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PROJECT SUMMARY

For over a century the Slippery Rock Creek headwaters has been heavily impacted by
abandoned coal mining activities. The US EPA Section 319 NPS program has enabled
participants in the Siippery Rock Watershed Coalition to develop public-private partnership
efforts to provide long-term, low-maintenance treatment of degraded discharges and to
monitor the recovery of the streams. By combining this effort with Pennsylvania's Growing
Greener and Reclaim PA, over 500,000,000 gallons annually are being successfuily treated
with documented improvement in 11 stream miles (PADEP, Knox DMOQO, SRC Watershed
Progress Report: 2001). Stream monitoring has been conducted by students and facuity of
Slippery Rock University and Grove City College. Including the passive system being built
through this grant, seven Anoxic Limestone Drains, fourteen Vertical Flow Ponds, eleven
Setiling Ponds, twelve Wetlands, and three Horizontal Flow Limestone Beds have been or are
in the process of being constructed in the headwaters. This grant, in addition to the stream
monitoring program, enables the construction of a passive system to treat the discharge
known as SR89. Until the installation of an innovative Vertical Flow Pond in 1997 at the
Jennings Environmental Education Center (also completed through EPA 319 funding), SR89
was considered essentially untreatable by passive methods due to the severely degraded
water quality (3.1 pH, 260 mg/l acidity, 60 mg/l iron, 9 mg/l aluminum). Nonetheless,
eliminating the degradation at SR89 is imperative to the restoration of the main branch of
Slippery Rock Creek as this discharge contributes the fourth highest acid (136 |bs/day) and
iron (32.4 Ibs/day) loadings. To the tributary known as the Hilliards branch, SR89 contributes
79%, 93%, and 63% of the acid, iron, and aluminum load, respectively. Due to difficult site
conditions, including the lack of change in elevation, confined water-bearing zones and
fluctuating water table, the presence of severely degraded wetlands (“kill zone™) and a spoil
mound, coupled with the proximity of two lakes, a utility line, and a railroad grade (until recently
owned by others), additional partners were needed in order to utilize the latest technology with
the greatest opportunity for success. With assistance from the PADEP, Knox District Mining
Office and Bureau of Abandoned Mine Reclamation, PA Fish and Boat Commission, and
Seneca Landfill, Inc., an innovative (possibly the only one of this design) Vertical Flow Pond
is being constructed. Seneca Landfill provided drilling services for the installation of 13
piezometers and is excavating about 40,000 CY (rough estimate) of spoil, iron sludge, and
other material in order to construct the Vertical Flow Pond (2100 tons of AASHTO #1, 90%
CCE, limestone aggregate), 1,500 CY Flush Pond, and 1 1/4-acre Wetland. in-place clay
material below the extensively mined Brookville coalbed will form the gently sloping (~2%)
bottom of the Vertical Flow Pond. A two-tier underdrain system for flow distribution and
flushing purposes will be installed in this facility. In the area of the current "kill zone", a
treatment wetland will be constructed. Permits/approvals have been received and system
designs have been reviewed by the PADEP Knox DMO. Construction materials are onsite or
stored at Stream Restoration Inc. installation of the system is expected to be completed within
the next few months with the wetlands planted during the summer. Based on the results of
other systems installed in the headwaters, this facility is expected to be 100% effective in
removing the acidity and aluminum and 60 to 100% effective in removing the iron.
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Slippery Rock Creek Headwaters Project 12/2001
Butler County, PA 103001

View “Kill Zone” located below SR89 Discharge. Note the devastating impacts the
iron- and aluminum-bearing acidic drainage has had on surrounding vegetation.

9/25/200110:53

(I-r) Dale Hockenberry, PA Game Comm., Margaret Dunn, SRI, Dean Baker, PA
DEP, BAMR, Roger Bowman, PA DEP, Knox DMO, and a PA DEP BAMR
operator inspect the wetland construction area to evaluate utilizing spent
treatment media from the Ferris Complex Treatment System as wetland substrate

at the SR89 site.
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Piezometers and monitoring wells were installed in order to evaluate the
hydrogeology of the site due the difficult construction conditions. (10/00)
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A coordinated effort was needed to receive and stockpile all the materials needed
to construct the passive treatment system.
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Soil profile at Observation Point P1 during the Environmental Assessment.
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Excessive metal precipitation from discharge SR89.



SLIPPERY ROCK CREEK TARGET AREA

Brookville Pit (2002)

DeSale Phase Il (2001)

DeSale Phase | (2000)

Chernicky (1998)

Land Reclamation: 20 Acres
Coal Ash Used: 200,000 Tons
Coal Refuse Incorporated: 94,000 T

clamation: 56 Acre
Utilization
d Open Pits Reclaimed

Ton VFP Lan

Erico Bridge
(2002)

12,000 T Anoxic

Limestone Drain

Acid Removed:
19,800 Ibs/mo
Fe Removal:
8,000 lbs/mo

s

De Sale Phase Il
(2002)

Vertical Flow Pond
Acid Removed:
700 Ibs/imo
Fe Removal:

260 lbs/mo

Headwaters Area
[__] Butler County
[ Beaver County
[ Lawrence County
[ Mercer County
[ Venango County

7 Miles

Fe Removed: 25 Ibs/mo

Fe Removed: 78 Ibs/mo

Fe Removed: 1,188 Ibs/mo
Al Removed: 190 Ibs/imo

SR81(2002) SR96 (2002) SR89 (2002) SR101A (1998)
1,300 Ton ALD 700 Ton ALD 2,100 Ton VFP
Acid Removed: 173 Ibs/mo Acid Removed: 292 Ibs/mo Acid Removed: 7,127 Ibsimo 1,644 Ibs/mo
0 Ibsimo

® COMPLETED PROJECT
@ PROJECT UNDER CONSTRUCTION
[] Headwaters Study Area

/\/ Stream

2000 0

2000 4000 Feet

- Slippery Rock Creek Watershed




Slippery Rock Creek Headwalters Project 1212001
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SR89 SITE EVALUATION

Extensive mining on the Brookville coalbed (Clarion Fm.; Allegheny Gp.) by both
surface and underground methods has been conducted at the site of the SR89
discharge. The commercial underground mining was completed in the early 1900s.

A coal preparation plant (Amos Tipple) was also operated at this site. In the early
1980s under SMP#10820201, coal refuse was backfilled into an abandoned open cut.
(See Reference List.) The SR89 discharge is thought to be linked to coal refuse
placement at this site.

In addition to SR89, there is a flowing abandoned oil and gas weli, known as Big
Bertha, which discharges highly degraded water. Since 1970, restoration efforts have
been conducted to abate this discharge. Including casing the Big Bertha Well to 72 feet
to exclude the degradation from the upper water-bearing zones and building an Anoxic
Limestone Drain, placed online in 1996, to treat the remaining flow from the well.
Further extensive studies have also been conducted. (See Reference List.)

In addition to backfilling the open Brookville cut and revegetating the site, ACV Power in
the mid-1990s inventoried the buried coal refuse in an attempt to utilize the materiai as
fuel for the circulating, fluidized bed Scrubgrass Generating Plant in Kennerdell, PA.
Use of the coal refuse was not feasible and degraded drainage associated with this
material {SR89) continued to pollute the streams.

Working with the PADEP Knox DMO in a public-private partnership effort, FY98 EPA
319 funding was requested for stream monitoring by Slippery Rock University and
Grove City College and for implementation of a passive system to treat SR89. A
conceptually sound plan was developed based on the Knox DMO SR89 monitoring
data.

As this site had a limited construction area and as further inspection indicated that the
elevation of the discharge varied seasonally, additional site data was required. PADEP
Bureau of Abandoned Mine Reclamation joined the partnership effort by providing a
topographic survey from aerial photography. Working with the PA Fish and Boat
Commission and the Knox DMO, Seneca Landfill, Inc. joined the effort by providing
drilling services for the installation of 13 piezometers and the more extensive
earthmoving required to build the proposed passive system.

Piezometer Data Evaluation

Thirteen piezometers and two open bores were used to aid in the evaluation of the
subsurface flow regime. (See attached logs.) Of the thirteen piezometers, four (30-
01B, -02A, -03A, -09) were completed to clay material below the Brookville coalbed
horizon and eight (30-01A, -02, -03, -05, -06, -07, -08, -11) were completed in a
sandstone or correlative unit below the clay material.




Slippery Rock Creek Headwaters Project

1220601

Butler County, PA 103001
Water-Bearing Zones: Range in Characteristics

Upper: above clay material underlying or near Brogkvilie coalbed horizon
Piezo. | SWE pH (lab) | alkalinity | acidily Fe (diss.) Al (diss.) sulfates
# (ft.) (mgfi) {mgft) {mafl) (mg/l) (ma/l)
30-01B | 12356-1241.0 | 29-3.3 0} 250-530 5-42 8§ -46 | 600 - 1000
30-02A | 1234.0-1239.1 | 3.1-3.2 0 190 - 360 18 - 55 24 - 36 | 400 - 900
30-03A | 1231.8-1236.6 |3.5-4.2 0 40-140 3-10 6 - 14 | 400 - 500
30-09 1227.6-1228.2 | 3.2-4.0 0| 160-200 9-45 B -32 | 500 - 600

Lower: in sandstone or correlative horizon below Brookville coalbed horizon
Piezo. | SWE pH {lab) | alkalinity | acidily Fe {diss.) | Al (diss.) sulfates
# (ft.) {mag/l) {mg/l) (mgfl) {mgf) {mg/l)
30-01A | 1230.7-1233.3 | 3.4-4.8 0-3 50 - 150 15 - 34 {-2 |700-800
30-02 1230.6-1231.0 {34-356 0| 140-190 9-12 8-12 | 500-700
30-03 1231.8-12366 |3.1-34 0 140 - 250 5-55 11 - 24 | 400 - 600
30-05 12298 -12301 | 54-58 20-26 0 <1-2 ~1 1400
30-06 | 1230.6-1233.2 |[55-6.0 5-16 20-90 8-26 ~1 | 500 - 600
30-07 | 1229.2-1231.7 |[3.7-40 0] 290-380 | 100-149 10-16 | 900 - 1200
30-08 | 1229.9-12322 [4.0-4.4 0| 110-130 | 39-212 3-4 | 500-600
30-11 | 1228.4-12297 [36-39 0| 100-160 | 10-80 '5-13 | 500

Static Water Levels

The static water level in the upper zones had a seasonal fluctuation of about 5 feet in all
piezometers, except for 30-09 with <1 foot of fluctuation due to the location near a seep
(discharge zone) below spoil. During the “dry” and “wet” seasons, the potentiometric
surface varied 8 feet to 13 feet, respectively, across the site. The lowest observed
elevation is below the coal crop and spoil mound (30-09) with the highest near the
backfilled and upland areas (30-01B) on the western portion of the project site. The upper
zones are unconfined.

The lower zones demonstrated less seasonal fluctuation from 1 to 3 feet, except for 30-
03A which varied about 5 feet. Comparison of the static water levels of the lower and
upper zones indicates that the lower zones are confined, at least seasonally and locally,
with the potentiometric surface extending above the base of the confining bed. Borehole
30-10 was drilled just downgradient of 30-11 and was a flowing well. The upwelling around
a utility pole further indicates this confined condition. The drainage ditch along the railroad
grade that borders the construction area may receive drainage from the lower zone as
base flow in addition to drainage from the upper zone.




Slippery Rock Creek Headwaters Project 12/2001
Butler County, PA 103001

The water quality of the upper zones was variable locally and seasonally. The combined
range being from 2.9 to 4.2 pH, no alkalinity, 40 to 530 mg/l acidity, 3 to 55 mg/l dissolved
iron, 6 to 46 mg/| dissoived aluminum, and 400 to 1000 mg/i sulfates. The water quality of
the lower zones was extremely variable within the project area, ranging from 3.1 to 6.2 pH,
0 to 26 mg/| alkalinity, O to 380 mg/l acidity, <1 to 212 mg/l dissolved iron, <1 to 24 mg/i
dissolved aluminum, and 400 to 1200 mg/l sulfates. The water quality of the lower zones
was of substantially better quality in the northeasterly portion of the project area with the
southwesterly portion of the project area exhibiting severely degraded water, The severe
degradation is thought to be due to the weathering of buried coal refuse.

The decision was made to remove the spoil mound and construct the Vertical Flow Pond
on the clay material that is present below the Brookville coalbed. Subsuiface flow above
this clay material will be encountered by the Vertical Flow Pond with the breastwork pooling
the water within the limestone aggregate. The elevation of the outlet pipes will control the
ponded water elevation.

