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Executive Summary

The purpose of this project was to complete a watershed assessment and formulate a restoration
plan for the North Branch of Bear Creek in Butler County, PA. Funds for this project were
obtained from the Pennsylvania Department of Environmental Protection’s Growing Greener
Program. The assessment of the watershed was initiated using funding from the Pennsylvania
Department of Environmental Protection’s Technical Assistance Grant (TAG) portion of the
Growing Greener Program. The Bear Creek Watershed Association (BCWA) was the project
grantee and the Butler County Conservation District (BCCD) was the project sponsor responsible
for administering the grant.. Hedin Environmental (HE) was the primary consultant for this
project.

The North Branch of Bear Creek Watershed covers approximately 16.7 square miles of Butler
County, PA. The watershed encompasses parts of Parker, Allegheny, Venango and Washington
Townships. The North Branch of Bear Creek flows to Bear Creek approximately 1.3 miles
upstream of where Bear Creek flows into the Allegheny River in Parker. Several seams of coal
have been mined through both surface mining and deep mining activities that occurred largely
before 1960. Mining activities have resulted in the pollution of the North Branch and many of its
tributaries.

This project began with watershed reconnaissance, which located approximately 30 discharges.
Over 50 points including these discharges and important in-stream locations were monitored
monthly for one year. This data forms the basis of the Restoration Plan.

Several high-priority projects have been identified and cost estimates have been provided. These
projects should be pursued immediately in order to begin the recovery of the North Branch. The
projects are (in no specific order):

NBG25D Reclamation and Alkaline Addition ($42,000)

“Young Mine Complex” Phase 1 Reclamation ($48,800)

“Young Mine Complex” Phase 2 Reclamation ($459,100)

NBE28D and NBE29D Weak Alkali Liquor treatment system ($77,000)

NBES52D self-flushing limestone bed system ($50,000)

Plug NB31D and NB32D ($24,000)

Separate clean water from NB12D; treat NB12D and NB13D with an alkaline wetland
system ($115,000)

NoUnAEWLD—

Seven projects have been identified, but several of the projects may occur concurrently, which
could result in cost savings. For instance, the first three projects listed occur adjacent to each
other and could be performed concurrently under one contract to save on mapping, permitting,
design, and mobilization costs. The total cost of the seven projects listed is estimated at
$815,900. It should be possible to implement all of these projects within 5 to 7 years.

In addition to these projects, many other medium- and low-priority projects and
recommendations are contained within this plan.
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I. Introduction

The purpose of this project was to complete a watershed assessment and formulate a restoration
plan for the North Branch of Bear Creek in Butler County, PA. Funds for this project were
obtained from the Pennsylvania Department of Environmental Protection’s Growing Greener
Program. The assessment of the watershed was initiated using funding from the Pennsylvania
Department of Environmental Protection’s Technical Assistance Grant (TAG) Program. This
project was sponsored by the Bear Creek Watershed Association (BCWA) and administered by
the Butler County Conservation District (BCCD). Hedin Environmental (HE) was the primary
consultant for this project.

A. Watershed Description

The North Branch of Bear Creek Watershed covers approximately 16.7 square miles of Butler
County, PA. The watershed encompasses parts of Parker, Allegheny, Venango and Washington
Townships. Portions of the watershed are shown on the Eau Claire, Parker, Emlenton and
Hilliards USGS 7.5 minute quadrangle maps. Figure 1 shows the watershed, which is outlined
and shaded. For the purposes of this report, the main tributaries of the stream were delineated
and lettered A through G. Figure 2 shows the sampling stations that were monitored as part of
this project.

The North Branch of Bear Creek flows into Bear Creek approximately 1.3 miles upstream of
where Bear Creek flows into the Allegheny River in Parker. The North Branch watershed is
roughly bounded by Route 38 in the west, by Route 58 in the north, and by SR1007 in the east.
The southern boundary roughly follows the Eldorado Road from Route 38 to Eldorado and then
follows SR1009.

DEP classifies Bear Creek as a part of subbasin 17C (Central Allegheny Subbasin). Bear Creek
is part of the USGS HUC 05010006 (Middle Allegheny-Redbank). This subbasin includes the
Allegheny River and all of its tributaries between Emlenton and Clinton.

DEP Chapter 93 classifies North Branch and its tributaries as Cold Water Fisheries (CWF),
although several tributaries and most of the main stem are not meeting this usage because they

are too severely polluted to support fish life. Portions of this watershed that were included on
DEP’s 2002 303(d) list are shown in Table 1.

Table 1. Impaired Stream Segments from the 303(d) List

DEP Segment ID Length (miles) | Description (see Figure 1) | Impairment Reason(s)
20000627-1400-JJM 11.2 | Tributaries E and G pH, AMD
20010625-1100-JJIM 3.3 | Tributary D pH, AMD
20000628-1430-JJIM 7.7 | North Branch main stem pH, metals, AMD

The watershed consists mostly of forested land, with some farming and abandoned mining,
particularly along streams and in the extreme headwaters. Several pipelines and numerous gas
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wells are located within the watershed as well. Part of State Game Lands 95 is located in the
watershed near the mouth of the North Branch.

The small settlements of Six Points, Bonus and Eldorado are located within the watershed, while
Annisville is located just to the southwest of the watershed boundary and Eau Claire is located
just northwest of the watershed boundary.

B. Geology and Mining History

Butler County covers 794 square miles in the northern part of the Appalachian coal field. The
study area is located in the northwestern segment of Pennsylvania known as the Pittsburgh Low
Plateau Section of the Appalachian Physiographic Province. The North Branch of Bear Creek is
located in the northeastern portion of the county and is characterized as having broad hilltops,
steep sloping valley walls, and moderately dissected upland physiography.

Coal, oil, and natural gas have been extracted from within the watershed for the past 130 years.
Oil and natural gas were first discovered in the 1870’s with production peaking in the late
1800’s. Coal mining first occurred as small drift mines, and eventually large scale deep mines
were developed in the Brookville coal seam that produced into the late 1960’s. Surface mining
started in the 1940’s and continued into the 1990°s. Large amounts of coal reserves exist
throughout the watershed, but most of this coal is buried deeply beneath other rocks.

The regional structure is controlled by the northeast by southwest trending Eau Claire anticline
(sub-surface ridge) (See Figure 3). The anticline is situated just west of the town of Eau Claire,
directing the flow of groundwater towards the southeast near the mouth of the North Branch.

The dip of the geologic structure is approximately two percent to the southeast along the North
Branch Bear Creek flow path. Groundwater appears to be partially directed towards the Foxburg
syncline (sub-surface valley), which is located just north of the mouth of the North Branch with
the synclinal axis trending in a north to south orientation.

Table 2 contains information on the geologic ages, groups, and formations present in the
watershed. The groups are listed from highest (youngest) to lowest (oldest) as they appear in
rock formations. Mississippian and Pennsylvanian Age bedrock is exposed in the watershed.
The only exposed Mississippian age rocks in Butler County occur in the lower extent of the Bear
Creek Watershed and are 150 to 200 feet in thickness. The Pennsylvanian rocks that are situated
on top of the Mississippian age rocks consist of interbedded sandstone, siltstone, shale,
limestone, coal, and clay. The Pennsylvanian rocks of Bear Creek are divided into the Pottsville
Group and Allegheny Group. These groups of rocks cap the hilltops of the watershed and are
exposed throughout.

Four main coal seams have experienced mining in the North Branch watershed; the Brookville
seam, the Lower and Middle Kittanning seams, and, to a much more limited extent, the Lower
Freeport coal seam. Table 3 provides more information and lists these seams as they appear in
the rock structure from highest (youngest) to lowest (oldest).
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Table 2: Geologic Ages, Groups, and Formations of the North Branch Watershed

Geologic Age |Group Formations Thickness |Coal Seams |Notes
(thickness)
Pennsylvanian |Allegheny Freeport 52to 160’ |Lower On a few high
Group Freeport (13 —|knobs in
42”) headwaters area.
Kittanning 60 to 225° |Middle and |Exposed
Lower (20 — |throughout
36”) watershed.
Vanport 1 to 28’
Clarion 6 to 48° Brookville  |Crops at streams
(297) edge in middle
reaches, above
drainage in lower
reaches.
Pottsville GrouplHomewood, 170° Thin, Towards the
Mercer and unmined beds jmouth of the
Connoquenessing stream.
Mississippian  |Burgoon 200’ None Exposed near
Sandstone mouth.

Table 3: Coal Seams Present in the North Branch Watershed

Group | Formation | Coal Seam Distance Location
Seam Thickness | between Seams
(in) (ft)
Allegheny | Freeport Lower Up to 42 30 to 50 below | Isolated knobs in
Freeport Upper headwaters.
Allegheny | Kittanning | Middle Up to 28 ~ 110 below Throughout
Kittanning Lower Freeport | watershed.
Allegheny | Kittanning | Lower Up to 36 ~ 100 below the | Throughout
Kittanning Middle K. watershed
Allegheny | Clarion Brookville | Up to 29 Up to 120 Exposed in middle
below Lower K. | reaches to the mouth.

Along the North Branch, the Brookville coal seam was extensively surface mined. Abandoned
surface mines along the main branch are located several hundred feet away from the stream
towards the mouth of the stream, but in very close proximity to the stream in the headwaters
area. Tributary streams feeding the main branch have had coal removed within a few feet of the
stream with spoil spilling into the stream itself. Deep mining of the Brookville coal seam has
occurred throughout the watershed. These areas were often surface mined after completion of
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the deep mining operations. AMD discharges originating off of the Brookville coal seam are
present along the main stream and the tributaries that originate to the north and east.

Coal seams mined in the Kittanning Formation were the Lower and Middle Kittanning coal
seams. These seams were surface mined at the crop edges above the Brookville coal throughout
the watershed. These seams may also have experienced limited deep mining. Discharges from
these seams occur on tributaries to the south of the main branch of the stream, particularly
Tributaries D and E.

The Freeport Formation has experienced very little mining within the watershed. A small knob
of Lower Freeport coal was extracted to the southeast of Six Points, but no other mining activity
on this seam is known.

C. Project Description

The Bear Creek Watershed Association and the Butler County Conservation District initiated the
assessment of the North Branch of Bear Creek in January 2002. At that time, they submitted a
request for a Technical Assistance Grant (TAG) from DEP through Stream Restoration, Inc., an
authorized TAG provider. BCWA/BCCD requested a rapid assessment of the mine drainage
impacts to the watershed. Their request was granted and technical assistance work by SRI’s
contractor, Hedin Environmental, began that month.

Volunteers from BCWA and BCCD and HE personnel performed spot sampling of the
watershed in January 2002. In February 2002, BCWA and BCCD applied to the Growing
Greener Program for a full-scale watershed assessment based on the technical information
gathered in the early TAG project.

Stream reconnaissance was performed in March and April 2002. This reconnaissance was
performed in order to locate all sources of mine drainage pollution to the stream. Flow
monitoring stations were installed in April.

The first complete round of stream and discharge samples was collected in May 2002. Monthly
samples continued to be taken under the TAG program until August 2002, when it was
announced that the Growing Greener program had funded the full-scale assessment. Sampling
continued on a monthly basis under the Growing Greener project until April 2003. Additional
sampling was conducted by the Knox District Mining Office (DMO) of the DEP in order to
complete a Total Maximum Daily Load (TMDL) study of the North Branch.

Table 4 lists the 56 stream and discharge points that were monitored. These points are shown on
Figure 2. The points are grouped according to their location in the watershed. In order to
facilitate data compilation and analysis, a consistent point naming system was used. Each point
was assigned 2 letters based on the stream. “BC” was used for Bear Creek points, while “NB”
was used for points on the North Branch of Bear Creek. The major tributaries of the North
Branch were lettered A through G (See Figure 1) and points located in the tributaries were
assigned this letter in addition to “NB.” Numbers were then assigned to points based on their
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location on the stream or tributary, starting with 01 at the mouth of each stream and proceeding
upstream with higher numbers. In many cases, numbers were not assigned sequentially in order
to allow more points to be added later if necessary. Finally, discharges were assigned a “D”
after the number, while in-stream samples were not.

