes | oss of surface water into a
m ne conpl ex.

Fly ash is often highly al kaline.

The beneficial use of a solid waste materi al .
Limtations of the procedures as reconmended are:

Sltation to the streamfrommne drai nage di scharges carrying fly ash i n suspensi on.

Q ose spacing of injection holes over large areas wll require property easenents and coul d
result in sone property danage cl ai ns.

The effects of a fly ash injection abatenent plan were predicted to be the sane as those of a
properly installed mine seal, nanely, no flow reduction after inflowoutflow equilibriumis
achieved. A 70%inprovenent in the net alkalinity concentration of the effluent is reported in
the literature for deep mne sealing, and thus is estinated for fly ash injection.

Treatnment: Treatnent as used in this report considers the construction of

a specific type of plant along a streamreach and treatnent of all water which flows past that point
for the neutralization of acid nine drai nage. Any reconmended treatnent facility is assuned to
treat naxi numflowentering the plant and to di scharge an effluent neeting the nini num

Pennsyl vania G ean Sreans criteria for pH acidity and iron. The effect of treatnent upon a
downst reamnoni toring stati on assuned the average fl ow unchanged and the treated ef fl uent to have
anet alkalinity concentration of 50 ngy/| .
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The Iimtation that nust be considered where treatnent is recoomended inthis report
are:

The treatnent of AMD is considered to be a tenporary solution. Treatnent does not
correct the problemat the sources. Yearly expenditures of funds are required for
operati on and nai nt enance.

Eval uation: (he or nore, or a conbination of the five abatenent techni ques were applied to
each pol luted streamreach and eval uated. The eval uati on consisted of estinating the net flow
and net alkalinity concentration followng the abatenent plan and substituting the new fl ow and
concentration figures into the foll owi ng formul a:

Cs = (A(FiC) + FbCh) / (Fi + Fb)
Wher e:
G = Resultant concentration at the streamnonitoring station.
F = Predicted flowresulting fromthe abatenent plan.
G =Pedicted net alkalinity resulting fromthe abatenent plan.
Fo = Gal cul ated average base flow at the streamnonitoring station.

G = Gl cul ated average base net alkalinity at the nonitoring station.

Base fl owand concentrations of net alkalinity were cal culated fromthe avail abl e data obt ai ned
at the streamnonitoring station during the sanpling phase of the study. The results of the
fornul a represent the flowand concentrations of all water entering a streamupstreamof a
streamnoni toring station, including sone upstreamsources and tributaries which nay not have
been sanpl ed.

If aninitial abatenent plan cal culation predicted a net alkalinity concentration at the stream
nonitoring station (&) of less than 50 ng/|, then additional abatenent neasures were proposed
until the value of G was at |east 50 ng/l. The conbination of the abatenent plans which
yielded at least 50 ng/| for G then becane the reconmended abatenent plan for that particul ar
streamreach.

In sone cases an alternative conbi nation of individual abatenent plans would yield a greater
concentration of net alkalinity than the first conbi nation, but usually at a greater cost.
Wien this occurred, the two or nore conbi nati ons of abatenent plans were estinated to be
technically feasible to raise the net alkalinity to 50 ng/l, but the single plan which was
eventual 'y recomrmended was that plan wth the [owest ratio of cost to pounds per day of
reduced aci d | oad.

Qher abatenent considerations were included wth each priority plan where such work woul d
reduce the acid | oad froma docunented source wthin the particul ar streamreach even though such
work is not required or is insufficient by itself toraise the net alkalinity of the streamreach
to clean stream st andar ds.
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ESTI MATI NG THE CCSTS OF ABATEMENT METHODS

The fol lowng cost ranges used inthis report as listed bel owfor the various abat enent techni ques were
gathered fromsuppliers, contractors and state agencies during |late 1974 and early 1975.