As the railroad ditch appears to encounter some drainage from the lower zone, this water
will not be encountered by the Vertical Flow Pond. (VFP bottom ~1229'; railroad ditch
~1225" This flow will be directed, as feasible, into the constructed wetland. Flow from the
permanent diversion ditch and upgradient of the construction area will be piped to the
westerly side of the railroad grade.

In summary, the upper water-bearing zones will be encountered and treated by the Vertical
Flow Pond. The effluent from the Vertical Flow Pond is expected to be net alkaline with no
dissolved aluminum. The excess alkalinity is also expected to be sufficient to neutralize
the acidity generated by the formation of iron solids. Seepage from the lower water-
bearing zones will mix with the Vertical Flow Pond effluent in the constructed wetlands and
is expected to substantially improve the combined drainage from the site.
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-01 QOperation Name: SR89
T 'RFACE ELEVATION 1245.6 Method of Drilling: Air-Rotary
‘OM OF COAL ELEVATIONS: 1234.6 Date Drilled: 10/25/00
Drilted By: McKay&Gould Drilling Co., Darlinglon, PA
1235.3 (16/25/00)  1235.8 (01/11/01) Logged By: McKay&Gould Drilling Ca., Darlington, PA
Groundwater Elevations 1235.2 (10/30/00)  1236.3 (02/05/01) Township: Washington Twp.
and Date Measured 1235.3 {(11/06/00)  1240.9 (04/24/01) County: Butfer
1235.3 (11/20/00) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratery:
Survey Method: EDM topographic survey UTM's Zone: 17 Northing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE -
. : Lithologic
Depth Tn}:gz' Scale Grﬁ?gic Description and Comments
Water Conditions
[ _ _ A=—0X spoil; nd-bn & md-gy, dry
- - X=~—-0X )
_ _ K~—0X sh, ¢s, coal chips
- - X=~--0X
-z PR SWL (04724101}
5 5 Pout Pout phut Pont Pt i et
s —T coal With Dinders, dry
-z @7 142 coal (2)
T 10 T [ s | @9 472 c5i gy, parling (112}
' - - SWL (10/30/00)
2112 _ _ ¢s; [b-to md-gy, dry
13.5 - @13 172 damp
512 R _ sh & cs; md-gy
T 15 @15 add rod; <V gpm
- C i @18 ¢s; 0O (1)
19 | ] e
3 _ _ | S==z==== ]sh; md-1o dk-gy, dry
" 20" | < 4 w = = |@19sh;carb (172)
- - Somowno @24 172 sh; carh
25 _ 25 _ —======
-
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-01A Operation Name: SR89
"MEACE ELEVATION 1245.8 Method of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: 1234.6 Date Drilled: 10/25/00
Drilled By: McKay&Gould Brilling Co., Darlington, PA
1231.1 (10/30/00)  1231.0 (02/05/01) Logged By: McKay&Gould Drilling Co., Darlingion, PA
Grbundwater Elevations 1230.9 (11/06/00)  1233.3 (04/24/01) Township: Washington Twp.
and Date Measured 1230.7 {11/20/00) County: Butler
1230.7 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survay Methed: EDM topographic survey UTM's Zone: Northing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE
. : Lithologic
Depth Eizg}; Scale Grlii)h:c Description and Comments
g Water Conditions
5 - - X=--0X Spail, dry pi ;
lezometer
. . X~-—-oX -
- X~--0X  |SH.CS, coal chips
Screen: 20 -slot; Length 5'; end cap 0.8’
- - X-0X
: S s Riser: 2" Sch. 40 PVC
— iser: ch.
8 -~ |CHCCCCEORTCTELLE | coat win bingers, dry
- - Sand: 430 size; 25 1/2' to 19"
- @71/2 coal {2
-7 _ Bentonite: 19' to surface
0 | e @91/2 cs; 77-gg, parting {1/2)
— Stick-Up: 4'
212 _ _ e~ cs; Ib-to md-gy
T Well Diameter: 4 3/4"
13172 I [ @ 13112 damp
5112 . |~ ——— SH & CS; md-gy
_ _ ==~~~ =~ 1@ t5addrod; < 12 gpm
- | @18CS; 0D (1)
19 _W0_ |~
4 - _ | ======= |5H: m to dk-gy, dry
[ [ @195H; card (172)
25 _ _ =—====== | @ 241/2 SH; carb
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-01B Operation Name: SR389
TACE ELEVATION 1245.5 Method of Drilling: Air-Rotary
_ . +OMOF COAL ELEVATIONS: 1234.5 Date Drilled: 10/25/00
Diilled By: McKay&Gould Drilling Co., Dariington, PA
1235.7 (10/25/00)  1236.1 (01/11/01}) Logged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1235.7 (10/30/00)  1236.7 (02/05/01) Township: Washington Twp.
and Date Measured 1235.6 (11/06/00)  1241.0 (04/24/01) County: Buller
1235.7 {11/20/00) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zene: Northing Easting
Remarks: all dimensions in fest LATITUDE LONGITUDE
. . Litholagic
Depth T,{ng Scale Gfgh'c Description and Comments
g Water Conditions
5 _ _ X~-0X Spoil; md-bn & md-gy, dry .
) Piezometer
_ _ X=--0X SH, CS, coal chips
- - X=--0X
Screen: 20 -slot; Length &' ; end cap 0.6
- - KX
° - - XX Riser: 2" Sch. 40 PVC
— iser: ch.
6 - = J{(COCCHACCLLOET ] coat witn bingers. ary
- o | [t .
Sand: 430 size; 10 1/2' to 4 1/2'
- - @712 coal (2}
-7 Bentonite: 4 1/2' to surface
T L B ] €)91/2 CS pasting (112}
‘ - -
Stick-Up: 4.4
- I cs; Ib-gy, dry
-7 Well Diameter: 4 3/4"
_w_
.30
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-02 Operation Name: SR89
""ACE ELEVATION 1252.4 Method of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: . 1234.9 Date Drilled: 10/25/00
Drilled 8y: McKay&Gould Drilling Co., Darlington, PA
1231.0 (10/30/00)  1231.0 {02/05/01) Logged By: McKay&Gouid Drilling Co., Dardington, PA
Groundwater Elevations 1230.8 (11/06/00)  1233.4 {04/24/01) Township: Washington Twp.
and Date Measured 1230.6 (11/20/C0) County; Butler
1230.7 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laberatory:
Survey Methed: EDM topographic survey UTM's Zane: 17 WNorthing Easting
Remarks: all dimensicns in feet LATITUDE LONGITUDE
, . Lithologic
Depth T;gg: Scale Gr&‘; hic Description and Comments
9 Water Conditions
17 12 - X~—0X A an | .
T | X-ToX |dayeyios.ay Piezometer
S I Screen: 20 -slot; Length 2';
- - % Riser: 2" Sch. 40 PVC
o Sand: 430 size; 35 1/2' to 32'
- - 3% Bentonite: 32' to surface
- - | — .-~ |@52slsh;b-tomd-gy (2 312) Stick-Up: 1.4
- Well Diameter; 4 3/4"
- TN |asesibm@
Tl ~~~~~'@10ma|bony,cs(71f2)
- - | |8l damp
" 5"
17172 - T
212 - | =~ = =~ =~ = [c5; gy [Dotlom], dry
- mamiswm (0412401}
20 20 A~~~
Sl - - T2 55 1o-gy, fn-gn
- SWL (11/20/00)
- - @23 10 24 water - 3gpm
s
2512 :
10 _ - . sish; md-to dk-gy
_ - — muddy ta dry
Tl —
L | —
35 12 — a
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7.1(B}) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: J0-02A Operation Name: SR8%
~MEACE ELEVATION 1252.5 Method of Brilling: Air-Rotary
OM OF COAL ELEVATIONS: 1234.0 Date Drilled; 10/25/00
Drilled By: McKay&Gould Drilling Co., Darlington, PA
1234.1 (10/30/00)  1235.4 (02/05/01) Logged By: McKay&Gould Diilling Co., Darlington, PA
Groundwater Elevations 1234.0 (11/06/00)  1238.7 {(04/24/01) Township: Washington Twp.
and Date Measured 1234.0 {11/20/00) County: Butler
1234.4 {01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easling
Remarks: alt dimensions in feet LATITUDE LONGITUDE
Thick Graohi Lithologic \
Depth neigs‘ Scale ﬁ?g '® | Description and Commenls
Water Conditions
18172 ))é::g§ spoi, lan la org m
LAY Screen: 20 -slot; Length 1.9';

BBt @6 coal (172) Riser: 2" Sch. 40 PVC
STSH & CS;: brn & md-gy Sand: 430 Size; 19' to 16"
Bentonite: 16' to surface
II [P Stick-Up: 3.7

-~

“I”lﬂ[ @4 1/2 binders & coal (3) Well Diameter: 4 3/4”

;

18 112 SWL {11720/00)
N [
20
0
40
50

Il;lIlllllII|R!IIIIIII|lt!llllll]IIIllllIl[t5i81i11||lllllllil
Il’lIlllIIIllﬁllllllll|ltllll1ll|lIIIlllIl’-tIIlIIill'lllllllll
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-03 Operation Name: SRag
T eEACE ELEVATION 1239.1 Method of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: 1228.6 Date Drilled: 10/25/00
Drilted By: McKay&Gould Drilling Co., Barfington, PA
1230.1 (10/25/00)  1230.4 {01/111/01) Logged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1230.4 (10/30/00}  1230.8 (02/05/01} Township: Washington Two.
and Date Measured 1230.3 (11/06/00)  1235.2 (04/24/01) County: Butler
1230.1 (11/20/00) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting
Remarks: ali dimensions in {eet LATITUDE LONGITUDE
. . Lithologic
Depth an:;g:' Scale Gﬁfh'c Description and Comments
9 Water Conditions
7 - - e mame |35 bright org., V. wix, damp .
Piezometer
_ | e L@t2c5:card (112)
-7 Screen: 20 -slot; Length 2.1';
_ | e | SWL(04/24/01)
- R PO ~ =~ ~ ~ |some ss; bright org. fn-gn, dampy
Riser: 2" Sch. 40 PVC
7 - - e —— v
Sand: 430 size; 14" to 11"
2 _ - 55; bright org., v, wx
9 _ SWL (13/20/00) .
Bentonite: 15' to 14'; 11’ to surface
12 _ 0 _ coal , v, wx, clayey, damp
. Stick-Up: 2.7
10 172 - -
312 i ss & cs; bright org

@ 11 1/2 water

@ 12 s5; org., nd-gn(2), water

<s; bright orq., waler

Well Diameter: 4 3/4"
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

20 _

Haole No.: 30-03A Operation Name: SR3%8
TNEACE ELEVATION _ 1230.6 Method of Drilling: Air-Rotary
i OM OF COAL ELEVATIONS: 12291 Date Dirilled:; 10/25/00
Orilled By: McKay&Gould Drilling Co., Darlington, PA
1232.4 (10/30/00)  1233.5 (02/05/01) Logged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1232.0 (11/06/00)  1236.6 (04/24/01) Township: Washington Twp.
and Date Measured 1231.8 (11/20/00) County: Butler
1232.7 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easling
Remarks: all dimensions in feet LATITUDE LONGITUDE
. . Lithologic
Depth an;'gz Scale Gﬁ)pmc Description and Comments
9 Water Conditions
7 _ - e rerere e | €85 bright org, v. wx, damp .
Piezometer
R @ 172 cs; carb (112)
R Screen: 20 -slot; Length 2';
_ _ | e SWL (04/24/01)
A Riser: 2" Sch. 40 PVC
- - ~ w= o~ |some ss; bright org.
7 _ _ fn-gn, damp .
- Sand: 430 size; 101/2' to 7'
2 _ - ss; bright org., v. wx
9 - SWL (11720/00) )
Bentonite: 7 to surface
1102 i0 coal; v. wx, clayey, damp