Table 4: Sampling Point Descriptions

Point ID |Description

BC30 Bear Creek at Butler County Line Downstream of North Branch of Bear Creek (Photo 1)

BC40 Bear Creek at Bruin Bridge (Upstream of North Branch Confluence) (Photo 2)

INBOS5 North Branch at Route 268 Bridge

NB10 North Branch at Eldorado Road

NBI12D |Just east of NB13D, discharge from a ravine

NB13D  |Discharge from rock face along 4-wheeler trail.

NB15D  |Swamp area at toe of spoil near Eldorado Road. Many Discharge points directly to stream

NB18D  |Beaver pond area fed by runoff. Take sample at the outflow of the pond.

NB20 North Branch at Stone Bridge

NB30 North Branch just downstream of NB31D and NB32D

NB31D  |Gas well discharge beside North Branch.

NB32D  |Similar discharge as NB31D on opposite side of stream

NB36D  [Seep flowing out of old strip cut. Very near stream. Fe deposit into stream channel.

NB37D |Discharge from mine spoil just above the stream channel.

INB40 North Branch just downstream of Tributary G Mouth

NB41 North Branch just upstream of Tributary G Mouth

NBBO5  [Near Mouth of Tributary B at Eldorado Road

NBCO1  Mouth of Tributary C

NBDI10D [Pond created by spoil piles - fed by a spring. Sampled at pond outlet.

NBD40D |Large Fe contaminated flow discharging into a limestone-lined channel that by-passes a
treatment pond, and flows directly to the stream.

NBDS50D |Small discharge below house and barn above pond--in swamp area.

NBDS51D |[Larger discharge below house and barn above pond - discharge from concrete structure

NBEO1  [Mouth of Tributary E

NBEO3D |Discharge feeding strip cut that is now occupied by beavers. Seep zone is at far end of

ond. Sample for chemistry at the far end and measure the flow at the outfall structure

NBE10  Mouth of small tributary to Tributary E at Road

NBE20  |Pond Outfall at mouth of tributary to Tributary E.

INBE28D |Just east of NBE29D, multiple small seep zones combine near tall grass.

NBE29D |Dean Road off 38, Large dark orange seep, multiple sources to stream. Chem at discharge,
flow nearer to stream.

NBE30 |Headwaters of tributary above discharges NBD28D and NBE29D.

NBE35  [Small spring feeding beaver pond from south.

NBE40  |Alpha Environmental Trib mouth

NBES50  [Tributary E in stream above confluence with Alpha Environmental Trib

NBE52D [Spring from hill side slope.

NBE60D [Reclaimed strip mine drain. Landowner objected to sampling of any kind.
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south of stream

NBE62D |Orange discharge (colorless by the end of the ravine) in deep ravine originating ~ 75 yards

NBE65  [Tributary mouth near site NBE75. Take sample to confirm quality--recon if necessary

NBE72  |Discharge from pond on the western Alpha Environmental Trib

NBE75D |Large orange upwelling near the confluence of two tributaries. Very messy

NBE8O |Downstream of NBE81D to assess chemistry change through Beaver ponds

NBESID |[Upwelling near old powerhouse (Behind autobody). Flows to Beaver ponds

NBF35  [Tributary F below NBF40D and NBF45D

NBF40D |Past "Corn Field Corners" towards "Flop House", follow trail to Beaver pond outflow.

NBF41D |[FLOW ONLY - Add to flow of NBF40D and assume same chemistry

INBF45D |Collection of orange seeps near NBF40D. Some flows to Beaver dam trib, some to stream.

NBF46D |[FLOW ONLY - Add to flow of NBF45D and assume same chemistry

NBF47D [FLOW ONLY - Add to flow of NBF45D and assume same chemistry

NBF55  [Tributary F above NBF40D and NBF45D

NBGO1  Mouth of Tributary G

NBGI10D [Seepage is located in stream channel along the east bank.

NBG12D |[Upwelling from the spoil. Located behind house on spoil above the stream.

NBG15D |Deep mine discharge out of a pipe; behind house with equipment.

NBG20 [Tributary G at road crossing

stream ~ 100 feet above bridge crossing stream.

NBG25D |Part of deep mine complex above storage tank. Small seep out of diversion ditch. Flows to

NBG35D [Small opening in strip cut. Strip cut comes in off of left side of stream. Beaver dam has
source of water submerged. Collect water at foot of dam for flow rates and chemistry.

NBG45D |Small Fe contaminated upwelling out from side of spoil on trib to the north of NBG35D.
Flow is mostly likely result of beaver damming off strip cut adjacent to NBG45D.

NBGS50D [Small Fe contaminated upwelling flowing out of the base of the highwall above NBG45D.

In the field, samples were analyzed for flow rate, pH, alkalinity, conductivity and temperature.
Temperature and pH were measured using a Hanna multi-meter. Alkalinity was measured using
a HACH digital titration kit. Conductivity was measured using a Hanna Instruments Model HI
8733 conductivity meter. At each location, a 500-mL raw sample and a 125-mL acidified
sample were collected for laboratory analyses. The acidified sample was preserved using nitric
acid. All laboratory analyses were performed by G&C Laboratories of Summerville, PA using
standard and approved methods.

Flow rate was measured using a variety of methods. For small discharges (generally less than
100 gpm), pipes were installed to collect the flow. A bucket was used to collect a known amount
of volume in a known time period, which was measured with a stopwatch. This is known as the
“timed volume” method. For larger discharges and small streams (generally less than 400 gpm),
H-flumes were temporarily installed. These flumes were equipped with dipsticks that read
directly in gallons per minute. Additionally, stream flows were measured using a Swoffer Model
3000 velocity meter.

Monthly samples were taken from May 2002 until April 2003. Most discharges were sampled
monthly, while a few were sampled quarterly because they were determined to have little impact
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on the stream based on early sampling results. Some sampling stations were not sampled in
January 2003 because weather conditions made them inaccessible.

During the sampling period (May 1, 2002 through April 30, 2003), a total of 33.74 inches of
precipitation (as liquid) fell in Butler, PA, which is located approximately 17 miles southwest of
the watershed. This is less than the mean precipitation at this station, which is 42.8 inches with a
standard deviation of 5.7 inches. Figure 4 shows the actual monthly totals of precipitation as
well as the mean precipitation for each month. Four months had precipitation totals above the
mean, while 8 months had precipitation totals less than the mean. Given this data, it can be
concluded that the sampling period overall was drier than average. However, several sampling
events occurred immediately after significant rainfall periods, effectively measuring high flow
conditions.

While some sampling events were completed in one day, the majority were completed over two
consecutive sampling dates. Table 5 shows the dates of each sampling event as well as

precipitation totals just prior to and during each sampling event.

Table 5. Sampling Event Dates and Precipitation Totals

Sampling Sampling 4-day Total Prior | Total Precip During
Event Date(s) Precip (in) Sampling (in)
May-02 20,21 1.19 0]
June-02 18, 19 0.96 0.02
July-02 9,10 0 0.21
August-02 7,8 0.35 0]
September-02 3,4 0 0.22
October-02 8,9 0.72 0
November-02 8 0.44 0
December-02 16,17 1.41 0.02
January-03 3.4 0.04 0.01
February-03 5,6 0.55 0.03
March-03 18,19 0.46 0
April-03 15 0.02 0]

As shown, significant precipitation totals (over 0.5 inches) were recorded just prior to the May,
June, October, and December 2002 and February 2003 sampling events.

amounts did not fall during any of the sampling events.

I1. Problem Identification

A. North Branch of Bear Creek Chemistry

Significant rainfall

Figure 2 shows the sampling stations that were used for this project. Table 6 shows the average
in-stream chemistry at each of the 6 sampling stations on the main stem of the North Branch.
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Some of the data in Table 6 is presented graphically in Figure 5. As shown in the table and
figure, the water quality of the stream is degraded by inputs of mine drainage from tributaries
and direct discharges. However, the chemistry begins to improve downstream of station NB30
as clean water from unimpacted tributaries enters the stream.

Table 6: North Branch of Bear Creek In-Stream Chemistry

Net Acidity
Sample | Stream Mile | # of Cond| (mg/Las | Iron | Mn | Al | SO4

Point |(From Mouth)|Samples| pH | (us) | CaCOs) |(mg/L)|(mg/L)/(mg/L)(mg/L)

INB41 5.43 12| 5.8 327 -8 3.1 1.1 0.8 130
Tributary G enters the stream

NB40 | 5.34) s 57 26l 120 46 1.1 14 98
NB37D, NB36D, NB32D, NB31D enter the stream

NB30 | 4.59 S| 4.6 345 377 59 16 23 16l
Tributary F and Tributary E enter the stream

NB20 | 3.49) s 47 329 200 220 23 22 154
Tributary D, NB18D, NB15D, NB13D, NB12D and Tributary C enter the stream

NB10 | 1.96) 12| 44 38§ 260 14 25 22 189
Tributary B and Tributary A enter the stream

NB05 | 0.55] s 54 313 1] 10 17 1§ 141

The chemistry of the stream upstream of NB41 is of sufficient quality to sustain a biological
community. Iron present in these samples is being contributed by diffuse areas of base flow.
However, macroinvertebrates and some fish species are capable of surviving in this type of
water. The other reaches of the main stream are net acidic and contain metal concentrations that
are unlikely to allow a robust aquatic community to survive. NBO5 is shown in Photo 3.

B. Tributary Chemistry

Table 7 shows the watershed area and other information on the tributaries. On Figure 1, the
tributaries are shaded yellow while the headwaters and main stem drainage areas are shaded

grey.

Table 7 shows that four of the major tributaries, A, B, C, and F, contribute clean water to the
main branch of the stream. These tributaries drain approximately 25% of the watershed. No
polluted discharges were found on Tributaries A, B, or C. Several small discharges with
moderately contaminated water flow to Tributary F, but the stream is capable of assimilating this
pollution by the time the water reaches the mouth of Tributary F. The headwaters area and some
of the main stem area also contribute clean water, however, there are several direct discharges to
the main stem of the stream.

Tributaries D, E, and G contribute polluted water to the stream. These tributaries drain
approximately 43% of the watershed. Many discharges flow to each of the polluted tributaries.
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Table 7. Tributary Drainage Areas

Drainage % of total General Water Quality*
Area (Sq. % Area of |Stream Flow pH Net Alk. (mg/L|Fe Al (mg/L)
Tributary [Miles) Watershed | Nov 2003 as CaCO3)** |(mg/L)
A 2.0 12% 15% ~7 20 <0.3 <0.5
B 1.0 6% 5% ~7 20 <0.3 <0.5
C 0.6 3% 4% ~7 30 <0.3 <0.5
D 2.2 13% 9%| 4to5 - 40 1to6 1to5
E 2.8 17% 12%| 45t05 -20to-40/05t015 1to4
F 0.6 4% 3% 6to7 10 <03 <0.5
G 2.1 13% 12% 3to4 -20to-110 5to15 2t08
Headwaters, Quality varies widely with some direct
Main Stem 54 32% 41%discharges to the main stem of the stream
TOTAL 16.7

*Based on results of the TMDL sampling of the watershed by Knox DMO and the watershed

assessment

**Net acidity shown as negative net alkalinity

C. Discharge Summary

Twenty-nine discharges were identified and sampled during the course of this project. Several

other discharges were identified in the field but were not sampled because they were not polluted
with acidity or metals. Table 8 shows the average flow, chemistry and loading from each
discharge. The number of samples taken from each discharge is also shown.

The top 9 loading contributors for each pollutant are shaded in yellow. Although the loading of
NBE60D is unknown because it was not feasible to sample this station more than once due to

landowner restrictions, the known chemistry and observed flow rate on that one occasion
indicate that it is a major contributor of pollution to the stream.

The lowest 12 contributors in each category are shaded blue. These discharges contribute little
loading of the indicated pollutant to the stream. Intermediate discharges are not shaded.

