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CONCLUSI ONS

A. BASI N DI VI SI ON

The Dents Run VWt ershed area has been divided into nine subregional "areas or
basi ns as descri bed before and shown on Plate 5. Conpiled data
enmphatically indicates the Porcupine Holl ow sub-basin as being the prinary
contributor to the pollution in Dents Run. The average daily acid |load from
Por cupi ne Hol |l ow, as neasured at Station 21, was 3,676 pounds, 94%of the total
average daily acid | oad of 3,898 pounds contributed to Dents Run by tributary
streans. The bal ance was contributed by Cole Draft and four snall tributaries to
Dents Run fromthe ridge separating Dark Hollow and Bel | Draft, and neasured at
Stations 19, 19A 26, 27 and 28. The remnai ni ng sub-basins were generally al kal i ne.
The seemng.i ncongruity that the average daily acid | oad of Porcupine

Hol | ow was 109% of the average daily acid | oad at the mouth of Dents
Run, and that-of Cole Draft and the |larger of the two small tributaries
i sted above was

6% of the average daily acid |load at the mouth of Dents Run or a total
average daily acid |l oad fromthese contributing sub-basins of 115% of
the average daily acid load in Dents Run neasured at the nmouth of Dents
Run at Station 1, is due to the neutralizing effect of the alkalinity of

ot her sub-basins and tributaries. Data Sheets in Appendi x E reveal

al kaline flows from Station 2, 3, 4, 5 6, and 7, tributaries entering Dents
Run downstreamfromCol e Draft and Porcupine Hollow. The flow in Dents
Run upstream from Porcupi ne Hol | ow neasured at Sanpling Station 18Ais

al kaline, as are other upstreamtributari es-such as Dark Hollow and Little

Dents Run. It is evident that neutralization is occurring accounting
for the difference between the daily acid | oad contributed to Dents

Run and that neasured at the mouth of =Dents Run.



W wi || express percentages of acid | oads as based on. the neasured acid | oad
froma given source conpared to the total average daily acid |oad
contributed to Dents Run by its tributaries of 3,898 pounds as neasured at
Stations 19, 19A, 21, 26, 27 and 28. This generates a nore realistic
eval uation than using the acid | oad as-neasured at the nouth of Dents Run after

neutralizing action of ot her contributing sub-basins has taken place.

B. POLLUTI ON SOURCES:

There are four naj or sources and approxi natel y twenty-one mnor sources contributing
to the pollution of Dents Run with all of the major sources located in

Por cupi ne Hol | ow sub-basin. Three of the four naj or sources, 103, 108 and 109,
are abandoned deep m nes, and one, 107, is an active strip mne |ocated on
private property. Sixteen of the twenty-one m nor sources, 101, 102,
104, 105, 106, 112, 113, 115, 116, 117, 118, 119, 120, 121, 122, and- 125 are al so

| ocated in Porcupi ne Hol | ow sub-basin. Three, 110, 111 and 114, are located in
Dents Run basin between the confluence of Dark Holloww th Dents Run and the

confl uence of Porcupine Hollowwth Dents Run and two, 123 and 124, are located in
Cole Draft sub-basin. & the mnor sources nine, 101, 102, 104, 105, 106, 110,
111, 112 and 113, are abandoned deep mines and of the renai ning twel ve, nine, 114,
115, 116, 117, 118, 119, 120, 121 and 122 are mine refuse piles, three, 123, 124 and
125, are abandoned strip mnes. Major pollution flows are shown on

Mate 7 and the |locations of pollution sources are shown on Pl ates 8 and 9.









/, “2
\
) \
=<

Chd
— . N\

!

i

!