Stick-Up: 2.2

Well Diameter: 4 3/4"
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-04 Operation Name: SR89
' ""ACE ELEVATION Method of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: Date Drilled: 10/25/00
Orilled By: McKay&Gould Diilling-Co., Darington, PA
Logged By: MeKay&Gould Drilling Co., Darfington, PA
Groundwater Elevations Township: Washingten Twp.
and Date Measured County: Butler
Quadrangle:
Surveyed by: Earthtech, Inc. Laboratery:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting_
Remarks: all dimensions in fest LATITUDE LONGITUCE
. ; Lithologic
Depth -ﬁggz Scale Gﬁ{;h'c Description and Comments
9 Water Conditions
1 1 -~ | | regotin: na-en
34 - - Xeea0X spail; md-gy & ord.
_ _ ] ==mm———— @ 1sh & ¢s; md-gy, vwx (6)
- I B sl. damp
_ I @7 sh; 0D {1) sl. damp
- - ~l @8 ss; ory, v, wx
L U B wilh es; nd-gy damp
_ _ -l @13 cs; md-gy some 55 {5 1/2)
- _ | XOOCX | @18 142 "red deg” (5 172}
_ 20 FKIOCKKX | with some coal, s, sh
-~ _ ] XAXKXXXX
R P4, 6.6.4.0.¢ 4
_ _ @25 poor returm
_ 0
5 - _ (hote collapsing)
_ - -, =~ ,=,= |STS mdgy
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-05 Operation Name: SR89
“UOFACE ELEVATION 1232.3 Methed of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Drifled By: McKay&Goutid Drilting Co., Darlingion, PA
1230.1 (10/30/00)  1230.1 {02/05/01) togged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1229.9 (11/06/00)  1233.2 {04/25/01) Township: Washington Twp.
and Date Measured 1229.8 (11/20/00} County: Butler
1229.8 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Mathod: EDM topographic survey UTM's Zone: Northing Easling
Remarks: all dimensions in feet LATITUDE LONGITUDE
. . Lithologic
- Graphic L
Depth -I;:Egz Scale Lé) Description and Comments
9 Water Conditions
1172 - - X=-0X  |spoil md-bn, with .
Piezometer
1172 - - X~-0X carb SH (rogs, damp
9 - - o e st | £ V0P, Y. WX
Screen: 20 -slot; Length 2 1/2';
- _ | =~ 1 @3 03, gry & org molties
T Riser: 2" Sch. 40 PVC
- | ~em———— {wel, damp, and dry zones}
T Sand: 430 size; 15" to 11 1/2'
o | e [ SWL (04/24101)
~ | [RHECCOELICICEr | @8 coat chips
Bentonite: 11 1/2' to surface
~ 10| (ICRLeeeete
_ | e W (11720000 )
Stick-Up: 1.7
3 _ _ | =.~.~.~ |MsasH;megya 0P
~ A - @12 172 org stks .
Well Diameter: 4 3/4"
13472 - -] ——_—— @13 142 water - 3 gpm
t12 _ _ | ammnninin | ssidkegy, bnegn
-~ | mmmmmmnin [med hard, water
15 _ | e
L
_
l. - -
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-06 Operaltion Name: 3R89
TSACE ELEVATION 1240.3 Mathod of Drilling: Alr-Rotary
IM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Drilled By: McKay&Gould Drilling Co., Darlington, PA
1230.8 (10/30/00)  1230.9 (02/05/01) Logged By: McKay&Gould Drifling Co., Darington, PA
Groundwater Elevations 1230.6 (11/06/00)  1233.2 (04/24/01) Township: Washington Twp.
and Date Measured 1230.6 {11/20/01) County: Butler
1230.6 {01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE
. . Lithologic
Depth 1;\22: Scale Gfgh'c Description and Comments
9 Water Conditions
2 - - X~—0X |spoil; SH; md-gy; ]
Piezometer
2 - _ X~=0X vony; ss frags, dry
3 t - _ |~ . ~.~ . ~|ms&stsh; bix, dry
Screen: 20 -slot; Length 1.8";
3 _ [ sls ; tan, org, and
_ _ e md- to db-gy .
. Riser: 2" Sch. 40 PVC
4172 - _ | mm——— ¢s; Ib-lo med bm, dry .
Sand: 430 size; 23' to 18
- R SWL (04/24/01)
- o B Benfonite: 25'to 23" 18' to surface
] e SWL {14/20/00) )
= . Stick-Up: 4.3’
4 _ _ w o« = = u ]sh;md{odk-gy, bk, mild
_ _ SZRSRSS | carh zones, dry B
Well Diameter; 4 3/4"
14172 A [,
212 _ _ Soommmxs | sish; carb, dry
17 e e~~~ @18 ms; carh (1)
2 ~ - -, =, =, = [Slsad-todk-gy, dry
19 ot aLa, .-
§ - il ssimd- to dk-gy fin-gn
_ - @21 12 -5gpm
25 - -
o0
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole Mo.: 30-07 Operation Name: SR39
T TTACE ELEVATION 1229.9 Method of Drilling: Air-Rotary
OM OF COAL ELEVATIONS; Date Drilled: 10/30/00
Drilled By: MeKay&Gould Drilling Co., Darlinglon, PA
1229.6 (10/30/00)  1229.6 (02/05/01) l.ogged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1229.5 (11/06/00)  1231.7 (04/24/01) Township; Washington Twp.
and Date Measured 1229.3 (11/20/00) County: Butler
1229.2 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Methed: EDM topographic survey UTM's Zone: Northing Easting
Remarks: all dimensions In feet LATITUDE LONGITUDE
. . Lithologic
Depth 1:2(;'; Scale Grfg)h '® | Description and Comments
g Water Conditions
tie ~ < M | sbs: ax-bn, coal chips, damp o t
lezometer
112 N VT —
1172 _ - 2t | ss; gy & bright org, clayey
s Screen: 20 -slot; Length 2 1/2°
4 _ I cs; abund. lbgy & .
Riser: 2" Sch. 40 PVC
— |~~~ org mottles, damp
T Sand: 430 size; 15" to 10 1/2'
7 - -~~~ @7 water <% gpm
4112 _ _ |amiiiiiis | seorg. and esg lo-gy, wet .
w0 Bentonite: 10 1/2' to surface
- JE b Stick-Up: 1.8'
112 - L e
3172 oo [mmmmiiioi ssimeege, md-gy and pink , .
Well Diameter: 4 3/
- - ¢ sl hard, wat
- - | @13 172 water - 5 gpm
15 -
- 20 _
.30 _
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7.1(B) GEOLOGIC LOG DRiLL HOLES/OVERBURDEN ANALYSIS DATA

8

Hole No.: 30-08 Operation Name: SR8S%
™ CACE ELEVATION 1232.0 Methed of Drilling: Air-Rotary
OM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Drilled By: McKay&Geuld Drilling Co., Dartington, PA
1230.2 (10/30/00)  1230.2 (02/05/01) Logged By: McKay&Gould Drilling Co., Darlington, PA
Groundwater Elevations 1230.1 (11/066/00)  1232.2 (04/24/01) Township: Washington Twp.
and Date Measured 1229.9 {11/20/00) County: Butler
1230.0 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE
. . Lithelogic
- Graphic g
Depth 1:222 Scale Lé) Descripticn and Comments
g Water Conditions
Z12 SWL (09724701 -
- - ? / bs; o{rg & frn; s)ome Tb-gy Piezometer
- - / / & black. clayey. damp Screen: 20 -slot; Length 2 1/2'
212 - - 7] SWE (11220000 -
312 - I cs: Ib-(gy&ofg )moules. damp Riser: 2" Sch. 40 PVC
- o | LoLul |@sseeved® Sand: 430 size; 15' to 11 1/2"
—— 5 _— oo @5 cs; md-gy ta bn (172) Bentonite: 11 1/2' tO Surface
. _ _ @5 112 sh; md-gy ta bik, cab StiCk-Up: 2.3|
® - - i |35 1b-to me-gy. damp Well Diameter: 4 3/4"
- 9112 ¢s; Ib-gy (2)
_ 10
-z @12 172 wet
-z @13 112 s5: mod hard
- _ waler - 5 gpm
- _ @14 142 s5; btk
15 _ 15 _
Z 20
-
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Page 1 of 1

7.1(B}) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-09 Operation Name: SR&9
_eUmEACE ELEVATION 1231.7 Method of Drilling: Alr-Rotary
OM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Orilled By: McKay&Gould Drilling Co., Darlington, PA
1227.7 (10/30/00)  1227.5 (02/05/01) L.ogged By: McKay&Gould Drilling Ce., Darlington, PA
Groundwater Elevations 1227.6 (11/06/00)  1228.2 (04/24/01) Township; Washington Twp.
and Date Measured 1227.6 {11/20/00) County: Butler
1227.5 (01/11/01) Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE
, . Lithologic
Depth Tnigg: Scale Gfggtc Description and Comments
Water Conditions
e .A.. - ..Lt./\.. - . f@p?llsli‘:!:ar;ndp-gy&fnﬁ) Mm
T <> | @2csilb-tomdgy, bm Screen: 20 -slot; Length 2 1/2'

coal chips, damp Riser: 2" Sch. 40 PVC

LI T T R B S I |
LI T O T N I I

15w 0arz4r0t) Sand: 430 size; 7 1/2' to 4'
- R N R SWL (01/11/01) HY=%
- fron {crusty); gkt & ared | Bentonite: 4' to surface

twigs & leaves, wet Sthk-Up 2.3

@7 water - $gpm Well Diameter: 4 3/4"

-
[
o
I
Poooed
00000
5GSBS
1 DOGEA
IRESS]

es; md-gy

10

15

20

25

LI T O T T O L T S TN Y T Y Y T S S S S NS T S S N A TN S N O I |
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole MNo.: 30-10 Operation Name: SR89
L EACE ELEVATION Method of Orilling: Air-Rotary
OM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Drilled By: McKay&Gould Drilling Co., Darlington, PA
togged By: McKay&Gould Drilling Co., Darington, PA
Groundwater Elevations Township: Washington Twp.
and Date Measured County: Butler
Quadrangle:
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Morthing Easting
Remarks: all dimensions in feet LATITUDE LONGITUDE
. . Lithologic
- Graphi e
Depth ?;gz Scale raphic Description and Comments
Water Conditions
212 - _ €s; org & cool; wx damp
2442 R
12112 _ — 58, md-org, md-gn . wet
- -
- - @7 1/2 nolgy, dayey (3)
_1e
_ _ 10 172 water - 7 gpm
- @12 172 551 v Iy chips, rounded
15 T 15
_ N 10420100 - flowing well
_ 20
_n
-
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7.1(B) GEOLOGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-11 Operation Name: SRa&g
F,HINEACE ELEVATION 1229.2 Method of Crilling: Air-Rotary
! OM OF COAL ELEVATIONS: Date Drilled: 10/30/00
Drilled By: McKay&Gould Drilling Co., Darlington, PA
1228.7 (10/30/00)  1228.5 (02/05/01) Logged By: McKay&Gould Brilling Co., Darlington, PA
Groundwater Elevations 1228.7 {11/06/00)  1229.7 (04/24/01) Township: Washington Twp.
and Date Measured 1228.8 {11/20/00) County: Butler
1228.4 (01/11/01) Quadrangle;
Surveyed by: Earthtech, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easling
Remarks: all dimensions in feat LATITUDE LONGITUDE
, . Lithologic
Depth 1:22'; Scale Grfg;'c Description and Comments
Water Conditions
| Pl - IRRIRCRL ervase;an s oame Plezometer
) ' R NP PN Screen: 20 -slot; Length 2 1/2';

3 s 0@ 7Ib-gy, ndgn. damp | pisar: 2" Sch. 40 PVC

Sand: 430 size; 4' to 1/2'
5 Bentonite: 1/2' to surface
Stick-Up:; 1’

Well Diameter: 4 3/4"

| I T S A}
1

10

25

L T T T L T T T T T T T T T T T T T T T T T T T T O O S S T (S Y S S S S S I
T T T T O L L O S T T T T S T T N N SO S S S SR SR A
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7.1(B) GEOLGGIC LOG DRILL HOLES/OVERBURDEN ANALYSIS DATA

Hole No.: 30-12 Operalion Name: SR89
“ACE ELEVATION 1220.5 Methed of Drilling: Air-Rolary
OM OF COAL ELEVATIONS: Date Dritled: 10/30/00
Drilled By: McKay&Gould Drilling Co., Darlinglon, PA
1215.1 (10/30/00)  1217.9 {04/24/01) Logged By: McKay&Gould Orilling Co., Darlington, PA
Groundwater Elevations 1217.7 (11/06/00) Township: Washington Twp.
and Date Measured 1217.7 {01/11/01) County: Butler
1217.8 (02/05/01) Quadrangle;
Surveyed by: Earthtach, Inc. Laboratory:
Survey Method: EDM topographic survey UTM's Zone: Northing Easting
Remarks: ali dimensions in feet LATITUDE LONGITUDE
, . Lithologic
Depth 1:22: Scale Gfghlc Description and Comments
9 Water Conditions
3 - - g::gg spod; sh; dx-gy & dk-bn dry jw
- - =0, . . v, '
A I Screen: 20 -slot; Length 5°; end cap 0.5
s - | X Riser: 2" Sch. 40 PVC
s - o | ZZIZII | cme stsn: brgntred {hole squeezing unable to place gravel pack)
_ _ | ~——- vy, muddy
_ 85
- - Stick-Up: 2'
N R Well Diameter: 4 3/4"
. AR
7 Xre--OX, spoil, leave, twigs, bron
X~-—-0X
X~—-0X
10 X~—0X
KoK @10 112 waler 4-5 gpm
X~—--0X
X~-0X
X~--0X
X~-0X
X~--0X
X~--0X
K~=rOX
K==—0X
15 15 X~—0X

20

25
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SR89 Discharge December 2001
Passive Trealment System BDesign Plan

DESIGN NARRATIVE

Purpose & Location
The proposed passive system will abate severely degraded drainage which has been
- monitored at point SR89. The discharge is located on State Game Lands No. 95,
Washington Township, Butler County, PA. The geographical location of the project is
approximately 41° 51' 50" north latitude by 79° 50" 52" west longitude.