Table 9 shows the percent of the average loading contribution by each discharge. The discharges
have been sorted based on the average acidity loading, with the highest contributors listed first.

The top 8 known contributors of acidity shown in Table 9 contribute an average total of 686.2
ppd of net acidity, 77.2 ppd of iron, and 61.2 ppd of aluminum. This represents 89% of the
measured acidity loading, 86% of the iron loading, and 92% of the aluminum loading. Along
with these top known contributors, NBE60D is assumed to be a top contributor of pollution to
the stream. When this group is expanded to include the top 12 known contributors, 97% of the
acidity, 95% of the iron and 98% of the aluminum loading is accounted for. Thus, these top 12
contributors plus NBE60D should be the focus of restoration efforts in the watershed.

The sampling data and a discussion of alternatives for each discharge are presented below.
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Table 8: Average Discharge Flow, Chemistry and Loading

Loading (pounds per day)

Flow |Field Net Acid (mg/L | lron Mn Al SO4 | TSS
Point ID |Count|(GPM)| pH [Cond (uS)| asCaCO03) [(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|Net Acidllron Al

INB12D 11 80.8 4.1 448 32 2.0 0.9 2.0 237 2 15.7 0.1 0.9
INB13D 11 8.1 3.2 1,181 171 30.8 2.6 8.2 645 10 17.5 3.1 0.8
INB15D 11 7.8 3.7 676 67 8.9 1.5 3.4 318 6 4.6 0.5 03
INB18D 11 214 53 49 4 0.3 0.2 0.5 14 11 1.0 0.1 0.1
INB31D 12 7.3 45 935 124 38.1 6.4 6.2 518 5 10.3 33, 0.5
INB32D 12 22 37 986 129 338 6.2 4.2 563 3 3.5 09 0.1
NB36D 12 223 33 1,154 230  36.2 3.6, 164 588 4 43.8 42 3.6
NB37D 12 2660 2.7 1,782 644 993 4.0, 45.0 864 3 159.9 21.3] 114
INBD10D 11 61.1 4.5 382 26 1.9 1.6 2.5 189 4 16.2 0.9 1.9
INBD40D 12 23.1 6.1 266 -15 13.3 2.4 0.1 57 5 -6.1 27, 0.0
INBD50D 5 0.8 64 114 24 21.0 1.0 0.1 13 8 -0.2 0.1 0.0
INBD51D 5 37.] 5.6 124 4 2.9 0.2 0.1 19 2 1.4 0.8 0.1
INBE03D 5 27.6 6.0 220 -6 29 1.3 0.1 84 8 -1.7 0.5/ 0.1
NBE28D 12 11.7. 3.0 2,804 869 40.1] 74.6/ 103.8 2,037 5 120.4 52| 145
NBE29D 12 327 33 1,476 418  23.60 284 48.1 898 4  162.0 6.9 19.7
NBE52D 11 235 4.1 672 79 0.0 9.8/ 10.1 390 3 19.6 0.0 25
NBE60D 1 4.0 388 52 0.2 6.4 4.6 189 1 unknown

INBE62D 5 20.5 6.0 348 -29 4.5 1.7 0.0 100 4 -6.6 09 0.0
INBE75D 10 69 54 403 17, 109 4.4 2.0 181 6 1.4 1.0l 02
INBE81D 12 447 55 113 3 0.1 0.1 0.1 20 3 1.4 0.0 0.1
INBF40D 8 594 6.1 83 -16 5.3 0.8 0.1 23 3 4.2 1.1 0.1
INBF45D 8 9.7 6.3 154 -22 4.3 2.7 0.0 41 4 2.6 0.5 0.0
NBG10D 12 09 3.0 3,945 3,068 10254 12.00 160.6] 3,652 9 339 11.2 1.8
INBG12D 12 240 5.6 198 5 5.5 0.8 1.1 81 6 1.3 09 02
NBG15D 12| 167.1 3.6 475 112 22.1 1.5 7.1 205 5 115.8) 19.7 6.7
NBG25D 12 03 2.0 10,334 7,963 2262.4 44 2352 8,839 17 30.7 8.7 09
INBG35D 12| 21.1] 43 420 46 5.3 2.9 3.7 210 8 6.5 0.5 0.5
INBG45D 5 1.5 6.0 461 15 162 4.9 0.1 175 3 0.2 03 0.0
INBG50D 5 9.6 6.3 329 -27 4.7 1.3 0.0 111 3 2.9 0.5 0.0
Total Average Pollution Loading (pounds per day)* 767.2] 89.4 66.7

* The total acidity loading was calculated by adding only the positive loading amounts
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Table 9: Percent of Average Loading Contribution by Discharge

Loading % Contribution of
(pounds per day) Known Loading
Net Net
Point ID |Acid Iron Al Acid* |lron Al

INBE29D 162.0 6.9 19.7 21% 8% 30%
INB37D 159.9) 213 114 21% 24% 17%
INBE28D 120.4 52| 14.5 16% 6% 22%
NBG15D 115.8) 19.7 6.7 15% 22% 10%
INB36D 43.8 4.2 3.6 6% 5% 5%
INBG10D 339 11.2 1.8 4% 12% 3%
INBG25D 30.7 8.7 0.9 4% 10% 1%
INBE52D 19.6 0.00 2.5 3% <1% 4%
NBE60D unknown** unknown**
INB13D 17.5 3.1 0.8 2% 3% 1%
NBD10D 16.2 0.9 1.9 2% 1% 3%
NB12D 15.7 0.1 0.9 2% < 1% 1%
INB31D 10.3 33 0.5 1% 4% <1%
INBG35D 6.5 0.5 0.5 <1%| <1% <I1%
NB15D 4.6 0.5 0.3 <1%| <1% <1%
INB32D 3.5 0.9 0.1 <1% 1% <1%
INBE81D 1.4 0.0 0.1 <1%| <1% <I1%
NBD51D 1.4 0.8 0.1 <1%| <1% <1%
INBE75D 1.4 1.0 0.2 <1% 1% <1%
NBG12D 1.3 0.9 0.2 <1% 1% <1%
INB18D 1.0 0.1 0.1 <1%| <1% <1%
INBG45D 0.2 0.3 0.00 <1%| <1% <1%
INBD50D -0.2 0.1 0.0 <1%| <1%
INBEO3D -1.7 0.5 0.1 <1%| <1%
INBF45D -2.6 0.5 0.0 <1%| <1%
INBG50D -2.9 0.5 0.0 <1%| <1%
INBF40D -4.2 1.1 0.1 1% <1%
INBD40D -6.1 2.7 0.0 3% <1%
NBE62D -6.6 0.9 0.0 1% <1%
Total* 767.2 89.4/ 66.7

* The total acidity loading was calculated by adding only the positive loading amounts.
Percentages were based on this total.

** Loadings for this discharge are unknown due to lack of flow rate data.
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I11. Watershed Goals and Objectives

The Bear Creek Watershed Association was formed with the hope that a concerted effort by
citizens can affect positive change in the watershed. The goals of the BCWA with respect to the
North Branch of Bear Creek are to:

1. Treat mine drainage discharges that impair the water quality of the stream and its
tributaries and restore these waters to their designated usage of “swimmable, fishable,
drinkable.”

2. Increase the visibility and viability of the BCWA by demonstrating early successes
and gaining momentum and publicity from these early projects.

3. Become a sustainable, long-term presence in the watershed by engaging a variety of
agencies, businesses, individuals and other partners in the restoration of Bear Creek.

These watershed goals will be achieved by implementing the objectives of this restoration plan,
which are outlined in Section XI.

IV. Treatment and Mitigation Alternatives

There are several ways to mitigate and/or treat mine drainage that vary depending upon the
origin, chemistry, and geographical surroundings of the discharge. Mitigation is also referred to
as “source reduction” and indicates one-time activities that lessen the amount or severity of
pollution that is produced. The purpose of this section is to describe the basic treatment and
mitigation alternatives that are currently available for discharges in the study area.

A. Mitigation Alternatives

Mitigation targets the amount (flow rate) or severity (pollutant concentration) of mine drainage
discharges through a one-time effort. Typical types of mitigation include surface reclamation,
removal or isolation of toxic materials, revegetation, alkaline addition to the surface or
subsurface, and source plugging. This section will discuss these mitigation alternatives.

When the source of contaminated mine water is a discrete point source, such as a mine opening
or a well, it may be feasible to eliminate the discharge by blocking the flow path. Deep mine
entries may be sealed with either wet seals that allow the discharge to flow through the seal or
with dry seals that prevent discharges.

Artesian flows from abandoned oil or gas wells can be plugged with concrete. Hundreds of
abandoned wells are plugged each year in Pennsylvania to prevent flows of brine water and
explosive gases, and to prevent the cross-contamination of aquifers penetrated by the wells.
Abandoned wells in the Bear Creek watershed and in many surrounding watersheds in Venango,
Clarion and Jefferson Counties act as conduits for AMD flows. Dozens of AMD-producing
wells have been plugged in Clarion County in the last two years by the USDA Natural Resource
Conservation Service and other entities.
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Before attempting to eliminate a point discharge, it is advisable to evaluate the hydrogeological
setting and determine where the diverted water is likely to discharge. When successful, plugging
can be an inexpensive alternative to treatment. It can also be a “last resort” alternative for
discharges that do not allow passive treatment because of location (close to the stream or on a
steep bank, for instance).

When partially successful, plugging can reduce the cost of the treatment system by reducing the
flow rate. When plugging is unsuccessful, it can cause the water to emerge in an unwanted
location either directly adjacent to the plugged well, from joint fractures in streams, or some
distance away. Plugging deep mine entries is even more risky, as deep mine pools can represent
vast quantities of water that cover large areas underground. Deep mine seals can fail
dramatically, releasing large quantities of water in the plugged location or in another location
that drains the same mine pool. In the adjacent Slippery Rock Creek Watershed, mines and wells
were successfully sealed but AMD was not eliminated as it moved and was discharged at
unsealed wells, mines, and natural springs.

If the discharge cannot be eliminated, methods to decrease the contaminant loadings should be
considered. Acidity and metals loading can be decreased using several methods, including:

= Reducing contact between water and acid-producing materials by increasing
runoff and eliminating impoundments;

= [solating the materials by capping or moving them to a dry location; and

* Adding alkaline materials to neutralize acid production.

Surface reclamation is common mitigation effort that involves grading spoil piles, identifying
and isolating or removing acid-producing materials, eliminating impounded water and
encouraging surface runoff. Reclamation lessens contact between clean precipitation or
groundwater flow and acid-producing materials. The result can be significant reductions in the
quantity and/or improvements in the quality of discharges.

Reclamation, alkaline addition and revegetation are most effective for small, intermittent flows
of contaminated drainage that flow directly from the surface of spoils. Reclamation is not as
effective for seeps and discharges that may be influenced by groundwater flow or deep mine
voids.

Reclamation usually includes revegetation and some form of alkaline addition. Establishing
good cover vegetation on poor mine spoil or soil typically requires heavy additions of
agricultural lime or another alkaline product. Fertilizer and mulch are also used. Vegetation
prevents erosion and allows more water to run off a site rather than percolate into the spoil,
where it can generate more mine drainage pollution.

Neutralization is increased through the addition of alkaline materials to the site. Limestone
(CaCO03) and lime (Ca(OH); or CaO) products are widely available and are commonly used for
alkaline addition. In some cases, low-grade limestone not suitable for commercial mining but
suitable for alkaline addition may exist near the site. The remediation plan may include plans to
mine the low-grade limestone specifically for alkaline addition. The only source of limestone

Page 16 of 64



near the watershed is the Vanport Limestone which can be a highly productive formation for
aggregate producers. Alkaline waste products can also be used. Examples include fly ash,
fluidized bed bottom ash, processed slag, bag house lime, and paper, pulp, tannery, or other
industrial by-products. Locally available sources may include waste products from limestone
mining and/or agricultural lime production (Boyers, Branchton) and weak alkali liquor (Parker).