. A}

//
W\\\
%
O /-
VNN3d *S31LNN0OD NOUINYD © XT3 \\\ ; 7
Z v, \
- 56 13
SISATYNY O3HS
S30YNOS3Y TVININNONIANI 40 \
VINWWUSNNS 40 HU o
4 9 AN .
N Z L) < sh!
4 wla v
\ ) N2
2 ~ \ l» /

/) l 4
74 7 y/ % pr

IR e ) — - 7
SuOATAuNS omq.n....ﬂ« %ﬂw_wuwnn ooooooooo g 2 /\(\K\ . \
N3UNX NVA* NOSINYS ‘318 YNOD ( //
AQ G3YvdINd SNVId o W % %.v
1161 ——— S (RO \ %/
mmmmmmm 0434 INN /\ o Lp
ZZZZZZZZZZZZZZZZ > W

‘oar 2 mopuim . ,

MO, F]
7

TN A
N .
SN

RN




VINVATASNNId "SSNVYT
SHOAIAYNS ANV SHIINIONI HNILTNSNOD
SILY3AD ® LND44NH

NI¥NY NVA'NOSHNYS 'T18YNOD

A8 Q3Y¥Vd3aud SNYd
1261

€ -3¥N9I4
‘WNN3d 'SIIINNOD NOU3INYD % X113

Jd3HSH31VM NNY S1IN3d

19118 SISATYNY Q3HSHIALYM
S3OUNOS3Y TVLINIANOHIANT 40 1d3d

V‘\,/ NOILYLIdIDAHd IDVHIAY TAOEV IHY SYINV Miva
- NOILYLidID23¥d Q3q40O3Y
NOILYLIdID3dd IADVHIAY

VINVATASNNGd 40 HLITVAMNOWNOD AN3I 93T
ADYINNOD 40 'Lld3d SN WONH4 Vviva
1 1 -l | ol ! ol ] ] i | o ol | <l L ol o o 1 ] L | | L | 1 L l }
7“__|m mm_;gu_l_m_mm‘_;ém_m mmﬁ;_m_m._mm Au__m_.mm_;‘_mgm dS ;;a_gm_mnék uﬁnﬁmn_;_m_ngmm_;ﬁm_m_mmﬁ;_u_m_mm_;_
TZ61 OL8T [11]] EEL]] 1981 9981 1] (2 1] (X 1]] 2981 1961
0 0 S N A T S O O N | § I T Y Y O O O O O | W N T O A | | I S Y | |1 O Y O | 1 »,r i 1 U O Y O | il i afa i 1 1 i1 11 111 S T T T I I O Y | T T O O O B | Lottt 14 11 0
| \ A _
v b
0 P
m m
3 N 3
R b
- 2 -
- ¢ w.
& > =
e} i o
z n/ 2 \ A L ¢ %
(AN ] \ /< \.’<
[ . P J -~ \\ .~ \
f\ ./ Y \\ s 4 J—— J. ‘/ \\
v \ v e
vt
~ N ~
z Vv f vy Z
0 )
X e o
m m
17] (7]
S t <]
9 ~ 9
L




C. SURFACE DRAI NAGE:

During the nonths of June, July and August of 1971 and for the first half
of the nmonth of Septenber, 1971, precipitation in

the basin was bel ow average as indicated in Figure 3, and streamf| ows
were, therefore, below normal. Normal surface drainage in the area
has been disrupted by strip mning, particularly in the Porcupi ne Hol |l ow
and Gle Draft area and to a certain extent in the main Dents Run basin

between Dark Hol l ow and Bell Draft.

No surface water was observed entering deep mne shafts, only being
di scharged there from Al deep mnes which are discharging a
heavily pollutant effluent are located in immediate proximty to strip
mnes. It is our conclusion that the major portion of the flows
emtting fromthese deep mines is water entering the

deep mnes as a result of strip mning activity where the strip m ne

areas have not been properly recontoured.

Deep mine refuse piles affect the pollution contribution to the
streams during rainfall periods. Renoval of these refuse piles
woul d reduce pollution during rainfall and, by using the piles as
borrow material for filling, strip mne areas can acconplish a second

pur pose.