This project is part of a comprehensive reclamation effort by numerous participants of the
Slippery Rock Watershed Coalition.

Representative Water Chemistry
Water quality information has been interpreted from information for point SR89 in the
CMRS report. In order to maximize potential treatment effectiveness, the highest observed
values for flow, acidity, Fe, Al, and Mn and the lowest observed pH were used to calculate
the size/volume of the passive system components. For the purposes of this project, the
representative discharge water quality can be described as follows:

Flow pH Acidity Iron Manganese | Aluminum
gpm mg/L mg/L mg/L mg/L
66 2.8 368 94 6 12

From the CMRS, the average parameter values are as follows:

Flow pH Acidity Iron Manganese | Aluminum
gpm mg/L. mg/L mg/L mg/L
47 3.1 257 59 5 9

The pollutant loading based on the above average values can be summarized as follows:

Loading
Pollutant
|bs./day Ibs./month tons/year
Acidity 145 4,415 27
Iron 33 1,014 6
Manganese 3 86 8
Aluminum 5 155 1

Design Specifications

Collection of Discharge
Drilling during piezometer installation indicated a clay material that is persistent throughout

the construction area for the proposed vertical flow pond. A ground water monitoring
program conducted 10/00 - 4/01 indicated water-bearing zones above and below the
approximate horizon of the Brookville Seatearth.
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The upper zone is generally associated with the Brookville coalbed with the lowest water
levels controlled by the top of the clay material and elevated water levels associated with
higher flow conditions encountered during the early spring. Water associated with this zone
will be treated by the Vertical Flow Pond and other components of the passive system.

Due to the overlying clay material, the lower zone is probably under confined conditions in
the vicinity of the construction area. Piezometers completed within this zone documented
water levels that, during high-flow conditions, rise above the clay material, creating flowing
artesian conditions around a utility pole and at borehole 30-10. Special care will be taken

during construction in order to maintain the hydrologic integrity of the confining bed within

the construction area.

In order to provide sufficient hydraulic gradient needed to allow the water to flow through th
treatment media, the proposed outlet of the Vertical Flow Pond is designed to be generally
below the water level associated with the upper water-bearing zone.

The basin for the Vertical Flow Pond will be formed by excavating to the claystone and
subsequently intercepting the upper water-bearing zone. Sufficient open-water area wili be
included upslope of the treatment media to allow settling of solids. This area will act like a

forebay.

Vertical Flow Pond{VFP)
Based on the above maximum parameter values, the amount of limestone required to treat
the acidic, aluminum-bearing discharge is 2100 tons. AASHTO #1 90% CCE limestone is

being used.

Each VFP cell will consist of a layered “Treatment Media” with extensive outlet plumbing.
The treatment media for the VFP cells will be limestone only without compost. The amount
of limestone to be used has been calculated using information from Hedin et al, 1994, using
the representative water chemistry listed above.

Based on work completed by the Jennings Water Quality improvement Coalition, the
percent of iron and aluminum retained in a limestone-only vertical flow system was
calculated. (Reference: Dunn, Margaret H., “The Interactive” July 1997, technical
newsletter.) The average/median amounts of iron and aluminum retained in the pilot-scale
tank at Jennings are 16% to 9% and 55% to 63%, respectively. For the purposes of this
design, conservative percentages were used. It is assumed that 15% of the total iron and
75% of the total aluminum will be retained within the VFP limestone aggregate.

In order to remove the accumulated precipitates within the VFP, an extensive piping systen
will be installed. This will consist of 4" perforated SCH 40 PVC laterals placed on 4.5'
centers with 2" perforations every 4.5' at approximately 30 degrees from top dead center
on both sides.

The perforated pipe will be installed in two-layers with four separate cells on the upper laye
and two cells on the lower layer. Each cell be further divided into two header sections
which will be joined by a 6" tee located to enable so that an approximately equivalent total
length of laterals will feed into each side of the tee. Each 6" tee will drain via a 6" pipe to a
6" slide-type gate valve. Prior to reaching the valve, an additional tee will be installed with :
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4" pipe as the outlet riser.

This configuration will achieve two things. First: Under normal flow conditions the numerous
perforations on the 4.5' grid will minimize flow velocity and encourage even flow distribution
throughout the limestone to maximize efficiency. Second: The multiple cells per layer will
allow for more effective flushing of the system. By opening only one cell at a time the flow
velocity will be maximized during flushing to remove retained precipitates. The two-tier
design wili help to minimize the vertical distance the precipitates travel through the
limestone; thus, decreasing the tendency for the development of preferential flow paths.

Each of the cells will discharge through an individual adjustable outlet riser. These outlet
structures will initially be adjusted to assure even distribution of flow throughout the VFP.
These structures will also allow monitoring of specific areas within the limestone layer. The
monitoring data for each cell can then be used to make adjustments to the system to
maximize treatment effectiveness.

Flushing events will be conducted on a periodic basis and/or as-needed. The valves will be
opened one at a time with the discharge draining to the flush pond. The flush will be
visually monitored and the valve will be closed after the discharge has become clear.
Based on the field experience of Tiff Hilton, Mining Engineer, WOPEC, Lewisberg, WV, the
flushing time will be approximately 15 minutes for each celi.

¢ Wetland(WL)

Aerobi

An aerobic wetland will be constructed to facilitate the oxidation, hydrolysis, and
precipitation of metals, The sizing criteria for iron removal from alkaline mine drainage in an
aerobic wetland is between 10-20 g per square meter per day(Hedin et al, 1994). Using the
more conservative 10 g per square meter per day, the surface area of the wetland using
only iron loading would be 36,433 SF. Using both iron and aluminum loadings at the design
flow the total required surface area would be 41,000 SF. The current design of the aerobic
wetland has at total of about 44,000 SF.

Sludge accumulation estimates are usually about 1 inch per year. Sufficient freeboard is
incorporated into the wetland designs to facilitate the accumulation of approximately 25
years of sludge.

The wetland area will be vegetated with wetland plant species. This area will have ~0.5" of
spent mushroom compost and <0.1" of water. The wetland will discharge via a rip-rap
spillway.

Diverted Drainage

Untreated drainage from the easterly ditch along the abandoned railroad grade may be
conveyed into the wetland to provide treatment. A cross-pipe may be installed to convey
drainage above the construction area from the railroad ditch and the permanent diversion
ditch to the westerly side of the abandoned railroad grade.
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All dimensions are in feet unless otherwise noted.

Al pipe is SCH 40 solid core with pressure rated fittings unless otherwise noted.
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All E&S controls shall be installed prior to affecting the contributory drainage area.
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Call for all utilities: PA One Call 1-800-242-1776 Serial #1071633

Contour Interval: 2'

HIGGINS
FERRIS CORNER
[~ SLIPDERY
O
STATE E LANDS NO. 95
HILLIARDS
BRANGH

LOCATION MAP
=M L V20

WHISKERVILLE

SGL
#95

22|

—

North TITTThhRRnk

x\\\\ 5

R

Stream Restoration Through Coal Mine Drainage Abatement

Slippery Rock Creek Headwaters Project

SHEET 1 OF 3 (PLAN VIEW)
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ARPX. LIMJT OF LIMESTONE | |
PEACEMENT AREA INITIAL WATER ELEV. TO BE EQUAL B S
// A TO TOP OF SUBSTRATE D
2 2 <—B— 1 MINIMUM DEPTH (A
_‘1 1’7 1|7 % (for Rip Rap Iining)( )
. N.T.S.
_,"q_, 3.5 FREEBOARD RIP-RAPPED CHANNELS
%5' CHANNEL TYPE W |B*[ DI Z LINING
Z SPILLWAY 14.0*| 10 | 1.0*| 2 R-4
0.5'+ WETLAND SUBSTRATE MATERIAL \ P *TO BE ADJUSTED AS NEEDED TO MEET ELEVATIONS AS NOTED ON THE PLAN
* " **MAY BE ADJUSTED DUE TO FIELD OR OTHER CONDITIONS
N.T.S. NTS.
C
v_ RIP-RAP DATA CHART
—D
NCSA | AVG. STONE| MIN. DEPTH
FLOW No. SIZE (d50) A
A_>| v —> n n
—F SPILLWAY TO EXTEND TO BASE OF R-2 11/2 3
/ EARTHEN PLUG A \ BERM AS SHOWN ON PLAN (IF REQ'D) R-3 3 6"
R-4 6" 12"
B R-5 9" 18"
N.T.S. R-6 12" 24"
SPILLWAY TYPICAL DIMENSIONS R-7 18" 36"
A | EARTHEN PLUG LENGTH (4' ) R-8 24" 48"
B | OVER EXCAVATION (EQUAL TO RIP-RAP MINIMUM DEPTH AS PER DATA CHART)
C | DEPTH OF SPILLWAY (TOP OF BERM ELEVATION TO SPILLWAY ELEVATION)
D | TOP OF BERM ELEVATION AS PER PLAN
E | SPILLWAY ELEVATION AS PER PLAN (TOP OF RIP RAP)
LAl -
<~ ! ! - ————
____________________ \ ! P
~~~~~~~ P4 ri
_________ GEOTEXTILE \
~~~~~~~ N S—— = TERIAL (APPX. 2112
~~~~~~~~~~~~ TER\AL - PE DEF\NED BY TOP OF \N_PLACE CLAY e
~~~~~~~~~~ - TOP OF \@A@LMA" - S0
_______________ - NOTE:
e Lower tier laterals to be installed at slope equivalent to in-place clay material.
__________ Bedding stone to be installed by excavating into the clay material appx. 0.25'.
~~~~~~~ A | 1'MIN. (FROM INVERT OF UPPER TIER TO TOP OF LOWER TIER) N.T.S.
~~~~~~~~~~ B | 1.5'(FROM TOP OF LIMESTONE TO INVERT OF UPPER TIER)
C | 10"MIN. (FROM UPSLOPE EDGE OF LIMESTONE TO END OF UPPER TIER LATERAL)
D | 1.0'(DESIGN WATER DEPTH)
E | 1.0'(MINIMUM LIMESTONE THICKNESS)
F | 0.25'(BEDDING STONE THICKNESS - 0.25' AASHTO #57)
N
&
VERTICAL FLOW POND SECTION
SCALE: 1"=20' 3" 90° ELBOW
I LOWER TIER SECTOR I UPPERTIERSECTOR ~ (X)  VALVE
—1233.0
12297 3" PIPE
UNDER DRAIN LAYOUT DETAIL ——21 | 4'X3 FERNCOREDUCER
————— L~ 12275 2 A ) —12325
DRAW DOWN DEVICE . 1’7 T A '
TO DRAIN TO WETLAND ° 4" PERFORATED
| SCH40PVCRISER 18
VALVE PROTECTION o | (2 1" HOLES EVERY &'
STRUCTURE ° 20" (min.)
4" VALVE .
°|—1225 0
—
UNDER DRAIN PIPE DATA TABLE il
1223 - —1220+ '
. . 4" SOLID SCH 40 PVC BARREL f
4" Perf Upper Tier 4" Perf Lower Tier
(Starting from North) (Starting from North) 4" 90° ELBOW
Lateral # Sector Length (ft) Lateral # Sector Length (ft) N.TS. SCALE: 1"=1'
1 1 341 1 1 10.5 " :
2 1 487 2 1 10.5
2 (N 2 N 4" DRAW DOWN DEVICE DETAIL OUTLET RISER DETAIL
4 1 46.9 4 1 12.0
5 1 45.0 5 1 12.8
6 1 43.2 6 1 13.5
7 1 41.4 7 1 14.3
8 1 39.6 8 1 15.0
9 1 37.8 9 1 15.8
10 1 35.9 10 1 16.6
11 1 49.4 11 1 17.3
12 1 50.2 12 1 18.1
13 1 50.9 13 1 188 PIPE INSTALLATION THROUGH BERM:
14 1 516 14 1 196 LOWER TIER MAINS: 1.5% - 2.0% SLOPE TOWARDS FLUSH POND
15 7 553 15 7 503 UPPER TIER MAINS: 4.0% - 4.5% SLOPE TOWARDS FLUSH POND*
16 1 53.0 16 1 21.1
17 2 53.7 17 2 21.8 -
18 2 54.4 18 2 22.6 TO WETLAND
19 2 552 19 2 23.3
20 2 55.9 20 2 241 ) kl As As A,
21 2 56.6 21 2 24.8 I
22 2 573 22 2 256 <LLUSH POND @ 6" SOLID MAIN 6" SOLID MAIN @
23 2 58.0 23 2 26.4
1228- A A A -1230.5 (UPPER TIER HEADER)
gg g 231 gg g 3;; 1229.2 + (LOWER TIER HEADER)
26 2 61.2 26 2 271 SECTION
28 2 63.5 1
" OUTLET RISER “TWO 45° OR 22.5° ELBOWS MAY BE USED & |
29 2 64.7 6" VALVE IN L
30 3 555 VALVE BOX ON UPPER TIER MAINS IF NEEDED AND 2>
31 3 571 THE SLOPE SUBSEQUENTLY REDUCED L _
. ; T o ) I\/ ) ) o
32 3 68.4 o S |4"TEE 4" PERFORATED LATERAL )
33 3 696 T - 3 2 ° AN ° |3
% 3 T 45° EL. % > T { 6" X 4" REDUCER
i, n ‘
36 3 755 1229.5+- 6" TEE INSTALLED 1
: AT 45°
37 3 73.6 6" X 4" BUSHING
38 3 74.8
39 3 75.8 A A\ N UNDER DRAIN SYSTEM INSTALLED
40 4 76.8 . . . " IN TWO TIERS WITHIN AASHTO#1 LIMESTONE
7y Z 779 @ 6" SOLID MAIN 6" TEE 6" SOLID MAIN 6"TEE | 4'SECTORS ON UPPER TIER
42 4 79.0 N.TS. 2 2 SECTORS ON LOWER TIER
13 ] 80.1 1228+ A A, A,
44 4 77.5
45 4 69.8 PLAN
46 4 62.1 o v
a7 Z 54.4 MIN. LOWER TIER INV. ELEV. = 1229+ (TOP OF IN-PLACE CLAY MATERIAL) i i 4{ 6" X 4" REDUCER
48 4 46.7 MAX. LOWER TIER LATERAL INV. 1229.2 (1.33' BELOW UPPER TIER INV.) % A —
gg j g?g D I SC H ARG E P I P E D ETAl |_ L |4"TEE| 4'PERFORATED LATERAL <
51 4 236 N.T.S. § $j =
<
-
4" CAP
C
NOTES:
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Abstract