Many reclamation projects are supported by state and federal reclamation programs. The Bureau
of Abandoned Mine Reclamation (BAMR) is a bureau of the PA DEP that performs many such
projects. The Cambria BAMR office is responsible for this watershed, as well as the Knox
District Mining Office of DEP. However, the presence of marketable coal and/or coal refuse
material on a site makes reclamation through coal mining activities possible. In this case, the
mining company is provided with incentives to “re-mine” the coal and/or refuse and reclaim the
abandoned spoils. The mining company pays the costs of the reclamation on a re-mining project.
These activities can result in a reduction in the contaminant production. Government Financed
Construction Contracts (GFCCs) have been used to encourage re-mining in areas where it will
provide solutions to land and/or water problems. An on-site assessment by DEP has concluded
that the potential for re-mining in the North Branch is limited.

While mitigation is an important component of any restoration plan, the results of mitigation are
difficult or impossible to predict. Mitigation is not an option for every discharge. At some sites,
reclamation and well plugging have dramatically reduced the amount of pollution to a watershed,
while other efforts have had little to no effect. Often, mitigation efforts such as reclamation must
be performed over wide areas to be effective and treatment may be a less expensive option. In
addition, well plugging and mine sealing can have adverse consequences if the water is diverted
to a less favorable location. Cost/benefit analyses that include the possible successes and failures
and potential risks of treatment and mitigation should be examined in order to choose the best
alternative for each specific site.

B. Active Treatment Alternatives

Active treatment involves the use of chemicals and mechanical devices to treat mine water.
Active treatment methods are well-developed. Sodium-based products such as sodium
hydroxide (NaOH, caustic) or sodium carbonate (Na,COs3, soda ash) or calcium-based products
such as hydrated lime (Ca(OH)3) and quick lime (CaO) are generally used. The sodium products
are more soluble and are easier to use for low flows, in remote locations, and/or where a permit
requires manganese removal. The calcium products are less expensive, but generally require
mechanical mixing and aeration to be effective. Large flows can usually be treated more cost-
effectively with lime. Regardless of the type of alkaline reagent used, chemical treatment
produces metal sludge that must be periodically collected and disposed of. Disposal usually
occurs in an on-site sludge disposal pond or into an underground coal mine void. The costs of
sludge management are substantial, sometimes exceeding the costs of the chemicals used to treat
the water.

One low-cost chemical treatment alternative that may be available to sites in the Bear Creek
Watershed is weak alkali liquor (WAL), a by-product produced by Penreco in Parker, PA. The
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weak alkali liquor has a pH of between 9 and 12 and an alkalinity of approximately 90,000 mg/L
as CaCOs. In the past, this material has been granted beneficial use certification by the DEP,
which indicates that it offers potential environmental benefits with few environmental risks when
used correctly (General Permit WMGRO080). Currently, this material is being delivered at little
or no cost to several sites in the region in 4,500 gallon bulk trucks. The material can be
delivered directly to ponds or to holding tanks, where it is then metered into treatment ponds.
Other uses of this material, such as land application or direct pumping into deep mine pools, may
also provide cost-effective solutions to land and water problems. However, as these uses have
not been fully demonstrated, projects of this type would need to be performed on an
experimental basis.

The long-term costs of active treatment usually make it an unattractive treatment solution.
However, there are circumstances where it is the used, often with highly effective results. The
quality of the East Branch of the Clarion River Reservoir is maintained through mechanical lime
additions to a highly acidic stream (Swamp Creek). Major improvements in the quality of Toby
Creek are largely due to installation of several active treatment systems. Active treatment is
usually proposed when it is the only feasible alternative, because the chemistry of the discharge
is too severe for passive treatment, because there is not enough land area to achieve treatment
using passive methods, or because a suitable alkaline chemical is available at a greatly reduced
price. For these reasons, chemical treatment must be considered for several of the most
contaminated discharges in the North Branch.

C. Passive Treatment Alternatives

Passive treatment involves the use of natural products, natural processes, ponds, and constructed
wetlands to remediate mine drainage. Limestone and microbial processes neutralize acidity.
Metals are precipitated as oxides and hydroxides in sedimentation ponds and wetlands. The
chemistry of the mine drainage determines what type of passive systems will be effective. The
flow rate of the mine drainage determines the size of the system.

A variety of passive treatment technologies exist. In general, the more acidic the mine water the
more problematic passive treatment becomes because the technology is less well developed and
the O&M requirements are often greater as acidity increases. Waters with aluminum
concentrations less than 20 mg/L are being effectively treated with reasonable O&M
requirements. Waters with higher aluminum concentrations can be effectively treated with
passive treatment, but the frequency of system renovations is likely to increase. The selection of
the appropriate technology is generally dependent on the mine drainage chemistry. Figure 6 is a
flow chart that can be used to select the appropriate passive treatment technology.

Ponds and Wetlands

Mine waters that are naturally net alkaline (alkalinity greater than acidity) are usually only
contaminated with iron (Fe). The iron can be passively precipitated through oxidation and
settling in sedimentation ponds and constructed wetlands. The systems are designed to promote
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aeration (sheet flow and waterfalls) and provide long retention times. Ponds are usually used to
decrease iron concentrations to 10-15 mg/L, and wetlands are used to remove the residual iron.

In many cases, it is desirable to add an alkaline substrate, such as compost mixed with limestone,
to the bottom of wetlands. This alkaline substrate has been shown to neutralize acidity and
produce alkalinity, ensuring the success of wetland vegetation. Alkaline-amended wetlands have
proven success in slightly net acidic waters where flow rates are relatively low.

Many successful pond/wetland systems have retention times of several days. Ponds and
wetlands are also placed after other passive treatment system components to provide settling and
polishing.

Anoxic Limestone Drains

Mine water that is net acidic (acidity greater than alkalinity), contaminated with iron, and low in
dissolved oxygen, ferric iron, and aluminum concentrations can be treated with an anoxic
limestone drain (ALD). An ALD is a buried bed of limestone that is designed to be completely
flooded to maintain anoxic conditions throughout. Acidic mine water is directed through the
bed, resulting in the generation of alkalinity (through limestone dissolution) without the
precipitation of iron solids. The alkaline discharge from the anoxic limestone drain is followed
by sedimentation ponds and constructed wetlands, where iron precipitates as an iron oxide solid.
Properly designed and constructed anoxic limestone drain systems are among the most effective
type of passive treatment and have been proven viable for treatment in the long term (over 15
years).

Vertical Flow Ponds

Mine waters that are net acidic and contain aluminum present the most challenging cases for
passive treatment. The acidic waters require neutralization, but the tendency for aluminum to
precipitate within alkaline substrate and decrease its permeability complicates the treatment.
Many passive systems constructed to treat mine water with aluminum fail because they plug, and
the acid water cannot flow through the alkaline materials. The plugging problem has been
partially mitigated through the design of ponds where water flows vertically through a large bed
of limestone. Ifiron is present in the mine water, the bed is typically covered with an organic
substrate in order to remove oxygen that would otherwise cause the precipitation of iron within
the limestone aggregate. These ponds have been referred to as vertical flow ponds (VFP),
successive alkalinity producing systems (SAPS), and reducing and alkalinity producing systems
(RAPS). While some systems may work well for several years with no maintenance, the
accumulation of iron and aluminum solids eventually causes permeability problems that can
result in system failure. Renovation typically requires replacement of the organic substrate and a
portion of the limestone aggregate. To counter this problem, VFPs are usually constructed with
solids flushing capabilities. The flushing systems operate passively and are driven by elevation
differences designed into the VFPs.

The challenges presented by highly acidic mine drainage have resulted in the development of
innovative technologies. There is little consensus among treatment system designers on the
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details of the flushing systems. A belief that increased flushing frequency results in better
removal of aluminum and iron solids has resulted in the incorporation of automatic flushing
devices into some passive systems. These devices cause the system to flush whenever the water
reaches a predetermined level. Experimental systems that flush every 3 — 24 hours have been
installed. The observation that aluminum solids tend to accumulate in the upper portion down-
flow limestone beds has prompted the installation of flush systems in the top of some limestone
beds. Calculations on the velocities needed to move particles suggest the need for closely spaced
flush pipes with small flushing orifices. The long-term effectiveness of flushing in removing
solids and extending the useful lives of passive treatment systems is not known.

Oxic Limestone Beds and Channels

Limestone is not effective for AMD treatment if it plugs or is coated with metal solids. In cases
where iron and aluminum concentrations are low, additional alkalinity can be generated with
flow through an open bed of limestone aggregate. Oxic limestone beds are increasingly being
placed at the end of passive systems to boost pH and promote microbial manganese-removal
processes.

In some cases, self-flushing units have been attached to open limestone beds in order to flush
them, similar to VFPs. Experimental systems of this type have been used to treat high aluminum
levels with good short-term success.

In cases where steep gradients exist between the discharge and the receiving stream, it may be
feasible to partially treat the water with an open limestone channel. The velocity of water
moving through the limestone carries solids out and prevents plugging. Research shows that
even if the limestone in open channels is armored with iron, it is still reactive.

Sulfate-Reducing Bacteria Systems

One new type of treatment system that has recently been constructed on a pilot scale is the
sulfate-reducing bacteria (SRB) system. For these systems, AMD is directed into a buried bed of
organic material. The anoxic conditions that result permit sulfate-reducing bacteria to dominate
the system. Their activities cause aluminum to precipitate as a dense solid and also generate
alkalinity. Both iron and aluminum are removed.

A system of this kind was constructed for a discharge on Cook Run in Sproul State Forest. The
system treated 1 to 3 gpm of water with 1,000 — 3,000 mg/L as CaCOs of acidity and 200 — 300
mg/L of aluminum. While the system showed some good success during its one year of
operation, it also experienced some problems. In addition, it required a relatively large area to
treat a relatively small flow. However, systems of this type may be the only passive method for
treating extremely contaminated mine discharges. Systems of this type are expected to cost over
$25,000 per gallon per minute of flow, making them viable alternatives for only small
discharges. Full-scale systems of this type are planned and should be monitored for success to
determine if they are successful and cost-effective.
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Pyrolusite™ Beds

Manganese precipitates as an oxide under alkaline conditions in the absence of iron. The process
is microbially mediated. The Pyrolusite™ process involves the inoculation of oxic limestone
beds with microbes selected for manganese oxidation.

Maintenance of Passive Treatment Systems

Many design features can be incorporated into the construction of passive treatment in order to
facilitate the maintenance of these systems. For instance, flow channels, berms, and pipes that
discourage muskrat activities can prevent problems from developing. Designing two or more
parallel cells for some treatment units, such as wetlands and vertical flow ponds, allows one cell
to be taken off-line for maintenance while the rest of the system continues to operate normally.
As long as maintenance is performed during low-flow conditions, this does not result in a decline
in final water quality.

Despite these design improvements, some operation and maintenance activities are necessary.
All systems require regular visual inspections to ensure that they are working properly and that
pests or high flow events have not damaged the system. Monthly inspections are sufficient in
most cases, though inspections should be performed as soon as possible after large flooding
events. Other regular maintenance activities are discussed in detail below.

Wetlands usually require minimal maintenance. Most maintenance is related to the activities of
pests, such as muskrats and beavers, which burrow in berms, plug outlets and destroy vegetation.
Wetlands can be designed to minimize the risk of pest damage, but visual inspections are
necessary. Severe pest damage can usually be controlled by trapping efforts. Wetlands have
also been damaged by ATVs, which run through the wetlands and cause channels to develop.

The primary maintenance issue with settling ponds is solids removal. Ponds can also be
susceptible to damage by pests. The purpose of ponds is to collect metals that form solids and
accumulate. Over time, these solids build up and require removal. The solids are not hazardous
and can usually be buried on site. Ponds are typically designed to operate for 15 — 25 years
before being cleaned out. The required frequency of cleaning depends upon the flow rate of the
discharge, the concentrations of metals, and the size of the pond. In situations where clean iron
sludge is being collected, it may be possible to recover and sell the sludge, thus offsetting system
maintenance costs. Research on recovering aluminum sludge is also being conducted.