Surface Reclamation: The follow ng range of costs were consi dered where surface
recl amati on was recommended.

dearing and Q ubbi ng: $50.00 - $ 300.00/ Acre
Channel s Wth Intermttent Fl ow

Earth Channel $3.00 - $5.00/Lin. Ft.
d ay Lined Channel s $5.00 - $10.00/Lin.Ft.
Bentoni te-d ay Li ned Channel s $20.00 - $30.00/Lin.Ft.
Bi t um nous Fl unes $15.00 - $20.00/Lin.Ft.
Concrete Fl unes $30.00 - $50.00/Lin.Ft.

Channel s Fl owi ng Ful |

Q out ed Stream Channel $50. 00 - $200.00/Lin. Ft.
Concrete Lined Channel $50. 00 - $200.00/Lin. Ft.

Conbi nati on d ay- PVC Rock Li ned Channel Detail ed I nvestigati on Required
D version Ditches $1. 00/ Lin. Ft.
Regr adi ng $ 1,000.00 - $5,000.00/Acre
Soi | Treatnent and Seeding $ 350. 00/ Acre
Structures (Headwalls) $2, 000. 00

Local i zed Subsi dence Depr essi ons $ 500.00 - $5, 000. 00/ Each

Pi pes or Qulverts $ 50.00/Lin. Ft.
Ri prap Sl ope Protection $ 30.00/Lin. Ft.

Deep M ne Sealing: The estinated cost of mne sealing was based on utilizing the foll ow ng
unit prices:

Mobi li zation of Drill Rigs $50.00/Ri g
Mobi | i zation of Grout Plant $10, 000
Drilling Relief Wells $10. 00/ Lin. Ft
Drilling Bul kheads and G outing $5.00/Lin. Ft
Casing Relief Wlls $3.00/Lin. Ft.
Materials: Concrete $50. 00/ cu. yd.
G avel $50. 00/t on
Cenent $1. 65/ cu. Ft.
Fly Ash $0. 20/ cu. Ft.
Punpi ng $3. 00/ cu. Ft.
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Daylighting: Daylighting costs were divided into two conponents, actual construction
costs for the renoval of overburden and sequential backfilling and the i ncone fromthe sal e of
recoverabl e coal. Orerburden handling is estimated at $0.60 to $0.80 per cu. yd.,
dependi ng on the depth of overburden and rock characteristics and includes
reclamation. Credit for the sale of recoverable coal is $18.00 per ton to of f set

over burden handling and recl amati on costs. If the overburden handling and regradi ng costs
were greater than an equival ent of $18.00 per ton of coal nined, the excess was the estinated
cost to the Commonweal th. It nay be of benefit for the Cormonweal th to consider this work
based on the possibility of recovering 3,000 tons of coal per acre (20%of 15,000 tons/acre

A ttsburgh Gal seamincl uding roof coals). Wth the current narket val ue of coal averaging
$25.00 per ton, the sale of recoverabl e coal could be used to offset the costs of the proposed
abat enent pl an.

Fly Ash Injection: The cost of fly ash injectionis based on current prices for drilling,

punpi ng, and transportation of fly ash. A deep mne was assuned to contai n 50%voi d space, which
i ncl udes sections of nai n haul age ways, butt entries, and roons which are uncol | apsed. In the
large void areas, the fly ash was estinated to be punped dry, whereas in subsided areas, the fly
ash was estinated to be punped underground in a slurry. The prices used for estinating

fly ash injection are:

Drilling $ 5.00/Lin. Ft.
Casi ng $ 3.00/Lin. Ft.
Injection of Dry Fly Ash $ 5.00/ Ton
Injection of Fly Ash Slurry $15. 00/ Ton

Treatment: Qost ranges for treatnent were determned from"Processes, Procedures and Methods to
Gontrol Pollution FomMning Activities," Lhited Sates Environnental Protecti on Agency, 1973.
Wsing this BPA data, which was obtai ned fromseveral existing line neutralization plants, graphs
of capital and operating costs versus plant capacity were plotted. Fromthese graphs esti nated
capital and operating costs were extrapolated for a line neutralization facility having the
capacity to effectively treat water of a given volune and acidity concentrati on.
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