A 70 km” area in the headwaters of Slippery Rock Creek in Western Pennsylvania is
impacted by acid mine drainage (AMD). Twelve stations, two of which are in unimpacted control
streams, were sampled in fall 1999, spring 2000, fall 2000, spring 2001 and fall 2001 to monitor
changes in water chemistry resulting from continued passive treatment in the watershed. Seven of
the 12 sites were monitored for changes in epilithic and epipelic algae, and in macroinvertebrates
in riffle areas. Values for pH and alkalinity in some tributaries and sites in the lower watershed
increased slightly during the 1999-2001 period. Since monitoring began in 1995, there have been
long term increases in alkalinity in the Seaton Creek tributary and in the two sites lowest in the
watershed (65 and 67), which reflect the substantial restoration efforts in the Seaton Creek
drainage and upstream sites in the main stem during this period. Overall, pH and alkalinity values
in the streams are fairly good, however they can temporarily decrease during periods of high flow,
presumably through flushing out of mine pools. Although concentrations of dissolved zinc and
nickel have decreased in Seaton Creek, values of dissolved iron and manganese remain above
EPA standards for organisms and could be limiting biological recovery.

The percentages of acidic indicator taxa of benthic algae are higher at AMD impacted sites
than the reference sites, however the reduction in their relative abundance since 1995 at several
sites is a sign of improving conditions. Macroinvertebrates remain severely impacted at AMD
sites. Macroinvertebrate density and richness.at the impacted sites remain well below those for
the reference streams. One of the most important factors limiting macroinvertebrate recovery is
probably the high amount of fine sediments in the watershed that make an extremely poor
substrate for the invertebrates in the most of main stem. Despite these problems, AMD sensitive-
taxa (i.e., mayflies, stoneflies and caddisflies) are beginning to be found in low numbers on hard
substrata, downstream in the watershed (Site 65). -

The continued hxgh concentrations of sulphate in the streams indicates that mine drainage
still enters the watershed, but the concurrent improvement in alkalinity demonstrates that
treatment systems are successfully reducing AMD impacts in the watershed. This coupled with
the slightly improving trends in the benthic algal flora and invertebrate fauna suggests further
recovery in the watershed as future restoration efforts occur. Recommendations are for a better
understanding of the hydrology of the watershed, improving the substrate quality in the streams,
and the need for experimental work to determine specifically which chemical factors are limiting

the recovery of the biota.




macroinvertebrates more than low pH or alkalinities, and that complex interactions in the
hydrology of the mine pools may have caused temporarily harmful concentrations of many
chemical parameters in the streams. In addition, much of the substrate at the impacted sites was
dominated by clay, which is a very poor substrate for macroinvertebrates (DeNicola and Stapleton
1999). :

There has been more treatment of AMD and restoration of the watershed since 1999. On
the main stem of Slippery Rock Creek, 1 more passive treatment system was completed in 2000, -
with another nearing completion. There has also been extensive recent restoration in Seaton
Creek, a major tributary of Slippery Rock Creek in the headwaters, with 4 sites of land
reclamation and several large vertical flow systems installed. As a result, there are now currently
approximately 12 passive treatment systems in the headwaters of Shppery Rock Creek treating
about 500 million gallons of water a year (Fig 1). This removes about 190 tons/yr of acidity, 8
tons/yr of Al and 150 tons/yr of Fe (see the Watershed Coalition web site, www.srwc.org). The
purpose of the present study was to continue monitoring of the stream sites twice a year from the
fall of 1999 through the fall of 2001 to determine if conditions in the watershed were improving as
a result of the increase in restoration efforts. Note, there were two funding sources for
monitoring during this period, a Bureau of Land and Water Conservation Nonpoint Source 319
Project that funded the restoration efforts at discharge SR89, and a Growing Greener Grant that
funded restoration for SR 96. Since the monitoring study was continuous, data for the entire
1999-2001 period are provided in this one report. Also, we report some long term trends in the
streams for 1995-2001.

In addition to monitoring, a set of experiments that examined the relative roles of substrata
and aqueous affects of AMD on invertebrates and algae in Slippery Rock Creek was completed in
2000. Information on this study is provided in a separate, self-contained, attached document,
which has been accepted for publication in the journal Fnvironmental Pollution.

'Methods

Detailed methods were provided in the QA/QC work plan originally written for this study
in 1996 and are available from the authors or the PA DEP. Below is a brief summary of the
methods.  Sample dates for analyses for each parameter are given in Table 1.

Study Design ~

Twelve sites in the watershed (Fig. 1) were sampled for selected chemical parameters in
fall 1999, spring 2060, fall 2000, spring 2001 and fall 20001 (Table 1). Seven of the sites are in
the main stem of Slippery Rock Creek (2-4th order streams) within the headwaters area and
‘impacted by AMD (sites 44, 46, 60, 63, 64, 65 and 67), 3 are AMD impacted tributaries (49, 62,
and 68), and 2 sites are in “control” or reference streams that are unimpacted by AMD (Fig. 1).
One of the control streams is a 1* order unimpécted tributary within the headwaters (Site 61), the
other is Wolf Creek, a 4th order stream that is in the Slippery Rock Creek watershed but not in
the headwaters area. Biological samples were taken at a subset of the sites (44, 46, 60, 61, 65, 67




Results and Discussion

The complete set of values for all water chemistry parameters and discharge on each
sample date are given in Tables 2 and 3

pH, alkalinity and acidity

Pennsylvania water quality standards cite pH values below 6 has being detrimental to
aquatic life, although severe effects usually are found below 5.5. Values for pH in the
headwaters ranged from 4.5 to 7.8, with values of 5.5 or lower occurring on some dates from
Sites 44, 62, 64 and 68 (Fig. 2). State water quality standards list impacts occurring below an
alkalinity of 20 mg/l for most streams, and sites in the headwaters area almost always below this
(Fig. 3). However, the low alkalinity at the small reference stream in the headwaters is also
occasionally below 20 mg/l, suggesting a naturally low buffering capacity of the geology of the
area in general. The most downstream sites in the headwaters, 65 and 67, were generally greater
than this threshold during the study period (Fig. 2) Alkalinity and pH values were substantially
higher in the large reference stream, Wolf Creek, primarily because it is in a different geologic
group than the headwaters (Potsville vs. Allegheny) with more tributaries intersecting the Vanport
Limestone outcrop geology. Acidity values were quite variable, reflecting to some extent the
difficulties involved in measuring acidity accurately (APHA 1989). Overall acidities were highest
at Sites 46/49, 63 and 64, but often values were similar to those found in the small reference site,
61 (Table 2).

Temporal trends in pH, acidity and alkalinity at each site during the 2 year period covered
by this report are difficult to discern. However, from 1999-2001 there do appear to be some
increases in pH and alkalinity at Sites 62, 64, 65 and 67 (Figs. 2 and 3). The recent improvement
in pH and alkalinity at Site 62 may be related to the construction an anoxic limestone drain in the
area in 1998. While this treatment system is a short distance downstream from Site 62, it
increased the flow from the AMD discharge, which perhaps lowered the mine pool in the deep
mine in the hillside. This may have dried up small discharges above Site 62 that were coming out
of the same mine pool. Longer term trends based on monitoring at the sites since 1995 also show
improvements. Site 68 is on Seaton Creek, and drains an area that has received substantial
restoration since 1998. For the time period 1995-2001 there are positive increases in alkalinity
and pH at this site (Figs. 4 and 5 ). Sites 65 and 67 are at the bottom of the headwaters and
therefore changes in their water chemistry should reflect the overall impact of restoration efforts
in the entire watershed. Site 67 is upstream of the Seaton Creek inlet and Site 65 below. Both
these sites have shown increases in pH and alkalinity since 1995, which presumably reflects the -
positive affects of restoration on water chemistry in the headwaters (Figs. 6-9 ). While the
significance of these long term trends were not tested statistically for this report, they do indicate
a trend of improving water quality.

Sulphate, conductivity and dissolved oxygen

Sulphate and conductivity are good éeneral chemical indicators of AMD and were highest




limiting biological recovery at some sites in the watershed.

Mean values of dissolved aluminum at impacted sites were similar to values for reference
sites, generally less than 0.3 mg/l (Table 3) and haven’t change much since the previous
monitoring period. Pennsylvania aluminum standards depend on the species of organism, the
standard for New York is 1.0 mg/ total Al, and is exceeding at several sites in the watershed

“(Table 3). Nontoxic silicon is associated with aluminum as aluminum silicates in minerals, and
had similar trends in concentrations as aluminum in the aqueous samples

Dissolved lead was lowest at the small reference site, 61, but other sites, except 68, had
similar concentrations to Wolf Creek (Table 3). There are no biota standards for lead in surface
water for PA, and EPA standards depend on the organism.

Concentrations of soluble zinc were generally higher at the impacted sites than the
reference sites from 1999-2001 (Table 3), however most values are below the toxic threshold
minimum, 0.1 mg/l. During the 1995-1999 monitoring period mean concentrations of dissolved
zinc were quite high (near or above 0.1 mg/1) for Sites 63 and 68 and seem to have decreased
since then. :

In general, concentrations of soluble nickel and cadmium at the impacted sites were similar
to values at the reference sites, indicating little impact (Table 3). Average nickel concentrations
were very high at Site 68 (> 0.1 mg/l) during the 1995-1999 monitoring period and have drop
significantly since then. Cadmium concentrations are similar to what they were in 1995-1999
(Table 3 and DeNicola and Stapleton 1999).