When ALDs are properly constructed and designed to treat water that does not contain oxygen,
aluminum or ferric iron (Fe*"), they usually require no routine maintenance However, ALDs
have recently been used to treat discharges that do contain low levels of oxygen, aluminum or
ferric iron (Fe*"). These drains are equipped with flush plumbing similar to that found in VEPs
and require regular flushing. As ALDs neutralize acidity and add alkalinity, the limestone
dissolves. ALDs are typically designed with enough limestone to provide full treatment for 25
years. After that period of time, more limestone must be added to the bed.
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VFPs require regular flushing to avoid becoming plugged by solids. Few scientific studies have
been performed to determine the best flushing frequency, which likely varies widely based on
the size of the system, the design of the flush plumbing, and the chemistry of the water.
Typically, the water level in the VFP is monitored and flushing is recommended when water
levels rise, indicating that the VFP is beginning to plug. Alternatively, flushing can be
performed on a regular basis before plugging begins. Existing systems are usually flushed once
a month to once a year.

V. Mitigation Alternatives and Recommendations

Because the goal of mitigation is to alter the quantity and/or quality of the flow, mitigation
efforts should typically be performed before treatment facilities are installed. Mitigation efforts
may also alter the location of the discharge(s), making treatment systems constructed before
these efforts obsolete.

The results of mitigation are difficult to predict. In addition, the results of mitigation efforts are
often iterative, with small changes in discharge quantity/quality after each successive step.
Therefore, discharges that are anticipated to be affected by mitigation efforts should be
monitored after reclamation is performed to determine if additional efforts are necessary.

Tributary G should be the focus of the first reclamation efforts. Large surface and deep mines
were present along both sides of Tributary G. Reclamation projects recommended for this area
have the potential to impact seven discharges, including five of the top eight contributors of
acidity to the entire North Branch Watershed. Two main reclamation areas are recommended;
one for the NBG25D area and one for the “Young Mine Complex” on the other side of the
township road. This work has been broken into several phases, which are shown on Figure #.

A. NBG25D Area

NBG25D is one of the worst mine drainage discharges in Pennsylvania. Despite the low,
intermittent flow, it is still one of the top contributors of acidity and aluminum in the watershed.
It is likely that the extremely high levels of contamination in this discharge are due to a small
quantity of highly toxic mine refuse or other material buried on the site.

As of the writing of this report, the landowners of the NBG25D area have entered into an
agreement with Amerikohl mining to allow exploration of this area. It is possible that
marketable refuse will be found that will allow the area to be reclaimed during refuse removal.
If this 1s the case, large quantities of alkaline material should be placed in the area after refuse
removal is completed.

If refuse removal is not found to be viable, the recommendations for this site include:

= Construction of an up-slope diversion channel ($2,000)
= Exploratory digging to find the source of the water ($10,000)
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= Removal of any refuse or other material that is causing the problem ($10,000)
= Reclamation of the site including 1,000 tons of alkaline material ($10,000)
= Removal of the NBG35D beaver dam ($2,500).

The beaver dam at NBG35D may be forcing additional water into a deep mine or through spoil
or refuse to the NBG25D location. Lowering the impoundment in this area may influence
NBG25D by reducing its flow rate.

As shown above, the construction work for this project is estimated at $34,500. Engineering
design, permitting, and oversight are anticipated to add $9,500 to the cost of this project, for a
total anticipated cost of $44,000.

After the project is conducted, former discharge locations and Tributary G immediately
downstream of the former NBG25D location (station NBG20) should be monitored to determine
if this effort was successful in eliminating the discharge. If the project was not successful,
additional work in the area will be needed, which may include additional reclamation, chemical
treatment of NBG25D, or passive treatment.

B. “Young Mine Complex” Area

A large area of unreclaimed surface and deep mine spoil is present behind the Young residence
on Tributary G. This spoil has been placed immediately adjacent to the stream and in some cases
is in the stream channel. Three discharges to Tributary G (NBG15D, NBG12D, NBG10D) and
two discharges directly to the North Branch (NB36D, NB37D) are affected by this spoil area.
These discharges include three of the top five contributors of acidity loading to the entire North
Branch watershed (NB37D, NBG15D, and NB36D rank 2", 4% and 5%, respectively).

Due to the uncertainty in predicating the results of reclamation and the high costs involved in
fully reclaiming the site immediately, a phased approach to this area is recommended. After
each phase, the discharges in the area should be monitored to assess the effectiveness of the
work, and a decision about continuing with additional phases should be made. The phases are
summarized in Table 10 and discussed in more detail below.
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Table 10: “Young Mine Complex” Reclamation Phases

Phase | Cost Description of Work Potential Impacts
Estimate

1 $ 48,800 | Reconstruct NBG15D channel, May eliminate pollution of NBG15D;
separate clean and contaminated may greatly reduce flow rate of
water, eliminate channel losses. contaminated water at NBG15D; may
Monitor effects . reduce flow rate at NBG12D,

NBG10D, NB36D, and/or NB37D.

2 $ 459,100 | Reclaim 32 acres, add 100 tons/acre | May further reduce or eliminate flow
of alkaline material, establish or contamination of NBG15D,
vegetation. Monitor effects. NBGI12D, NBG10D. May also affect

NB36D and/or NB37D.

3 Unknown | If necessary, treat any remaining Eliminating any contamination to the
contaminated flow from NBG15D, stream that remains after Phases 1
NBG12D, and NBG10D. and 2.

4 Unknown | If necessary, provide additional Eliminating any contamination to the
reclamation around NB36D and stream that remains after Phases 1
NB37D with large alkaline additions | and 2.

OR treat NB36D and NB37D.

Phase 1

Phase 1 of this project will focus on the NBG15D discharge. However, this phase may impact
other discharges in the area.

NBG15D was sampled from the discharge end of a large culvert that was originally thought to be
a deep mine opening (Photo 24). However, further reconnaissance indicated that the culvert has
been placed through a large berm of mine spoil material.

This water flows from a stream channel that splits into two branches approximately 500 feet
upstream of the culvert entrance. Follow-up field sampling indicated that the water entering the
inlet end of the culvert is clean, with no metals, net alkalinity, and low sulfate. It is estimated
that 1 — 10 gpm of extremely contaminated water, similar in quality to NBG10D and NBG25D,
is entering the flow through the ruptured culvert pipe in the spoil.

Additionally, flow measurements indicated that the channel above the culvert pipe that conveys
clean water is losing water, while the flow increases in the culvert pipe. The clean water being
lost from the upper part of the channel may be seeping into the spoil and reemerging in the
culvert pipe, or it may be traveling through the spoil and emerging at NBG10D, NBG12D,
NB36D, and/or NB37D. Preventing this water from seeping out of the stream channel could
significantly reduce or eliminate these discharges.

Tasks and costs involved with completing Phase 1 of this project include:
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=  Removal of approximately 3,000 CY of spoil to reconstruct stream channel ($9,000)
» Lining approximately 700 feet of channel with impervious liner ($5,000)

= 210 tons of limestone for channel reconstruction ($4,200)

= Location and collection of contaminated seeps ($10,000)

* Mobilization, E&S control, revegetation ($7,500)

Material removed from the stream channel as part of this work will be placed on the spoil piles
surrounding the discharge, graded to a stable condition, seeded, mulched and fertilized.
However, because this entire area will be targeted for reclamation in Phase 2, temporary
vegetation may be used.

These tasks result in a construction and materials cost of $35,700. In addition, approximately
$12,000 will be needed for site mapping, design, and permitting, which may be extensive. It is
assumed that the BCCD would assist with project permitting. After the work is completed, each
of the discharges that may be affected by this project and the mouth of Tributary G (station
NBGO1) should be sampled every two months for one year. If volunteers from BCCD/BCWA
collect these samples, analyses should cost approximately $1,100. The results of this sampling
effort should be compared to prior results to assess the impacts of this work. Therefore, the total
project cost is estimated to be $48,800.

Phase 2

The focus of Phase 2 is on 32 acres of poorly reclaimed spoil located between the NBG15D
channel (northern boundary), Tributary G (western boundary) the hill side (eastern boundary),
and the North Branch (southern boundary). This area is shown shaded in blue on Figure 7.

This entire area contains surface mine spoil and a portion of this area occurs over a deep mine on
the Brookville coal seam. Reclamation of this area should include the following tasks and costs:

= Earthmoving over 32 acres ($9,000 per acre or $288,000 total)

= Addition of alkaline material at 100 tons / acre ($32,000)

= Revegetation, including fertilizer, seed, lime, and mulch ($48,000)
= Mobilization, E&S control ($10,000)

Therefore, the total material and construction cost for Phase 2 is $378,000. In addition, $80,000
is estimated for site mapping, reclamation design, construction oversight, and permitting.
Permitting may be problematic because spoil has been placed immediately adjacent to and in
some cases directly in Tributary G in the project area and should be removed. Similarly to Phase
1, the discharges in the area that may be affected by this work should be monitored periodicially
for a period of 1 year. The cost of this sampling is estimated to be $1,100. Therefore, the total
cost of this phase is estimated to be $459,100.

It may be desirable to perform Phases 1 and 2 simultaneously to reduce mobilization, mapping,
permitting, and monitoring costs. In addition, Phase 1 is unlikely to eliminate all of the
discharges involved, making more work necessary immediately. If the two Phases are performed
simultaneously, it is estimated that approximately $10,000 could be saved.
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Phase 3

The focus of Phase 3 will be on treating any remaining contamination from NBG15D, NBG12D,
and NBGI10D. It is likely that Phases 1 and 2 will have significant impacts on the flow and/or
chemistry of each of these discharges. Therefore, it is difficult to predict the type and size of
treatment that will be required. It may be possible to treat the discharges passively if reclamation
in Phases 1 and 2 improves the chemistry. It may not be necessary to treat the discharges at all.
Therefore, the cost for Phase 3 has not been estimated. The need for this work should be
evaluated based on the results of sampling after the completion of Phase 1 and Phase 2 work. At
that time, a detailed plan of action and cost estimate can be developed.

Phase 4

Phase 4 will focus on NB36D and NB37D. These discharges may or may not be significantly
affected by Phases 1 and 2 reclamation projects. Because the flow and/or chemistry of these
discharges may be significantly altered, the nature and cost of Phase 4 is not known. The two
most likely scenarios involve intensive reclamation and alkaline addition of approximately 4
acres surrounding the discharges or collection and treatment of these discharges at some
downstream location. The need for this work should be evaluated based on the results of
sampling after the completion of Phase 1 and Phase 2 work. At that time, a detailed plan of
action and cost estimate can be developed.

C. Main Stream Banks

Many of the hill slopes along the North Branch and its tributaries are lined with mine spoil,
mostly from surface mines that removed the crop coal or coal immediately behind the crop (See
Figures 2 and 3). These mines generally affected the Brookville coal seam. These areas are
typically less than 400 feet wide, but some stretch for several miles along the stream. They
range from being located immediately adjacent to the stream, particularly in the headwaters and
tributary areas, to being 500 feet away from the stream banks.

The conditions of the spoil areas vary, but all are poorly reclaimed. Vegetation consists mostly
of sparse tree growth with little or no ground cover. Highwall cuts over 50 feet high and
adjacent spoil piles create large impoundments in many locations. Poorly regraded spoil piles
also create numerous small depressions that do not allow precipitation to run off.

In some cases, these conditions contribute to mine drainage pollution. Several discrete
discharges were located and sampled (for instance, NB15D, NB18D, NBD10D, and NBG35D).
However, the spoil areas likely contribute a far greater amount of pollution by contaminating the
underlying aquifers, which then arrive in the streams and tributaries as base flow or diffuse
seepage.