Surface drai nage was significant during periods of rapid surface runoff due to
sudden rainstornms. Such runoff did not have a diluting effect on the
acidity of Dents Run as neasured in My/L. This val ue renai ned constant for all

practical purposes indicating

that runoff fromstrip mne areas was highly acid in content



for reasons stated previously in the geological report. Also, in
some of the strip mne areas surface water ponds, eventually

percolating into the soil and becom ng sub-surface water

In our opinion, slugging was not a significant factor in stream
pollution. The acidity of the stream as expressed in ng/l
remai ned essentially constant regardl ess of stream flow Acid
| oad expressed in pounds per day did vary directly with stream

flow but in direct proportion to the nmeasured fl ow.

D. SUB- SURFACE DRAI NAGE:

The geol ogic structure controls sub-surface drainage as previously

descri bed. A conparison of the strip mne map (Plate 9) with the
contour map of the Aarion Goal (Type A (P ate 11-A) shows

clearly that the vast mpjority of the strip m ne workings are of
this coal seam This is the major coal seam shown on the
Generalized Stratigraphic Section, Page 1-8, and the Geol ogi ¢ O o0ss-
Section (Figure 2) and separates the Pottsville Formation fromthe

Al | egheny Formation. Deep m ne openings clearly indicate that deep
m ne activity was conducted in this |ayer also. Sub-surface waters
followi ng this coal seamcollect at Porcupine Holl ow either as a result
of the geologic structure or due to being discharged fromthe

openi ngs fromthe abandoned deep mnes. If the discharges from deep
m nes 101 and 102, 103, 108 and 109 coul d be conpletely elimnm nated,
approximtely 40% of the average daily acid |l oad in Porcupine

Hol | ow, including Porcupine Run, as

measured at Stations 23 and 24 woul d be renoved, or nearly 51% of
t he average daily acid | oad as neasured at the nouth of Dents Run.
However, attenpting to establish permanent seals of these



deep m ne openi ngs woul d not appear to be an effective solution. M ne
opening el evations as determned in the field were 1,418 for openings
101 and 102, 1,473 for 103, 1,402 for 108 and 1,512 for 109. Ground el evati ons,
again determned in the field, for the highest point where saturated
ground and possi bl e ponding could occur for these deep mnes were 1,672
for 101 and 102 and 103, 1,634 for 108 and 1,624 for 109. Therefore

t he potential heads for these mne openings were 254 feet for 101 and 102, 199
feet for 103, 232 feet for 108 and 112 feet for 109. Since sub-surface
water is obviously follow ng the down-dip of the coal seam sealing of the

m ne openi ngs woul d cause a buil d-up of head behind the seal s. Wt hout
construction of very extensive water-tight barriers, the inposed heads
woul d eventual | y cause ground waters to erupt el sewhere, possibly in a nore
undesirable form Extensive drilling, information would be required to
design the necessary barriers and the costs of drilling and barri er
construction woul d be out of proportion with any predictabl e pernmanent
results. Elimnation or reduction of sub-surface flows by other mneans,
nanel y recontouring and revegetation of strip mned areas to a nore natural

state would seemto present the optinmum solution for abatenent.

POLLUTI ON VS. FLOW

Normally it would be expected that an increase in streamfl ow due
to runoff of surface waters would result in a decrease in acidity due
to the diluting effect of the surface waters. Such was not the
case. There did appear to be a tendency towards |lower acidity

val ues in the case of deep mne discharges with increased fl ows but

t he neasured acidity in Porcupi ne Holl ow,



in particular, remained constant regardl ess of the anount of flow

and, in sonme instances, even increased. The conclusion we draw from
this is that the runoff of surface waters from active strip mnes and
fromunreclaimed or partially reclainmed strip m ne workings coupl ed

with runoff frommne refuse piles contributes sufficient acidity to
nullify any diluting effects. Since acidity in ng/l remained constant
regardl ess of flow, the acid load in pounds per day varied directly with