Aqueous concentrations for both calcium and magnesium were lowest at the small -
reference stream (Site 61). Concentrations in Wolf Creek were similar to impacted sites except
for Sites 68 and 65, which were considerably higher (Table 3). One would expect higher levels of
calcium and magnesium at lower pH sites from the dissolution of their alkaline minerals. Higher
calcium levels in the watershed could also result from dissolution of calcium from limestone in
ALD’s and vertical flow systems. Given the high sulfate levels in the impacted streams (200-700
mg/t), high calcium may result in precipitation of gypsum (CaSO,) in the streams. These trend are
similar to what they were during the 1995-1999 monitoring period (DeNicola and Stapleton
1999).

Effect of discharge on water chemistry:

Although there appears to be a trend in improvement in some water quality parameters,
patterns are difficult to establish because flow conditions can influence concentrations. For
example, alkalinity at Sites 60 and 64 in the middle of the watershed, tended to decrease at high
discharges during the period 1995-2002 (Figs.14 and 15 ). A similar relationship exists for other
sites as well. Changes in pH and iron concentrations also tend to be related to flow at some sites,
but the trends were not as clear as for alkalinity. Dills & Rogers (1974) found high surface runoff
during wet periods often increased dilution of AMD inputs, however we found the opposite.
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that increase the species richness of the sample. Comparison of the upstream impacted sites to
the small reference stream, 61, indicates that richness values were variable but similar among the
sites for most dates. In fact, richness was higher at Sites 44 and 46 than Site 61 on many dates
(Figs. 18 and 19). Serious impact on benthic algal richness and diversity does not begin to appear
until below pH 4.5 (DeNicola 1999), which rarely occurred at any of the sites. However, many
species of diatoms have narrow pH tolerances and are good indicators of pH, thus while there is
little change in diversity there was a shift in species composition at the AMD impacted sites.

Comparing the similarities in average species composition for the whole study (dates
pooled for each site) among sites indicates that Wolf Creek is most different from all other sites in
both epilithic an epipelic species composition (Tables 4 and 5). Dominant taxa in both the
epilithon and epipelon in Wolf Creek were the diatoms Navicula gregaria and Navicula
lanceolata (Tables 4 and 5). There were also many species in this diverse flora that are typical for
a clean water, moderately productive, high pH stream. The cyanobacteria, Phormidium is a
dominant taxon at the other sites, indicating it was tolerant of their AMD impacts. Several types
of cyanobacteria have been found to be tolerant to heavy metals (Genter 1996), but generally not
grow well in very acidic conditions. Diatom taxa typical of low pH are species of Eunotia and
Anomoeonies, which also can be abundant in severely impacted AMD streams (Verb and Vis
2000, Warner 1971). These taxa are generally most abundant at Site 60. Site 61 does have
several acid tolerant diatoms, which is not surprising given its pH and low alkalinity. Generally
these taxa are less abundant and Phormidium more abundant at Site 60 compared to the AMD
impacted sites.

Overall, the species composition of epilithic and epipelic algae at the AMD affected sites
has fewer acidic diatoms than in 1995-1999, indicating some improvement in the past few years,
For example, Sites 46 and 60 have less than half the percentage of acidic epilithic diatom taxa
than they contained in 1995-1999. A similar decrease occurred for Sites 65 and 67, although
smaller. At the same time, the percentage of acidic taxa at Sites 44 and 61 has not changed from
1995-2001, which is to be expected since 44 is upstream of all installed treatment and 61 isa
reference stream,

To examine whether benthic algae indicates substantial improvement during the 1999-
2001 period, changes in the abundance of acid indicator species as a percentage of only diatoms
were examined. For epilithic diatoms, sites 44, 46 and 60 had overall the highest percentage of
acid indicator species, indicating they are the most AMD impacted sites (Table 6). There is much
variability over time at each site, however, there appears to be a bit of a decrease in the
percentage of acidic diatom species at Site 60 and perhaps Site 46. Although this is not a
significant statistical relationship it might denote a future trend of biolegical improvement at some
of the AMD impacted sites. The percentage of acidic diatoms is higher for all sites in the
epipelon, and there is no indication of a decrease in their abundance at any of the sites for the past
2.5 years {Table 7).
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al. 1988). While stoneflies and caddisflies are more tolerant of low pH, they are in general
considered indicators of good water quality. As a result the EPT index (the number of mayfly +
stonefly + caddisfly taxa) is widely used to assess water quality. The value of the EPT index has
increased at Site 65 over time during the period of 1999-2001 (Table 9). Moreover, it has
increased at this site from the 1995-1999 monitoring period. While the number of EPT taxa and
densities of invertebrates were low at the site relative to the reference, there has been an
improvement in the number of clean water taxa found at site. Although represented by only 1-2
individuals, the presence of the mayflies Serratella and Caenis, the caddisflies Pycnopsyche and
Chimarra, and the stonefly Paracapnia are indications that conditions have improved at Site 65 in
the past 7 years (Appendix I and DeNicola and Stapleton 1999).

The low density and taxa richness of the benthic macroinvertebrates in riffles at AMD
impacted sites relative to the control sites corresponds to many other studies of AMD effects
(Dills and Rodgers 1974, Letterman and Mitsch 1978 ). Based only on the average pH and
alkalinites, the Slippery Rock headwaters should be able to support a larger and more diverse
invertebrate fauna (Hoehn and Sizemore 1977). However, some of the chemical data indicated
that concentrations of heavy metals are near or at the toxic threshold for stream fauna, and
probably are having the greatest affect on invertebrates. There is also great variability in water
quality over time, and the overall low invertebrate densities probably result from impacts during
periods of high AMD input. In addition, mining disturbance in a watershed greatly increases soil
erosion, which alone can have as large or larger a detrimental affect on invertebrates as water
chemistry (Hoehn and Sizemore 1977). The watershed in headwaters area of Slippery Rock
Creek has been highly disturbed from mining and has a lot of naturally occurring clay. The
increased sediment load in the steams together with iron precipitates from AMD bury substrate
and reduce invertebrate density and diversity. Sites such as 46 have deep clay and silt deposits
that are extremely unstable and poor habitats for invertebrates. It is probably the combination of
burial by fine sediments and toxic levels of metals at certain times during the year that are still
affecting the macroinvertebrates fauna in the treatment area. The relatively hard substrata of parts
of Site 65 might be one reason why there has been some improvement in the types of '
macroinvertebrates found at this site.

Overall Assessment of Water Quality at the Sample Sites in Slippery Rock Creek

The chemical conditions in the Slippery Rock Creek watershed have generally improved in
in the short and long term. From 1999-2001 there has been improvement in the lower watershed
‘and some tributarjes in pH and alkalinities. In addition, the restoration efforts in the Seaton Creek
tributary have resulted in increased pH and alkalinity in that stream since 1995. The improvement
in these parameters in the lower watershed (Sites 65 and 67) since 1995, indicate an overall
neutralization of acid impacts by the treatment systems. The continued high concentrations of
sulphate indicates that mine drainage still enters the watershed, but the concurrent improvement in
alkalinity demonstrates that treatment systems are successfully reducing AMD impacts in the
watershed.
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Table 1. Sample dates and codes for biological and chemical parameters.

Date

210ct99
23Mar00
19Sept00
8Mar01

25Sept01

Code

Fall99
Spr00
Falloo
SprOl

Fall01

pH, Alk
& Dis.

Metals ..

X

X

Total Aq.
Metals

Algae

Surber

19




Table 2 Cont.

Site

44
46849
60

81

62

63

64

65

67

68
WC

Date

9/25/01
92501
9/25/01
9425/01
9125/01

nd
9/25/01
9/25/01
9/25/01
9/25/01
9/25/01

Temp C pH

14
i3
12
13
13
nd
14
14
15
13
14

6.64
6.73
6.4
6,78
6.27
nd
5.65
6.63
8.76
6.71
8.3

Alk (mgfl} Acd (mg/} S04 (mg/l) DO (mg/l} Cond {mS/em) Flow (m3/s)

25.6
31.5
22
18
15.4
nd
10.3
31
31
325
183

12.9
10.2
12.8

11
16.4

nd
25.3

-89

12
13.7
0

70
170
140

32
100

nd
175
380
165
490

77

g
8
8
10
11
nd
5
10
9
8

13O

0.39
0.50
0.50
0.14
0.38

nd
Q.52
0.82
0.56
1.13
0.50

14D

0.023
0.075
0.117
0.001
0.073

nd

nd
0.351

nd
0.073
0.479
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Table 7

Change in percent of epipelic diatoms that are acid
indicators.

Site

Site
Site
Site
Site
Site
Site
Wolf

44
46
60
61
65
67
Creek

Fall9g

24

.54
10.
20.
11.
13.
14.

0.

63
33
21
77
10
60

SprGo

20
28
39

.27
.00
.40

9.
27,
20,

0.

30
12
20
00

FallOoO

20.
42.
17.
.33

22

23.
7.
.00

0

79
57
33

38
32

Sprgl

22.
.24
39.
25.
28.
12.

0.

38

00

33
00
67
00
00

FallOl

20.79
13.67
1l6.07
22.50
14,67

0.98




Change in Alkalinity at Site 65 from 1995-2001
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Change in Alkalinity at Site 68 from 1995-2001
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Fig. 1.

Fig. 2.
Fig. 3.

Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.‘1

Fig. 9.

17
Figure Captions

Map of the hadwaters of Slippery Rock Creek indicating the location of sample sites,
passive treatment systems for acid mine drainage discharges, and the area of land
reclamation. Wolf Creek is approximately 30 km west of the headwaters and not on the
map..

Change in pH at the sample stations.
Change in alkalinity at the sample stations.

Temporal change in pH at Site 68 (Seaton Creek) for the period 1995-2001. Best fit line,
not tested for significance. ' .

Temporal change in alkalinity at Site 68 (Seaton Creek) for the period 1995-2001. Best fit
line, not tested for significance.

Temporal change in pH at Site 65 for the period 1995-2001. Best fit line, not tested for
significance.

Temporal change in alkalinity at Site 65 for the period 1995-2001.Best fit line, not tested
for significance.

Temporal change in pH at Site 67 for the period 1995-2001.Best fit line, not tested for
significance. - .

Temporal change in alkalinity at Site 67 for the period 1995-2001. Best fit line, not tested
for significance.

Fig. 10. Change in dissolved iron concentration at the sample stations.

Fig. 11

. Temporal change in dissolved iron at Site 67 for the period 1995-2001. Best fit line, not
tested for significance.

Fig. 12, Temporal change in dissolved iron at Site 65 for the period 1995-2001. Best fit line, not

Fig. 13

tested for significance.

. Temporal change in dissolved iron at Site 68 for the period 1995-2001. Best fit line, not
tested for significance. :

Fig. 14. The relationship between discharge and alkalinity at Site 60. Best fit line, not tested for

Fig. 15

significance.

. The relationship between discharge and alkalinity at Site 64. Best fit line, not tested for




pH

Changes in pH at Site 67 from 1995-2001
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Soluble Iron (mg L™

Change in Soluble Iron at Sites
From Fall 1999-Fall 2001
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Changes in Soluble Fe at Site 65 from 1995-2001
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Change in Alkalinity with Discharge at Site 60
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Species Richness for Epilithic Algae

Spr 00

[ 1 Fall 99
V]
N\ Fall 00

Spr 01

E== Fall 01

ER XXX
o2t %e%

K S AR S S S A A A A A
I TTOTINOT OO IIFITITIPITIIIIIIe—
N N N N A N A N S N S S N O N NN,

OOTETEOTI IO IEH
VSIS D IO IIIIIIIN
B S N NN S NNNNNNY

50 -| ¢

40 -
0
.
10
0

womou,aw JO JBqWINN

Wolf Crk

67

44

Figure 18



Macroinvertebrate Density in Riffles

~ Figure 20
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Appendix I

A. Taxa names and codes for algae
B. Relative abundance of epilithic algal taxa at each site on each date.

C. Relative abundance of epipelic algal taxa at each site on each date.




Denticula sp.

Diatoma vulg hiemalie
Diploneis sp

Euglena

Eun bilunaris

Eun curvata

Eun curvata v. capitata
Eun ¢legans

Eun exigua

Eun impticata

Eun intermedia

Eun musicola toden

Eun negekii

Eun sp.