Because it is difficult if not impossible to quantify this pollution, it is difficult to prioritize these
large, dispersed areas for reclamation. However, the first step on each site should be to locate
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impoundments and, if possible, provide free drainage. These impoundments retain water,
causing clean water to become polluted through contact with spoil. In addition, they often
provide an increased opportunity for water to infiltrate to the underlying aquifer or directly to the
stream. Thus, eliminating these impoundments is a quick, inexpensive way to lessen water
pollution from these sources.

D. Other Reclamation and Mitigation Sites

Several other small mitigation and reclamation jobs are recommended by this plan, including two
well plugging projects (NB31D and NB32D) and several projects to remove spoil impoundments
and beaver dams (NB15D, NB18D, NBD10D, and NBEO3D). These projects are discussed in
detail in following sections regarding each discharge.
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V1. Main Stream: Discharge-Specific Treatment Recommendations

Several discharges enter the main stem of the North Branch. Eight discharges were located and
monitored as part of this project. The following sections provide discharge-specific mitigation
and/or treatment recommendations, including cost estimates. The most serious discharges in this
section are NB37D and NB36D, which ranked 2™ and 5" respectively in average acidity loading
in the entire North Branch watershed. The following sections discuss each of the discharges in
detail. Discharges are listed beginning at the mouth of the stream and proceeding upstream.

A. NBI2D

NBI12D discharges from a short, steep ravine to the main North Branch stream from the northeast
bank (Photo 4). Flow was measured using the timed volume method from an installed pipe.
Table 11 shows the flow, chemistry and loading from the discharge.

Loadin
Table 11: NB12D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| Iron | Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|Acid [Iron |Al

05/20/02 185 3.9 240 19 0.2 0.3 1.1 83 2l 4120 04 24
06/18/02 158 4.9 278 23 0.1 0.4 1.0 122 2| 434 0.1 1.9
07/10/02 24 4.2 635 32 0.1 1.2 34 310 1 92| 0.0, 1.0
08/07/02 24 3.9 487 23 0.1 1.1 1.8 252 1 6.6 0.0 05
09/04/02 8 3.4 654 30 0.1 1.4 2.6 333 3 270 0.0 0.2
10/08/02 <1 3.6 1,253 161] 21.2 3.3 8.1 942 1 0.5/ 0.1 0.0
11/08/02 21| 4.7 311 13 0.1 0.4 1.0 122 5 33 0.0 0.2
12/17/02] 107 3.7 174 11 0.0 0.2 04 63 3] 143 0.1 05
02/06/03 60 4.3 404 18 0.0 0.3 0.8 166 2l 12.8] 0.0 0.6
03/18/03 2100 4.5 180 8 0.1 0.2 0.5 83 1] 204 0.1] 1.3
04/15/03 92| 3.8 313 16 0.1 0.4 1.1 131 4 17.8/ 0.1] 1.2
Average 81 4.1 448 32 2.0 0.9 2.0 237, 2l 157 0.1 0.9

NB12D was the 11™ highest average contributor of acidity loading to the stream. However, on
the individual sampling rounds, it ranked as high as 7" and as low as 16™.

The quality of this discharge varies widely with flow rate, with higher concentrations of acidity
and aluminum occurring during low flow. This indicates that a very shallow groundwater or
surface runoff source is providing dilution to the discharge during high flow events.
Approximately 41 acres drain to this point, including approximately 9 acres of abandoned
surface mining.

The current water quality is suitable for treatment using passive treatment, however, little room
is available in the vicinity of the discharge. In addition, the large variation in the flow rate
complicates passive treatment. Therefore, the primary recommendation for this discharge is to
separate clean surface water and/or shallow groundwater from the contaminated flow at this site.
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This will require additional reconnaissance of the ravine and field sampling of pH and
conductivity to precisely locate both the clean and contaminated water sources.

Clean water can be diverted in ditches, while contaminated water should be collected in French
drains or pipes and conveyed to the potential treatment location approximately 200 feet
downstream. These actions would likely reduce the high flow variability of this discharge. At
that time, passive treatment system sizing can take place in conjunction with NB13D treatment.
If the chemistry of the discharge is similar to the average chemistry of the flow, treatment could
be accomplished using an alkaline-amended wetland.

The investigation of NB12D sources and separation of clean and contaminated water is expected
to cost approximately $17,000. In addition to this amount, which would cover the costs of heavy
equipment, collection pipes, and revegetation of disturbed areas, approximately $8,000 will be
necessary for oversight and professional services during the project, such as directing the work in
the field. It is assumed that no design, mapping or permitting would be necessary. Therefore,
the total cost of this investigation and collection is expected to be $25,000.

After the contaminated flow has been minimized in this manner, the remaining contaminated
flow should be directed downstream of its current location, where it can be treated in conjunction
with NB13D.
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B. NBI3D

NBI13D sampled a collection of seeps that originate from a rock face that forms the northeastern
bank of the North Branch (Photo 5). The seeps collect on a 4-wheeler trail and enter the stream
in numerous locations. Flow was measured using the timed volume method and by directing as
much flow as possible to a pipe installed at the location. Table 12 shows the flow, chemistry and
loading of the discharge.

Loadin
Table 12: NB13D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |[Field| Cond |(mg/L as| Iron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |[CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |lron |Al

05/20/02 11 3.1 1,197 186 31.6 2.5 7.1 507 14] 23.51 4.00 0.9
06/18/02 11 4.1 1,234 240, 60.3 2.7 10.5 598 70 303 7.6 1.3
07/10/02 100 3.4 1,370 216 44.0 3.1 10.9 613 50 259 53] 13
08/07/02 9 3.00 1,270 214 30.0 2.8 8.3 810 5 23.1] 3.2] 0.9
09/04/02 9 2.2 1,302 209 36.9 3.0 10.1 571 6] 22.6) 4.0 1.1
10/08/02 70 3.7 1,230 201 39.5 2.8 9.6 1,028 13] 16.9] 3.3 0.8
11/08/02 5/ 3.9 1,194 165 22.9 2.6 8.1 675 200 9.9 1.4 0.5
12/17/02 18 2.2 1,010 127 16.5 2.1 6.6 519 7 27.5] 3.6 14
02/06/03 1] 3.3 1,130 165 26.1 2.3 7.1 765 18 2.00 0.3] 0.1
03/18/03 4 3.2 1,005 33 18.0 2.1 5.9 563 9 14 0.8 0.2
04/15/03 6] 2.9 1,050 127 13.6 2.3 6.0 447 31 9.1 1.0 04
Average 8 3.2 1,181 171 30.8 2.6 8.2 645 100 175 3.1 0.8

NB13D ranked as the 9 highest average contributor of acidity. On various sampling occasions,
the discharge ranked from as high as the 5™ highest contributor of acidity loading to as low as
19

The flow and chemistry of this discharge were fairly consistent, indicating that the source was a
steady groundwater flow. The discharge contains moderate amounts of acidity, iron and
aluminum. The chemistry of the discharge is suitable for passive treatment, however, the
topography of the site will be the limiting factor. The discharge emerges from a steep rock wall
immediately above the stream.

The discharge should be collected in a pipe and sent downstream approximately 300 feet, where
approximately 3 acres of low, flat land exist for treatment. Collecting and piping this water will
be difficult because the discharge appears close to the stream and close to the elevation of the
available treatment system. Accurate mapping of the site should take place first.

Once the discharge is collected, it can be combined with the collected water from NB12D for
treatment. For this design, it will be assumed that the average flow rate of NB12D will be
reduced to 40 gpm and contain 5 mg/L of aluminum, no iron, and 50 mg/L of net acidity.
However, these assumptions should be verified after the clean and contaminated water have been
separated and water to be treated has been collected at NB12D.
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If these assumptions are correct, the treatment system for NB12D and NB13D will treat an
average of 48 gpm of water with 6 mg/L of aluminum and 70 mg/L of net acidity. High flow
rates will likely be between 70 and 100 gpm, but once again, this should be verified after NB12D
collection. This flow can be successfully treated using an alkaline amended wetland and an oxic
limestone polishing bed. While other types of passive treatment would also be successful, such
as a vertical flow pond or self-flushing unit, there is limited elevation difference between NB13D
and the treatment location. Therefore, an alkaline wetland is recommended.

Assuming a desired retention time of 48 hours at 48 gpm and 6 of water depth, approximately
37,000 square feet of wetland should be constructed. The wetland should contain 4 inches of
organic substrate that has been amended with 2 inches of limestone chips and planted with
wetland vegetation. A limestone polishing bed that contains 200 tons of limestone will provide
approximately 4 hours of retention at 48 gpm and will provide additional alkalinity to the system.
This system is expected to discharge water with 25 — 50 mg/L of net alkalinity and less than 0.5
mg/L of aluminum.

Tasks and costs associated with this project will include:

= Discharge collection and piping ($8,000)

= 37,000 square foot wetland ($40,000 construction)

= 450 CY compost ($9,000)

= 230 CY limestone chips (310 tons) in compost ($5,000 mixed and installed)
= 230 tons for oxic limestone in polishing bed ($5,000 installed)

» Mobilization, E&S control, site access ($8,000)

Therefore, the total cost for system construction and materials is estimated to be $75,000. In
addition, $20,000 is estimated for site mapping, design, permitting, and an O&M manual for the
site. Site mapping to a detailed level (1’ contour intervals) will be required due to the elevation
limitations. In addition, a stream encroachment permit may be necessary in order to build the
system close to the stream in the only area available for treatment. Therefore, a total system cost
of approximately $90,000 is anticipated.
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C. NBI5D

NBI15D discharges from a swampy impoundment near the stream (Photo 6). The discharge is
collected on an ATV trail and flows down this trail to the stream. The flow was measured using
the timed volume method from a pipe installed between the impoundment and the ATV trail.
Table 13 shows the flow, chemistry and loading from the discharge.

Loadin
Table 13: NB15D Flow, Chemistry and Loading (poundgJ per day)
Net Acid
Sample | Flow |Field| Cond |[(mg/L as| lron | Mn Al SO4 | TSS |Net
Date |[(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |lron |Al

05/20/02 20.3] 3.7 416 41 0.8 0.8 2.8 151 3] 10.00 0.2 0.7
06/18/02 7.5 4.5 410 49 1.6 0.8 2.0 197 5 44 0.1 0.2
07/10/02 2.0 3.5 971 1100 192 2.2 3.9 403 100 2.6] 0.5 0.1
08/07/02 15 34 830 87 17.9 1.9 2.4 428 14 157, 3.2 04
09/04/02 1.1 3.1} 1,178 124 26.5 3.1 5.8 590 15 1.7 04 0.1
10/08/02 3.00 44 595 28 0.1 1.4 2.3 288 1 1.0 0.00 0.1
11/08/02 0.5] 4.1 1,064 123]  17.0 2.6 6.7 569 6 0.7 0.1 0.0
12/17/02 7.0, 3.0 451 36 2.4 0.9 2.4 217 3] 3.0 02 0.2
02/06/03 0 0.0, 0.0 0.0
03/18/03 24.00 4.0 392 34 1.4 0.9 3.1 152 11 9.8/ 04 0.9
04/15/03 5.5 3.1 454 34 2.3 1.0 2.4 188 2l 2.0 0.1 0.1
Average 7.8 3.7 676 67 8.9 1.5 3.4 318 6l 4.6 05 03

NB15D ranked as the 14™ highest average contributor of acidity to the stream among known
discharges. On one sampling occasion, it ranked as the 7™ highest contributor. However, it
contributed less than 1% of the average total acidity, iron and aluminum loadings to the stream.

NBI15D was sampled at the discharge end of a long, narrow impoundment. This impoundment is
located in spoil and is partially caused by a road along the stream. The first recommendation for
this discharge is to remove the impoundment and allow the water to freely drain to the stream.
The effects of this work should then be monitored and the point sources of water to the former
impoundment can be identified. This work is expected to cost approximately $8,000, which will
be spent on heavy equipment time to remove the impoundment. This cost does not include post-
project monitoring, which is expected to cost approximately $400. This cost does not include
design or permitting, which are assumed to be not required.