stream fl ow

F. CONTRI BUTI ONS FROM POLLUTI ON SOURCES:

Of the identifiable pollution sources where it was possible to

obtai n nmeasurenents of flow and acid | oad, four sources, 103, 107, 108 and

109, were classified as major sources as previously defined and the

conmbi ned di scharges of Sources 101 and 102 al so

constituted a maj or source. These sources contribute 2,135 pounds
per day or 54.8% of the total average daily acid |oad of 3,898 pounds
contributed to Dents Run by tributary streams. The remai nder of the
pol lution enters Dents Run as sub-surface drainage or surface runoff
in such a manner as to preclude pin-pointing the origination and
measuring the quantity. Based on the various val ues obtained by

nmeasur enent during dry weather periods, heavy rainfall periods and
generally normal periods which provide the maxi mum m ni rum and
average daily acid | oads respectively, other measurable mnor sources,
nanely 110, 111, 112, and 113, account for 1.4% of the total average daily
acid |load contribution. We estinate that 38%is fromsurface runoff over
strip mned area and the 5.8% bal ance of the total average daily acid

| oad contribution is from sub-surface drai nage due to the geol ogic

structure



as discussed previously. However, during heavy rainstorms and the
sudden runoff resulting there from the contributions vary

consi derably. During these periods, Sources 101 and 102, 103, 107,
108 and 109 contribute 29.2%of the maxi rumdaily acid | oad, Sources 110
111, 112, and 113 provide 1.1% sub-surface drai nage decreases slightly to an

estimated 5% and we estimate that surface drai nage accounts for the

bal ance of 64.5%

G DI VERSI ON OF SURFACE RUNOFF

Since the najor cause of pollution in Dents Run is the discharge fromthe

af orement i oned deep m ne openi ngs, two obvi ous solutions i mredi ately present
t hensel ves. The first would be a conplete dessation of the di scharges
fromthese m ne openi ngs whi ch coul d be acconplished only by pernanent seal s
of the mnes and, as has been discussed previously in this report, appears
to be inpractical if not inpossible. The second is a nmmjor reduction of
t he anmbunt of surface water which enters the deep mnes and i s subsequently
di scharged. It would appear that this could be acconplished by
recontouring and revegetation so as to obtain either a faster runoff of
surface waters or a greater utilization of surface waters that are
absorbed into the soil through the requirenents for water of
vegetation. Recontouring would include construction of diversion
ditches in some areas to facilitate runoff and surface drainage and to
elimnate or relieve ponding or accurul ati on of surface waters which
occurs now duetot he existing terrain. Recontouring, including

di version ditches, would have a two-fold effect. The increased rate
of surface runoff will reduce the discharge from m ne openings

t hereby reducing the



acid load in Porcupine Holl ow and thence Dents Run. Secondly,
a dilution during periods of heavy runoff will occur as aresult of
the greater runoff of better quality water achieved fromregradi ng and
revegetation. By directing a greater portion of rainfall into
streans prior to absorption into the ground, subsequent discharge
fromthe deep m ne openings will be reduced. The evidence indicates
that during periods of rainfall, although the total flowin the stream
i ncreases, the increase in discharges fromdeep m ne openings i s not
proportional and yet the acid | oad increases and the acidity of the
stream as expressed in mlligranms per liter of parts per mllion
remai ns constant. As has been nentioned previously, we attribute
this to runoff during these periods frommne refuse piles and from
unreclaimed strip mne workings. We believe that the elimnation of
the refuse piles and recontouring and revegetation of the strip mne
workings will materially reduce the acid |oad in pounds per, day in

Dents Run during rainfall periods.

TREATMENT OF DI SCHARGES:

Treat ment of the di scharges from abandoned deep nm ne openi ngs was

consi dered, but the high iron content of these discharges renders
treatment inpractical, if not inpossible, and certainly uneconom cal .

We al so considered storing of discharges fromthe deep nmines in a

| arge retention pond or basin wth subsequent di scharge into the stream
taking place during rainfall periods in order to take advantage of the
diluting effects of surface runoff at these times. However, this also
presents a serious inpracticality in the operation of such a systemin

that the



rel ease of the i nmpounded waters would seemto have to be controlled
manual ly. Also, until such tine as the surface runoff into the
streans can be inproved as to water quality, we would create a severe
slugging situation during rainfall periods' while having a relatively unpol | uted

streamduring dry weat her fl ows.