Eun tenella

Eun vanherk .
Eun. bilugaris v. microceph
Eun. GY -
Eun. mustcola

Eun, pectinalis NV
Eunotia minor

Frag brevistrata v, inflata
Frag capucina

Frag conslc v venter
Frag lepto

Frag pinata NV

Frag pinnata v, lancetula
Frag sp

Frag vaucheriae

Frag virescens

Frust chomb viridula
Frust thomb. v. amphi
Frust thomboides

Frust vulg crass

Frust weinboldii

Gomp acuminatum
Gamyp afine

Gomyp angustatum

Gomp constriuctum v capitata 123

Gomp gracile

Gomp olivacium
Gomp parvulum
Gomp sp.

Gomp subelavicum
Gomp. GV
Gongostoninm
Gryosigma spencerii
Gyro mediferum
Hantz. amphioxys
Kirchnerieila?
Klebsormidium
Melosira distans
Melosira islandica
Melosira vatians
Meridon circulare
Merismopedia
Microspora
Mougeotia

Nav 7schoreder
Nav accomoda

Nav agphuphala??
Nav arvensis

Nav capitata

Nav celmintis

Nav cryptocephala NV
Nav cryptocephala venter
Nav crytotenella

365
[74

119
117
229
175
116
176
262
274
316
177
263
302
120
227
122

223
230
21
178
179
352
350
180
232
159
124
312
258
220
125
259
335
327
339
323
211
37
133
181
131
135
134
263




NMiez sp.

Nitz sublinearis
Nitz, accuminata
Nitz, clausii

Nitz. dubia

Nitz. intermedia
Nitz. lencensis?
Nitz. obstusa

Nitz, perminuta
Nodularia
Odeagonium
Qocystis

Opephora martyi
Orthoserda roeseana
Osciltatoria
Pediastrum

PGV

Phormidivm

Pinn abaujensis
Pinn braunii

Pinn caudata

Pinn dactylus

Pinn divergentissima
Pinn mescpleta

Pinn microstauron
Pinn obscura

Pion sp

Pion subcapitata
Pinn, divergens
Pinn. GV

Pinn. pseudomicrostauron
Pinn, subecapitata v, subog
Plectorina??

Rhoc cruvata

Scen bijuga

Scen incrasulatus
Scen obliquis

Scen quadicaudata
Scendesmus sp.
Sprulina

Staur phonecentron
Staur smithii
Stauroneis anceps
Stauroneis kregerii
Stig basal cells

Stig filament

Sur, patella

Surl angust

Suri linearis

Surd minuta

Suri ovallis

Suri ovata

Surella amphioxys
Surieila brebisooni v. kut
Suriella sp -
Symploca

Syn radians

Syn. puchella lanceolata
Synd acus

Synd rurapens or rumpens v. familans
Synd tenera

Synd ulna

Tab tlocculosa
Tribonema
Unknown green
Wollea

201
293
347
373
30t
360
367
i
353
357
316
333
146
283
147
201
305

318
321
225

291
254
248
249
253
247

358
325
344
372
149
202
203
130

378
340
282
283
290
281
152
153
330
2738
223
277
299
205

2
329
363
351
3L0
226
206
221
207
244
341
154
33
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Appendix II

A. Taxa names and codes for macroinvertebrates

B. Relative abundance of macroinvertebrate taxa in riffles at each site on each date.




Tricoptera

Hydropsychidae
Diplectrona
Hydropsyche
Parapsyche
Chenmatopsyche
Potamyia
Macrostemum
Homoplectra

Phryganeidae
Phryganea
Agrypnia
Oligostomis
Hagenehia

Rhyacophilidae
Rhyacophila

Philopotamidae
Dolophilodes
Chimarra
Wormaldia

Psychomidae
Psychomia

Polycentropididae
Neureclipsis
Polyantropis
Helicopsychidae
Helicopsyche

Molannidae
Molanna

Uenoidae
Neophylax

Limnephilidae
Platycentropus
Pycnopsche

Chyranda
Psuedosteno-phylax
Apataniaidae
Apatania

Goera

Glossosomatidae
Glossosoma

Leptaceridae
Qecetis
Ceralcula
Trianenodes

Lepidostomatidae

200

203
207
204
206
2035
227
208
228

209
229
230
241
210

201
202

231
232
246
771

233
234

235
236
242
220
221

763

237
238

239
240
243

244

245

246
733

216
217

224
225
226
297

218




Ephemerellidae
Seratella
Drunnelfa
Ephmerella
Eurylophella

Oligoneuriidae
Isonychia

Polymitarcyidae
Ephoron

Ephemeridae
Ephemera
Litobrancha
Hexagenia

Caenidae
Caenis 3516

Leptophlediidae
Habrophleboides
Leptophlebia

Siphlonuridae
Ameletus

Plecoptera
Chloroperlidae
Utaperla
Alloperla
Sweltsia

Peltoperlidae
Peltoperla

Periidae 626
Phasganophora
Perlesta
Pargenetina
Acroneuria

Capn,fdae
Allocapnia
Paracapnia

Perlodidae
Clioperla
Remus
Leuctridae

Leuctra or Zealeutra

Isoperla

Taeniopterygidae
Taeniopteryx
Omeopteryx

Nemouridae
Amphinemura

301
502
504
303
767

322
323

524
525

626
327
528
321

520
521
754

51

600
614
618
615
630

607
608

629
626
632
757

603
631

622
625
610
620
621
602

623
624
613

604
605




CHIRONCGMIDAE GENERA:

Brillia 429

Taxon Code #
Diamesinae 450
Diamesa 451
Pagastia 491
Prodiamesina 452
Prodiamesa 453
Tanypoedinae 438
Conchapelopia 459
Ablabesmyia 460
Procladius 470
Hudsonimyia 461
Brundiniciia 462
Clinotanypus 463
Rheopelopia 464
Larsia 465
Natarsia 466
Alotanypus 467
Meropelopia 468
Macropelopia 469
Zavrelimyia 492
Telopelopia 493
Pentaneura 495
Kenopelopia 499
Nilothauma 751
Chironominae 475
Strictochironomus’ 476
Cryptochironomus 477
Microspectra 480
Endochironomus 481
Polypedilium 482
Tribelos 483
Rheotanytarsus 484
Corynoneura 489
Tanytarsus 485
" Paratanytarsus 753
Mircotendipes 488
Chironomus 487
Polypedilium fallax grp 486
Dicrotendipes 494
Omisis 750
‘Orthocladinae 420
Orthocladius (euorthocladius)
Orthecladius 422
O. annectens 423
Thienemannielia 424
Georthocladius 425
Parachactocladius 426
Diplecladius 427
Brillia parva 428

421
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Impact of acid mine drainage on benthic communities in streams:
the relative roles of substratum vs. aqueous effects
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“Capsule’s Biological recovery of acid ming drainage-impacted streams is not significantly affected by metal residue on
the substratum.

Abstract

Restoration of streams impacted by acid mine drainage (AMD) focuses on improving water quality, however precipitates of
metals on the substrata can remain and adversely affect the benthos. To examine the cffects of AMD precipitates independently
of aqueous effects, four substrata treatments, clean sauds_tdhc, clean limestone, AMD precipitate-coated sandstone and coated
limestone, were placed in a circumneutral stream of high water quality for 4 weeks. Iron and Al were the most abundant metals on
rocks with AMD precipitate, and significantly decreased after the exposure. Precipitate on the substrata did not significantly affect
macroinveriebrate or periphyton density and species cdmpdsit_iou. In an additional experiment, percent survival of caged live cad-
disfties was significantly lower when exposed in situ for 5'days in an AMD affected stream than in a reference stream. Caddisfly
whole-body concentrations of all combined metals and Fe alone were significantly higher in the AMD stream. Whole-body metal
concentrations were higher in killed caddisflies than in live, indicating the importance of passive uptake. The results suggest the
aqueous chemical environment of AMD had a. greater affect on organisms than a coating of recent AMD precipitate on the sub-
strata (ca. 0.5 mm thick), and treatment that improves water guality in AMD impacted streams has the potential to aid in recovery

of the abiotic and biotic benthic environment.:© 2002 Published by Blsevier Science Ltd.

1. Introduction

mines degrades more than 12,000 km of streams in the
Appalachian Region of the Northeastern, USA, with
80% of the impacted stréam. miles located in western
Pennsylvania and West Virginia (USEPA, 1997). The
estimated cost of reclamation of watersheds affected by
AMD in Pennsylvania is over $15 billion (Rossman et
al., 1997). Acid mine drainage occurs when pyrite and
other sulfide minerals associated with coal seams are
exposed to water and oxygen. A series of chemical
reactions results in mine water discharges that can be
high in acidity and concentrations of metals. High
acidity results from the oxidation andfor hydrolysis of
Fe and other metals. At pH values of 2-3 in aerobic
environments, acidophilic bacteria are the primary

* Cortesponding author. Fax; + 1-724-738-4782.
E-mail address: dean.denicola@sru.edu (D.M. DeNicola).

oxidizers of Fe, which then hydrolyzes and precipitates
out of solution in copious amounts. At pH>5, the
abiotic oxidation of Fe*? predominates. Femic iron
ions produced by the oxidation of pyrite are capable of
dissolving other heavy metal minerais, which enter into
solution at low pH (Singer and Stumm, 1970; Hedin et
al., 1994; Mills and Robertson, 1995). When AMI runs
off into more alkaline conditions in streams, dissolved
metals such as Al, Zn, Cu and Pb precipitate, however
these reactions are often out of equilibrium, Physical
and chemical conditions in the sediment, and hydrol-
ogy, also affect metal speciation and transport down-
stream (Boult et al., 1994; Broshears et al., 1996).
Decreased pH, increased concentrations of dissolved
metals, and a high amount of metal precipitation {pri-
marily iron hydroxide) caused by AMD runoff into

" streams usually result in drastic reductions in benthic

macroinvertebrate abundance and diversity (e.g. Dills
and Rogers, 1974; Letterman and Mitsch, 1978; Scu}-
lion and Edwards, 1980), and significant changes in

0269-7491/02/3 - see front matter £ 2002 Published by Elsevier Science Ltd.
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Table )

General chemical and biological parameters at the two stream sites used for experiments in the study, Slippery Rock Creek {at AMD impacted

Station 63) and Wolf Cresk {unimpacted reference stream)®

Pacametee Slippery Rock Creek Wolf Creek
Discharge (m? s~1} 0.1-3.5 0.4-6.7

Width at low flow {m) 43 6.7

pH 6.3 (5.5-6.6) 7.7 (6.5-8.1)
Alkalinity (mg CaCO; 1Y) 11.7 (4.1-40.0) 76,2 {24.9-149.9)
Acidity (ing CaCO;, 17Y) 2.3 (3.4-13.6) 2.5(0-3.3)

Sulfate (mg 177) 255 (245-260) Y 70 (60-79)
Soluble Fe (mg1-") 0.40 (0.20-1.88)°, _.T. 0.04 (6d°0.19), ,
Sotuble Ma (mg 1) 4.10 (bd-9.50) " . 0.08 (bd-0.1)
Soluble Al (mg I-') 0.10 (bd-0.55¢ " T 0.14 {bd-0.40)° b
Soluble Zn (mg I-1) 0.07 (bd-0.12F—Y,, 0.04 (bd-0.10) &
Sediment Fe (gkg) 51.0 (20.6-99.0} ’ 449 (13.7-1149)
Sediment Mo (g kg™)) 4.1 (0.4-164) 0.8 (0.3-6.7)
Sediment Al (g kg™ 279 (23.8-30.5) 370 (27.3-63.2)
Sediment Zn (g kgY) 0.3 (©.1-1.2) 0.2 (0.2-0.7)
Macroinvertebrate density (number m—1) 4 {0-54) 897 (369-1764)
Marcoinvertebrate species richness 2 (0-6) 27 (1534}

Epilithic periphyton density (number cmn—1) 1.7 10% (2.2% 10%-6.9x 10%) .23 105 (1.1x10%-1.2x107)
Epilithic periphyton species richness 21 (14—31) - 23 (18-37)

* Values are medians and ranges based on quarterly sampling from 1995 lo 2000, Sed;meut concentrations are for the clay fraction of sediment.
® Concentration of maximum dissolved metal exceeds either USEPA'S or Pennsylvama s confinuous water quality standard for freshwater,

N Bclow detection limits.
r\

order}tributary of Slippery Rock Creek and of good
water quality (Table 1). It is approximately 30 km

downstream of the headwater area and drains a mix of 7

woodland and agricuitural areas.