Based on the results of the work, treatment of the discharge or reclamation of the area should
take place. Due to the uncertainties associated with the results of removing the impoundment, a
cost for this work is not given. However, based on the chemistry and flow rate of the current
discharge, a small alkaline wetland would provide appropriate treatment.
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D. NBI18D

NBI18D is a discharge from a spoil impoundment (Photo 7). The discharge flows to a small
drainage area that flows directly to the North Branch. This drainage is not a blue-line stream on
the USGS maps and thus was not assigned a tributary letter. The flow rate was measured using a
pipe installed at the outflow of the impoundment, which has been modified by beaver activity.
Table 14 shows the flow, chemistry and loading from this discharge.

Loading
Table 14: NB18D Flow, Chemistry and Loading (pounds per day)

Net Acid
Sample | Flow |[Field| Cond |(mg/L as| Iron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |[CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |lron |Al

05/20/02 73] 5.6 45 4 0.3 0.1 0.4 18 3 3.8 03 03
06/18/02 33 63 58 6 0.3 0.2 0.4 15 4 24 0. 0.2
07/09/02 0 0.0 0.0, 0.0
08/07/02 <l 5.7 45 6 1.0 0.2 0.5 4 31 0.00 0.0 0.0
09/04/02 0 0.0 0.0, 0.0
10/08/02 0 0.0 0.0, 0.0
11/08/02 0 0.0 0.0, 0.0
12/16/02 41 4.2 45 5 0.1 0.1 0.3 16 9 2.5 0.1 0.1
02/05/03 5 5.0 56 5 0.2 0.2 0.9 14 21] 03] 0.0 0.1
03/19/03 43| 5.2 46 2 0.2 0.1 0.6 12 5 L1 0.1 0.3
04/15/03 40, 5.3 49 2 0.1 0.1 0.2 17 4 1.0 0.1 0.1
Average 21] 53 49 4 0.3 0.2 0.5 14 11 1.0 0.1 0.1

NB18D is not a major contributor of pollution to the stream and contributed less than 1% of the
average acidity, iron, and aluminum loadings to the stream. Its rank for average acidity
contribution to the stream was 20™ but it ranked as high as 14™ on one occasion.

The flow rate is highly variable and is based on seasonal rainfall. The discharge is marginally
contaminated. The intermittent nature of the discharge suggests that it is highly dependant upon
precipitation and shallow groundwater. A deep groundwater source is not present. This type of
discharge usually responds well to reclamation. Due to its intermittent nature and limited
pollution loading, treatment of this discharge is not recommended. The treatment system would
have no impact on the water quality of the watershed when the discharge is dry.

The first recommendation for this discharge is to eliminate the impoundment. This will reveal
any seepage that is feeding the impoundment and prevent impounded water from contacting
spoil and possibly becoming more contaminated. This action alone may result in a remediated
discharge. This project is expected to cost approximately $8,000 assuming no design, mapping,
or permitting are required. An additional $400 would be required for post-project monitoring.

However, if the quality of the discharge is not affected, additional work may be necessary. This
may include treatment the discharge with an alkaline wetland or self-flushing limestone bed or it
may include reclamation of the surrounding area. Due to the highly variable flow rate,
reclamation should be the first alternative that is considered. Treatment systems provide no
treatment during times of now flow, but would be overwhelmed during flashy, high flow rates.
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E. NB31D and NB32D

NB31D and NB32D (Photo 8) appear to be originating from abandoned wells on the southwest
side of the stream. They each emerge less than 5 meters from the North Branch of Bear Creek
and flow directly to the stream. The flow rates at these discharges were measured using the
timed volume method from installed pipes. Tables 15 and 16 show the flow, chemistry and
loading from these discharges.

Loadin
Table 15: NB31D Flow, Chemistry and Loading (poundgJ per day)
Net Acid
Sample | Flow |Field| Cond |[(mg/L as| Iron | Mn Al SO4 | TSS |Net
Date |[(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |lron |Al
05/20/02 11 5.0 890 117 41.2 5.9 4.8 476 6| 14.7] 5.2 0.6
06/18/02 11 6.0 943 114 41.5 6.3 5.5 470 10 14.3] 5.2 0.7
07/09/02 8 5.1 984 130 454 7.2 6.6 558 3] 12.5] 44 0.6
08/07/02 6| 438 967 144 378 7.3 8.1 576 2| 104 2.7 0.6
09/04/02 4 3.7 1,005 156 48.6 7.7 9.6 567 31 7.5 23] 0.5
10/09/02 3] 4.4 1,000 149 40.9 7.0 8.0 632 20 45 121 0.2
11/08/02 3l 4.1 1,025 119 28.7 6.2 6.5 569 14 43 1.0 0.2
12/16/02 6| 32 885 126 32.7 5.6 5.3 345 1] 9.00 24 04
01/14/03 15 4.6 842 103  36.2 5.5 4.8 501 2| 18.6| 6.5 0.9
02/05/03 6 4.9 964 152 37.3 5.9 5.2 599 11 109 2.7 04
03/19/03 8 4.7 835 87 35.1 5.8 5.0 387 6 8.7 3.5 0.5
04/15/03 8 3.5 881 96| 319 6.3 5.4 542 6| 86 29 0.5
Average 7 45 935 124  38.1 6.4 6.2 518 5 103 3.3 05
Loading
Table 16: NB32D Flow, Chemistry and Loading (pounds per day)
Net Acid
Sample | Flow |Field| Cond |[(mg/L as| Iron | Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) [CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|Acid |lron |Al
05/20/02 2.6 3.7 975 124  36.0 6.2 3.9 440 3 39 1.1 0.1
06/18/02 2.5 4.7 998 177, 37.7 6.6 4.5 501 3l 531 1.1 0.1
07/09/02 20 39 1,074 134 10.6 4.1 0.5 583 4 32 03 00
08/07/02 2.5 3.8 1,060 141 36.0 7.2 4.9 621 1 42 1.1 0.1
09/04/02 2.0 3.1 1,066 147  43.7 7.4 5.8 639 5 3.5 1.0 0.1
10/09/02 3.00 43 990 145 41.5 6.7 5.6 600 3 52| 1.5 0.2
11/08/02 2.5 43 970 117, 383 6.1 4.4 612 50 3.5 1.1 0.1
12/16/02 40 238 925 124 329 5.8 4.0 485 4 60 1.6 02
01/14/03 1.5 3.5 914 118 38.5 5.9 3.9 507 3 2.1 0.7 0.1
02/05/03 1.00 3.7 930 126] 34.5 5.9 4.1 530 1 1.5 0.4/ 0.0
03/19/03 1.5] 3.4 910 97| 28.6 6.1 4.2 676 1 1.7 0.5 0.1
04/15/03 1.0, 3.2 1,024 104 269 6.6 4.6 568 70 131 03] 0.1
Average 2.2l 3.7 986 1290 33.8 6.2 4.2 563 3 35 09 0.1
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NB31D is the 12" highest average contributor of acidity loading to the stream. On various
sampling dates, the discharge ranked from the 8™ to 12™ highest contributor of acidity loading. It
generally ranked higher during dry months, when discharges that are mainly affected by surface
runoff decreased more dramatically in flow rate than this discharge. This indicates that NB31D
relies upon a fairly constant groundwater source for its flow.

NB32D ranked as the 15" highest average contributor to acidity loading to the stream. However,
in October 2002, the discharge ranked 9. On two other occasions, it ranked 11™ and 12" among
all sampled discharges. On average, it contributed 1% or less of the total acidity, iron, and
aluminum loading to the stream.

The nature of the discharges indicate that they may be abandoned wells. The location of the
discharges immediately adjacent to the stream severely limits the area available for treatment. In
addition, the presence of aluminum complicates any treatment that would take place. Therefore,
the recommendation for these discharges is to attempt to plug the sources of the water.

Well plugging should be performed by a qualified company that has demonstrated successes in
plugging this type of discharge. The project must be registered with the Oil and Gas
Management Division of the Meadville DEP office. Both wells should be plugged at the same
time in order to decrease mobilization costs. Access to the NB31D location should be relatively
easy as an existing road that is passable by 4-wheel drive vehicles passes within 40 meters of the
discharge. It will be necessary to cross the stream to access NB32D. The project should be
completed in a dry time of the year to facilitate easy access to the site by the drill rig.

The overall cost of this project is estimated to be approximately $24,000, assuming that both
wells are plugged at the same time. These costs include site access, well plugging registration
costs, and well plugging. In addition, follow-up monitoring and inspections of the site should be
performed by volunteers in order to determine the success of the plugging operation.
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F. NB36D and NB37D

NB36D (Photo 9) and NB37D (Photo 10) are adjacent discharges that emerge from small ravines
and flow directly to the North Branch. NB37D emerges approximately 50 meters upstream of

NB36D. Flow rate was measured using the timed volume method from an installed pipe at each
location. Tables 17 and 18 show the flow, chemistry and loading from these discharges.

Loading
(pounds per
Table 17: NB36D Flow, Chemistry and Loading day)
Net Acid
Sample Flow | Field | Cond | (mg/L as Iron Mn Al SO4 TSS |Net
Date (GPM) | pH (uS) | CaCO3) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |Acid |lronAl
05/20/02 77 3.2 946 185 13.7 1.9 13.1 367 31172.0{12.7]12.1
06/18/02 36 4.2 1,017 192 16.9 2.3 16.4 429 11 82.8) 7.3] 7.1
07/09/02 7 3.4 1,203 269 47.3 3.8 18.3 627 21 22.6/ 4.0 1.5
08/07/02 4 3.00 1,261 280 46.3 4.1 14.8 663 1] 13.8] 2.3 0.7
09/03/02 2l 23] 1,317 295 64.0 5.0 17.9 658 50 7.1] 1.5 04
10/09/02 1| 4.0 1,225 269 68.1 5.0 15.2 673 3] 2.4/ 0.6/0.1
11/08/02 1| 4.0 1,190 229 51.8 5.1 14.7 787 71 2.7 0.6/ 0.2
12/16/02 8 2.3 1,277 238 29.7 4.8 21.8 669 20229 2.9 2.1
01/14/03 12 3.00 1,266 224 24.4 3.1 17.0 479 11 32.2] 3.5/ 2.4
02/05/03 70 3.3 1,356 314 43.2 4.1 22.3 769 6] 26.4] 3.6/ 1.9
03/19/03 1000 3.5 840 95 6.3 1.6 10.6 438 3[113.9] 7.5]12.7
04/15/03 13] 3.0 951 174 22.1 2.7 14.9 493 5/27.1] 3.5/ 2.3
Average 22 33 1154 230, 36.2 3.6 16.4 588 4 43.8 4.2/ 3.6
Loading
(pounds per
Table 18: NB37D Flow, Chemistry and Loading day)
Net Acid
Sample | Flow |Field (mg/Las | Iron Mn Al SO4 TSS |Net
Date (GPM) | pH |Cond (uS)| CaCO3) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |Acid |lIronjAl
05/20/02 64 2.7 1,715 547 81 4.0 353 621 4422.0[62.127.2]
06/18/02 50 3.1 1,469 441 50 4.2 35.8 554 1263.4/30.121.4
07/09/02 39 3.1 1,563 487 61 3.9 33.5 772 1227.8|28.7]15.7
08/07/02 21 2.6 1,702 542 73 3.2 28.0 733 11136.6/18.5] 7.1
09/03/02 8 1.8 2,262 1,144 224 4.2 70.2 1,272 5102.9120.2] 6.3
10/09/02 2 3.6 2,241 1,209 224 4.7 84.8 1,346 1] 29.0] 5.4/ 2.0
11/08/02 3l 3.6 2,153 966 180 4.5 74.3] 1,341 4/ 29.0 5.4/ 2.2
12/16/02 12l 1.5 1,916 629 95 3.8 43.2 726 4/ 90.6/13.7] 6.2
01/14/03 300 2.4 1,758 482 64 3.9 34.0 659 2|173.622.9]12.2
02/05/03 21 2.9 1,644 547 58 3.8 354 730 13]137.7|14.7| 8.9
03/19/03 35 2.7 1,500 379 44 3.8 34.3 962 1]1159.2]18.4/14.4
04/15/03 35 25 1,463 351 37 4.0 31.4 651 2|147.5/15.413.2
Average 27 27 1,782 644 99 4.0 45.0 864 31159.921.3111.4
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NB36D is the 5™ highest average contributor of acidity. On various occasions, it ranked from 4™
to 13" among all known discharges in acidity loading contribution.