RECOMVENDATI ONS

A. POLLUTI ON SOURCES:
1. Major Sources:

a. The four mpjor sources of pollution are the discharges from
Deep M ne penings 103, 108 and 109 and the flow i nto Porcupi ne
Hol | ow of inpounded water at Strip Mne Area 107. In addition,
t he conmbi ned di scharges from Deep Mne @enings 101 and 102
constitute a nmajor source. Maxi numflows fromthese sources range
from 22,000 gal | ons per day to 82,000 gallons per day and a
t ot al
of 261,000 gal lons per day and occurred on the sanme date
as the maxi mum recorded flow in Dents Run. The flow from
these sources on this day was only 1.4%of the total flow in
Dents Run, yet the acid load contributed on that day from
t hese sources was 51.9% of the total. Average daily flow
fromthese sources is 2.4%
of the total average daily flow in Dents Run and average
daily acid |load fromthese sources is 63% of the total

average daily acid load in Dents Run.

b. Elevation differences between the nmouths of the m ne
openi ngs involved and the high point of the imediate
terrain ranges from112 feet to 254 feet and woul d i ndi cat e
that, wi thout extensive drilling information, sealing of
these mnes to prevent the discharge would not be
advi sabl e. Therefore, we reconmmend i nproving

surface drainage in unreclainmed strip mne areas and



randomy reclained strip mne areas and restoration of
surface drainage in the deep mne areas through

total reclamation of strip mned areas. Recontouring and
revegetation of all strip mne workings affecting surface
drai nage in the areas of the mmjor sources should be
undertaken in order to reduce or elimnate percol ation of
surface waters into the deep mnes with the subsequent

di scharge of heavy pollutants.

c. Major Source 107 is the flow of water inpounded outside
the barrier and spoil pile of an active or recently
active strip mne. Recontouring and revegetation is
recommended here in order to restore normal surface drainage

patterns, i.e., total reclamation

d. A tabulation of these sources is presented in Appendi X

C

e. Upon conpletion of mne refuse dunp renoval and strip
mne reclamation, a nonitoring programshoul d be
established to determ ne the effectiveness of the

abat ement program for the Dents Run Watershed.

2. M nor Sources:

A further reduction of acid waters in Dents Run and its
tributaries can be achieved by elimnation or
reducti on of the ninor sources. Sources 104, 105,

106, 110, ill, 112 and 113 are deep m ne di scharges



of varying quantity and severity. At 104, 105 and 106,
flows are nerely seepages downs |ope fromthe mne openings
and not neasurable for quantity. Sources 110 through 113
are deep m ne di scharges averaging from 3,000 gal | ons per
day to 12,000 gall ons per day and

the maximumdaily acid |l oad contribution fromthese
sources is less than 2% of the total acid |oad. Recon-
touring and revegetation, as recomrended for the strip mne
wor ki ngs for the major sources, is expected to achieve simlar
results for Sources 104, 105 and 106.

Recontouring and revegetation of other strip mne workings as
descri bed in Paragraph (d) belowis expected to achieve simlar

results for Sources 110 through 113.

b. Sources 114 through 122 are mne refuse piles for which we
reconmend renoval and disposal. A tabulation of these
sources appears in Appendix C along with the specific
reconmendati on for renmoval and di sposal of each and an

i ndi vidual cost estimte therefore.

c. Sources 123 through 125 are strip m nes, either active,
unrecl ai med or randomy recl ai ned. Recontouring and
revegetation to as close to the natural state as

possi ble is recormmended, or total reclanmation.