3. Materials and methods

3.1. Subsiratum experiment

To examine the effects of AMD precipitate on epi-
lithic invertebrates and periphyton, 30.5%30.5x4.0 om
wooden frames with 1.0 cm? open mesh, plastic bottoms
were filled with cobble-sized substrata obtained from a
quarry. To obtain substratum treatinents with an AMD
coating, frames filled with ejther sandstone or limestone
cabble were placed in a highly impacted, untreated 2nd
order AMD stream jn the headwaters of Slippery Rock
Creek for 3 weeks to accumulate a precipitate coating
approximately 0.5 mm thick (estimated visually by
scraping the substratum). This stream contains few to
no macroinvertebrates and a visual inspection of the
cobbles in the trays indicated no inveriebrates were
present after the 3-week exposure. These trays were then
transferred in water-filled containers to a circumneutral
stream with good water quality, Wolf Creek, on 13
October 1998. On the same date, substratum trays con-
taining either clean, washed limestone or clean, washed
sandstone treatments were also placed in Wolf Creek.
Five replicates of the four substratum treatments, clean
(controi) sandstone, clean {control) limestone, AMD
coated sandstone and AMD coated limestone, were

L located randomly in a long riffle of the stream for a 4-
: week exposure. Metals were sampled from the sub-

stratum in the trays before and after being placed in
Wolf Creek. Substratum in the trays were sampled for
macroinveriebrates and periphyton at the end of the 4-
week exposure.

To examine changes in metal concentrations on the
substrata during the 4-week exposure, randomly selec-
ted cobbles from trays of each treatment (n=15) were
analyzed for metals before and after being placed into
Wolf Creck. The entire surface of each rock was scrub-
bed with a hard bristle, plastic-brush using a 2% HNO,
solution. Material scrubbed and rinsed from the cobble
was digested for metal analyses using nitric acid (diges-
tion procedure 303E, APHA, 1998). Concentrations of
Al, Fe, Mn, and Zn were determined using a Perkin
Elmer Plasma 400, inductjvely coupled plasma spectro-
photometer (ICP; preliminary studies have shown these
to be the most abundant metals). Accuracy and preci-
sion of metal analyses were determined by running
dupticates, blanks, standards and spiked samples at a
frequency of approximately | per 10 normal samples.
Samples outside of limits of acceptability (10%) were
rerun {APHA, 1998).

Invertebrates from each tray were sampted by placing
a 500-um mesh net directly downstream of the tray and
rubbing invertebrates off each cobble by hand into the
net. Invertebrate samples were preserved in 70% etha-
nol and individuals identified to genus using primarily
Peckarsky et al. {1984). Prior to invertebrate sampling,
one randomly selected cobble was taken from three of
the five trays for each treatment to sample periphyton

57
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significant interaction between substrata treatment and
change in concentrations during the 4-week exposure in
Wolf Creek (Fig. 1A). Iron concentration did not change
significantly on either the sandstone or limestone control
substrala but significantly decreased on both AMD sub-
strata. Aluminum concentrations were significantly dif-
ferent among substrata treatments and were higher on
AMD sandstone than control sandstone substrata.
There was a significant interaction between substrata
treatment and the changes in Al concentrations, with
all treatments losing aluminum during the exposure
except sandstone control (Fig. 1B). Concentrations of
manganese and zinc on the rocks were quite a bit lower
than for Fe and Al, with all values less than 0.01 mg
¢m ™2 Changes in Mn concentrations on the rocks were
also significantly affected by the substrata treatment.
Unlike the other metals, control substrata treatments
significantly gained Mn during the experiment, but there
was not a significant increase on the AMD treatments
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Fig. 1. Mean concentrations of Fe, Mn, Al and Zn on four substrata treatments before and afler exposure in an unimpacted reference stream, Wolf

which had higher initial Mn concentrations (Fig. 1C),
Zinc concentrations on the substrata were relatively
low, and there were no significant main affects of treat-
ments or change during exposure. Although there was a
significant interaction between substrata type and con-
centrations of Zn before and after exposure, there were
no consistent trends in the changes (Fig. 1D).

After the 4-week-exposure in Wolf Creek, mean
macroinvertebrate. densities were not significantly dif-
ferent among substrata treatments, although they were
slightly higher on control treatments (Fig. 2). Shannon
diversity values for macroinvertebrates varied from 1.0
to 1.4 and were 1ot significantly different among treat-
ments (Table 2). Taxonomic composition of the macro-
invertebrates™ on the four substrata treatments was
similar; with the stonefly, Taeniopteryx sp., and the
mayfly, Isonychia sp., dominating the assemblages. Each

not differ significantly in their relative abundance
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Fig. 3. Mean density of periphyton on four substrata trea;j{neni{ﬂﬂef a 4-week exposure in an unimpacted reference stream, Wolf Creek, Error bars

are | 8B, n=3.
Table 3
Taxonomic compesition, as pereent, for the most abindant periphyion taxa and Shannon Diversity on four substrata treatments®
Controi' Asén;!s}gné AMD sandstone Control limestone AMD limestone
Genus i
Nitzschia dissipata 259 (L3 - 28.9(2.6) 3020149 34.3(2.3)
Navicula gregarta 196 (L. 22.6(2.9) 19.6 (2.9) 211 (3.4)
Navicula cryptocephala 296 (1.2y 9.4 (1.2) 9.9 (LD 59 (1.2)
Navicula minuscula . 87(19) 139 (2.6) 6.1 (1.1 9.5 (1.4)
~ Navieula tripunciata 581 4.6 (0.8) 68(1.3) 45 (0.7)
Navicula cryptotenella It | (1) 29{0.7) 2.5(0.4) 25095
Diversity -
Shannon Diversily 3.2(0.2) 34 (0.2) 3.2(0.t) 11{0.3)

* Values are means (1 SB), n=13.

Periphyton assemblages as a whole were not sig-
nificantly different amorig treatments based on the CCA
permutation test,

4.2. Aqueous exposure of caddisflies
During the 5-day caddisfly exposure, Wolf Creek had

a higher pH and alkalinity, and was lower in the con-
ductivity and acidity than the AMD affected site in

Slippery Rock Creek. Temperature at the two sites was
about the same and dissolved oxygen was slightly higher
in Wolf Creek (Table 4). Concentrations of Fe and Mn
dissolved in the water and in the seston were one to two
orders of magnitude higher at the Slippery Rock Creek
site than in Wolf Creek, but concentrations were only
slightly higher for Zn, Pb, and Cd (Table 5).

In Wolf Creek, 91.4% (SE=3.4) of the caddisflies in
the live treatment survived during the 5-day exposure,
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below detection limits. Asterisks indicate 2 significant difference (P<0.05) in concentration between live and dead caddisflies within a stream site, or

between stream sites for all caddisflies.

rather than physical abrasion from the current. Con-
centrations of Zn and Mn on the substrata were 1-2
orders of magnitude lower than Fe and ALl Under oxi-
dizing conditions, precipitation of Mn is much greater at
pH > 6 (Hedin et al,, 1994) and thus more likely in Wolf
Creek than the AMD site, however aqueous concentra-
tions in Wolf Creek were very low. It is likely changes in
the concentration of Zn and Mn after exposure in Wolf
Creek may have been relatively more affected by forma-
tion of a biofilm containing these elements than by
changes in mineral solubility or adsorption.

After the 4-week exposure in Wolf Creek, there were
no significant differences between AMD coated and
control substrata in abundance or taxonomic composi-
tion of invertebrates- or periphyton. Several aquatic
invertebrates have been shown to be tolerant of high to
moderate fevels of dissolved Fe (Rasmusssen and Linde-
gaard, 1988; Gerhart, 1992; Rousch et al., 1997). How-
ever, studies of mine drainage in which stream pH values
are circumneutral and dissolved metals low, have sug-
gested that loose, unattached precipitates of ferric iron
hydroxides can have devastating affects on invertebrate
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when uptake exceeds the organisms ability to regulate
the metal or bind it in a nonlethal form (Hare, 1992;
Gerhart, 1993). While the pH of Slippery Rock Creek
during the exposure was over 6.0, it was lower than the
pH of Wolf Creek and it was likely to have a greater
concentrations of more toxic, free-ion forms of the
metals (Table 1)..Caged caddisflies in the AMD impac-
ted stream had significantly higher concentrations of
most of the measured metals, with concentrations of Fe
and Al being the highest. Most aquatic animals regulate
Fe well and LC50 values for dissolved Fe are relatively
high (3-300 mg 1-}; Gerhart, 1993, 1994), Precipitation
of Fe hydroxides can decrease survival because of dis-
ruption of intestine membranes, clogging of the diges-
tive tract, and coating of gill surfaces (Gerhart, 1992,
1993). Although no visible orange precipitate was seen
on the caddisflies placed in the AMD site, precipitate
formed on the cages in that stream indicating that some
precipitation of Fe on the organisms was more likely
than in Wolf Creek. Toxicity of Al on aquatic insects
appears to result mainly from affects on gills and
respiration {Rosenberg and Resh, 1993). While dis-

solved ionic Al can disrupt ion transport across gill

membranes, respiration can be also affected in part by
precipitation of Al hydroxide on gill surfaces. Krantz-
berg and Stokes (1988) found maximum Al body bur-

dens of chironomids were greatest between pH 5.1 and‘ o

5.6, a level close to the pH at our AMD site.

Comparison of whole-body concentrations in. live vs.

dead caddisflies :mphes that although active mgestxon of
of metals on external body surfaces also can.be an
important uptake mechanism in hydropsychid caddis-
flies, which may lead to chronic lethal affects associated
with gilis or sensitive surfaces It was surprising that
than live for ali metals, as most studies find little differ-
ence in metal uptake between live and dead aquatic
insects (Timmermans et al., 1992), Iron in the gut con-
tents of hydropsychid cadd;sﬂles make up 34-60% of
the Fe in the whole body (Smock 1983; Cain et al,,

1995), and we assumed active uptake of filtered seston
would increase metal concentrations in live organisms in
the AMD strean. Dead caddisflies were depurate and
their mass was about half that of live, thus it appears
that metals associated with passive surface sorption
increased the whole-body concentrations in dead
organisms. Other factors that could increase the con-
centration of metals in dead vs. live caddisflies are the
release metals sequestered in granules near the body
surface after dedth (Krantzberg and Stokes, 1988), the
release of proteins in killed organisms that then adsorb
metals from solution (Timmermans et al., 1992}, the
lack of metal regulation/excretion in dead organisms,
and the possibility that metals precipitated on the
retreats and nets of live hydropsychid caddisflies, rather

than on the body surface (Letterman and Mitsch, 1978;
Brown, 1977).

6. Conclusions

Understanding the relative roles of substratum and
aqueous chemical affects of AMD on benthic organisms
is critical to successful remediation of impacted streams.
The building of passive systems to treat coal mine dis-
charges entering streams has increased substaatially in
the past 5 years (Milavec, 2000; Rossman et al., 1997),
but there has_ been little examination of the relative
roles of the benthic vs. aqueous environment on the
recovery- of ‘stream benthos. Results from this study
indicate_that agueous AMD chemical environment in
Stippery Rock Creek had a greater affect on organisms
than the chemical precipitate on substrata. Hard sub-
strata coated with AMD precipitate had a significant
decrease in the most abundant metals, Fe and Al, and a

+ benthic flora and fauna similar to control substrata when
_~placed into an unimpacted aqueous environment,
_ whereas caddisflies exposed to a moderately impacted
“aqueous AMD environment had significantly higher

mortality and metal concenirations in their bodies.

© While treatment of several large AMD inputs into Slip-

pery Rock Creek have improved the overall aqueous
environment, water chemistry appears to continue to
limit the recovery of benthic organisms. Increased AMD
discharge during storm: events can overwhelm or bypass
treatment systems, and the temporary deterioration in
stream water quality can increase the negative impact on
benthic organisms (Verb and Vis, 2000; DeNicola and
Stapleton, 1999). Morcover, decades of accumulated
AMD precipitate deposited on the substratum may now
be out of equilibrium with the treated aqueous environ-
ment, and thus be a source of aqueous metals, Our study
suggests improvement in water quality resuiting from
passive treatment systems should aid in the recovery of

_ the chemical and biological environment of the substrata

in AMD affected streams. While AMD affected sub-
strata recovered quickly in our transplant experiment,
the cobble was coated with a thin, recently deposited
precipitate, which is most representative of riffie areas
where flocculent precipitates do not accumulate. Sec-
tions of other streams and Slippery Rock Creek that
have accumulated layers of encrusted and flocculent
AMD precipitate may take substantially longer to
recover given improved water quality.
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