R- 4

d. In addition, we recomrend that all strip mne workings within

the watershed area, with the exception of that

east of Little Bear Run as shown on Plate 9, be

recontoured and revegetated, or totally reclai med.

e. Upon conpletion of mne refuse dunp renoval and strip
m ne reclamati on, a nmonitoring program should be
established to determ ne the effectiveness of the

abat enent program for the Dents Run WAt ershed.

3. Surface Drainage

a. Recontouring and revegetation to the natural state wll
restore natural drainage patterns and elimnate acid

runoff fromstrip m ne worKkings.

B. | MPLEMENTATI ONS:

The majority of strip mne workings to be recontoured and
revegetated that affect Mjor Sources 101 and 102, 103, 107,

108 and 109 are located on privately owned | ands as are the
deep m nes from which drainage is affected by these strip m ne
wor ki ngs. Therefore, necessary rights of entry or suitable means

of access nust be obtai ned before work can commence.

C. SUB- SURFACE DRAI NAGE:

As stated previously, we estimate that |ess than 10% of the
pollution in Dents Run results from sub-surface drainage due to the
geol ogic structure in the Porcupine Hollow sub-basin. Because of

the geologic structure, it. will be inpossible to



conpletely elimnate acid contributions fromthis drainage..
However, since the sub-surface drainage results from absorption of
surf ace waters, the amount of this drai nage can be reduced by
effecting a nore rapid runoff of surface waters and elimnating
pondi ng, therefore resulting in |less waters percol ating through
the soil and follow ng the inpervious coal |ayer along

the syncline to its collection point in Porcupine Hol | ow.

ANTI CI PATED RESULTS:

VW estimate that total reclamation of strip mne workings will result
in a reduction of pollution fromnajor sources of approxinately 60%
with the sane being true of Mnor Sources 110, 111, 112 and 113. For
m nor sources not specifically identified, we estimte a 20%
reduction in pollution. For Mnor Sources 114 through 122, the mne
refuse dunps, we estinmate an average 807 reduction fromrenoval of the
dunps and reclamation of strip mne areas. Further, we estimate
that total reclamation by recontouring, revegetation and surface
wat er diversion of strip mne areas will achieve a reduction of 80%
of pollution contributions frompresently unreclained areas and a
reduction of 40%of pollution contribution fromthose areas which

presently are random recl ai ned.



E. CORRELATI ON W TH BENNETT BRANCH:

We woul d further reconmend that an investigation into the effect of
Dents Run on the pollution of Bennett Branch be nmade to determ ne what
percentage of the average daily acid |load in Bennett Branch is
contributed by Dents Run. Such an investigation would involve

establishing a correlation of flow and

pollution in both streans over a given period. Such data

shoul d be accumul ated prior to enbarking on a

programinvol ving a maj or expenditure to effect an abatenent of
pollution in Dents Run to ascertain the economc feasibility of the
program If the Dents Run contribution to Bennett Branch is relatively
mnor and abatenent of pollution in Dents Run woul d not significantly
reduce the pollution in Bennett Branch, the funds required for

i npl ementation of the Dents Run program mght well be better utilized

el sewher e.



COST ANALYSI S

Total strip mne reclanmation is the recomrendati on of this report. However,
it is also recomended that the renoval of mne refuse dunps be
correlated with strip mne reclanmation by using mne refuse naterial as fill
in recontouring of strip mne workings. Therefore, the cost estimte is

presented in two phases, Phase A for mne refuse renoval and Phase B

for strip mne reclamation beyond the utilization of mne refuse.
PHASE A B
COST $171, 700 $2, 794, 000

% Tot al abat ement of

Acid Load in Watershed 3.72% 145 | bs/day 61.81% 2409 | bs/ day

Sunmari es of Phase A and Phase B costs are presented on follow ng
pages. The esti mated percent of pollution contribution for each
source includes the neasured value plus the estimated contri bution
fromadjacent strip mne workings which we have recomrended be totally
reclaimed as the method for achieving abatenent from all sources.
This, in turn, has established the priority index for the various
sources and produces a rel ationshi p between abat enment costs and

estimat ed percent of abatenment expected.
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