As shown in Table 17, the flow rate of NB36D varies greatly. The quality of the discharge
shows some correlation to flow rate, with worse water quality at low flows, but this correlation is
not a strong one. This indicates that the discharge is not receiving clean runoff directly but rather
that it has a deeper groundwater source or that any runoff that is directed to this point becomes
quickly contaminated before reaching the discharge.

NB37D is a highly contaminated discharge that ranked 2™ in average acidity contribution of all
known discharges. On 4 of the sampling events, it ranked as the highest contributor of acidity
loading. On other occasions, it ranked as low as the 5™ highest contributor.

The quality of this discharge is significantly affected by the flow rate, with worse water quality
at low flow than at high flow, indicating some dilution is occurring during high flow events.
However, even at the highest flows measured, the discharge has high levels of acidity, iron and
aluminum.

These discharges may be affected by Phase 1 and Phase 2 of the proposed reclamation efforts of
the “Young Mine Complex.” These efforts are described in detail in Section V Part B. After
each phase, the effects on NB36D and NB37D should be assessed through monitoring.

If additional improvement of these discharges is necessary, alternatives may include intensive
reclamation and alkaline addition on 4 acres surrounding the discharges, or collecting the
discharges and piping them to a treatment location somewhere down stream. Due to the
uncertain effects of Phase 1 and Phase 2, a cost for this work cannot be estimated.
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VII. Tributary D: Discharge-Specific Treatment Recommendations

Four discharges were located and sampled on Tributary D. However, in-stream sampling
indicates that more pollution is present at the mouth than has been accounted for by these
discharges. It is likely that the majority of this additional pollution reaches the stream as
contaminated base flow from unreclaimed surface mines which occur on both sides of Tributary
D, particularly in the lower portion of the tributary.

However, because so few discharges were located on Tributary D, treatment of those discharges
should be pursued. A limited monetary investment in this tributary should result in significant
recovery of the tributary itself. Treatment of the known discharges should be followed by a re-
evaluation of the tributary to determine if these efforts have successfully restored the tributary or
if reclamation of the spoil areas is required.

A. NBDI10D

NBD10D was sampled at the outlet of a beaver dam located between two spoil piles (Photo 11).
The beaver dam appears to be abandoned. The dam impounds water against an unreclaimed
surface mine highwall. Springs and seepage from the highwall fill the pit and discharge through
the dam. Flow was measured using a 6” H-flume installed at the pond outlet. Table 19 shows
the flow, chemistry and loading of NBD10D.

Loadin
Table 19: NBD10D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |[CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |Iron Al

05/20/02 4.8 303 24 0.4 0.9 2.9 147 1
06/18/02 110, 5.4 367 33 0.6 1.1 43 200, 7| 44.00 0.8 5.7
07/09/02 28] 4.2 478 37 1.5 1.7 3.7 229 40 12.5] 0.5 1.2
08/07/02 350 4.1 370 22 1.8 1.3 1.6 101 2l 94 0.8 0.7
09/04/02 18] 3.2 502 37 5.2 2.5 1.3 242 11 79 1.1 0.3
10/09/02 200 44 500 28 2.5 2.8 1.8 265 2l 6.8 0.6 0.4
11/08/02 300 4.5 682 43 5.5 3.9 3.8 371 5| 15.3] 2.00 14
12/16/02 95| 4.2 133 6 0.7 0.4 0.6 60 13] 7.00 0.8 0.6
02/05/03 40 5.2 268 18 1.6 0.9 1.4 156 3] 8.8 0.8 0.7
03/19/03 160 5.4 229 13 0.5 0.6 2.0 94 1] 244 0.9 3.9
04/15/03 75 44 375 29 0.6 1.2 4.2 214 2| 25.8] 0.5 3.8
Average 61 45 382 26 1.9 1.6 2.5 189 4 162l 0.9 19

NBD10D is the worst known discharge to Tributary D and ranks 10™ overall in average acidity
loading contribution to the stream. On various sampling events, the discharge ranked from 6™
highest to 11™ highest in acidity loading contribution. The other known discharges to Tributary
D never ranked higher than 14™ in acidity loading contribution.
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The chemistry of the discharge is fairly consistent over a range of flow rates, indicating that it is
not caused by shallow groundwater or runoff from rainfall events. Compared to many of the
discharges in the North Branch watershed, this discharge has moderate levels of acidity and
aluminum.

The first step in dealing with this discharge should be to remove the beaver dam and drain the
impoundment. This will allow direct access to the discharges that are feeding the impoundment
and may reduce the pollution caused by this discharge. Currently, seeps to the impoundment are
retained next to the highwall and adjacent spoil, which may be adding to the pollution of the
discharge. Allowing the water to freely drain may result in a less polluted discharge. The cost to
remove the dam, assuming that no permits or design are required, is estimated at $5,000.

After the dam is removed, the resulting discharge should be reevaluated for flow rate and quality
to assess any changes. Assuming that the flow and chemistry remain relatively constant (or if
removal of the dam is not feasible), an alkaline-amended wetland and limestone polishing bed
comprise the recommended treatment system.

Assuming retention of the 90" percentile flow (115 gpm) for 24 hours and a wetland depth of 6
inches, the wetland should cover approximately 1 acre. At the average flow of 61 gpm, this
system will have a retention time of 45 hours. The wetland should contain 4 inches of organic
substrate that has been amended with 2 inches of limestone chips and planted with wetland
vegetation.

The wetland should outlet through a bed of AASHTO #1 limestone. 230 tons of limestone will
retain 115 gpm for 2 hours. The average flow rate of 60 gpm will be retained for approximately
4 hours. The purpose of this limestone bed is to add additional alkalinity. This alkalinity will
help to offset acidic baseflow that is entering the stream elsewhere.

Tasks and costs associated with this project will include:

= 44,300 square foot wetland ($45,000 construction)

* 550 CY compost ($11,000)

= 275 CY limestone chips (370 tons) in compost ($6,500 mixed and installed)
= 230 tons for oxic limestone in polishing bed ($5,000 installed)

= Mobilization, E&S control, site access ($8,500)

Therefore, the total cost for system construction is estimated at $81,000 including beaver dam
removal. In addition, $16,000 is estimated for mapping, design, and permitting, which is
expected to be minimal. Therefore, the total system cost is estimated at $97,000.

The final discharge from the system should contain 40 — 80 mg/L of net alkalinity, iron less than
1 mg/L and aluminum less than 0.5 mg/L.
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B. NBD40D

NBD40D emerges near the top of a cultivated field and flows down a limestone-lined channel
(Photo 12). Previously, the discharge had been routed through a small pond (Photo 13), but it is
currently being diverted around the pond. Flow was measured using the timed volume method
from an installed pipe. Chemistry samples were gathered at the discharge point in the channel.
Table 20 shows the flow, chemistry and loading of this discharge.

Loadin
Table 20: NBD40D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| Iron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) [CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |Iron Al
05/21/02 60 7.0 248 -37 8.1 1.6 0.0 92 6| -26.6 5.8 0.0
06/18/02 400 7.2 269 -30 6.1 1.7 0.1 54 6| -144 2.9 0.0
07/09/02 11 6.4 246 -11 18.5 3.3 0.0 48 4 -1.5] 2.4 0.0
08/07/02 7 6.1 267 -24 15.0 2.9 0.0 58 2l -1.9 1.2 0.0
09/04/02 5| 5.7 257 -21 19.6 33 0.0 47 4 -1.3] 1.2] 0.0
10/08/02 2l 59 260 -12 19.3 3.1 0.0 64 6 -0.3] 0.5 0.0
11/08/02 5 6.0 294 -3 18.5 3.3 0.0 72 § -0.21 1.1 0.0
12/16/02 45 5.7 272 -21 8.2 1.3 0.2 42 12| -11.5] 4.4 0.1
01/13/03 12| 5.6 314 -1 10.2 2.0 0.1 59 1] -0.1] 1.5 0.0
02/05/03 12| 5.8 293 12 13.9 2.2 0.1 64 2l 1.8 2.00 0.0
03/18/03 54 6.1 202 -18 6.3 1.2 0.2 24 3] -11.5| 4.1] 0.1
04/15/03 24 6.2 271 -19 16.3 2.7 0.0 57 3l -5.60 4.7 0.0
Average 23 6.1 266 -15 13.3 2.4 0.1 57 5 -6.1 2.7 0.0

Because it is net alkaline with low aluminum, this discharge does not rank highly as a contributor
of loading. However, at times the discharge ranks as high as 5 in iron loading (it’s average rank
for iron loading is 10™). It contributes, on average, 3% of the iron loading to the stream.

Because this discharge is weakly net alkaline with low metals concentrations, an alkaline-
amended wetland is recommended. Additional alkalinity provided by the wetland will benefit
the receiving stream by providing buffering capacity. The system should discharge water with 50
— 80 mg/L of net alkalinity (-50 — -90 mg/L net acidity) and less than 1 mg/L of iron.

Using 50 gpm as a design flow rate and a desired retention time of 24 hours, a 20,000 square foot
wetland should be constructed. The wetland should be divided into two cells so that one cell can
be taken off line if maintenance is needed. The wetland should contain 6 inches of water over 6
inches of alkaline-amended soil or compost as wetland substrate. The wetland should be seeded
and/or planted with wetland plants. The current pond could be modified and expanded to
construct this wetland. Given the relatively low iron loading of the discharge, the wetland will
accumulate iron at a rate of less than 0.05 inches per year.

Assuming that a wetlands disturbance permit or stream encroachment permit are not required,
this project is estimated to cost a total of approximately $40,000, with $28,000 for construction
and $12,000 for mapping, design, permitting and construction oversight of the project.
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C. NBD50D and NBD51D

NBDS50D and NBD51D emerge near each other just off the road. Their flows combine before
entering a large pond. The pond discharges to the headwaters of Tributary D. Because early
sampling indicated that they were not major contributors of pollution to the stream, they were
sampled only 5 times during the assessment. Flow at each station was measured using the timed
volume method from installed pipes. Tables 21 and 22 show the flow, chemistry and loading
from the discharges.

Loadin
Table 21: NBD50D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lIron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |[CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |lron Al
05/21/02 20 64 117 221 12.0 0.9 0.0 13 9] -0.5] 0.3 0.0
06/18/02 1.5 7.0 120 -30  10.6 0.9 0.0 14 9] -0.5] 0.2] 0.0
10/08/02 0.3] 5.9 105 -21 40.3 1.2 0.1 12 7] -0.1 0.1] 0.0
01/13/03 0 0.0 0.0 0.0
03/18/03 0 0.0, 0.0l 0.0
Average 0.8 6.4 114 -24]  21.0 1.0 0.1 13 8 -02 0.1 00
Loading
Table 22: NBD51D Flow, Chemistry and Loading (pounds per day)
Net Acid
Sample | Flow [Field| Cond |(mg/L as| Iron | Mn Al SO4 | TSS |Net
Date |(GPM)| pH (uS) [CaCO3) |(mg/L)|(mg/L)|[(mg/L)|(mg/L) |(mg/L)|Acid |Iron Al
05/21/02 56 5.6 110 4 1.5 0.1 0.2 18 5. 27 1.0 0.2
06/18/02 47 6.2 150 -3 1.3 0.1 0.1 16 20 -1.7] 0.7 0.0
10/08/02 8 5.2 113 9 8.4 0.6 0.1 37 2) 0.8 0.8 0.0
01/13/03 350 5.4 128 7 1.7 0.1 0.1 14 1] 3.1 0.7 0.0
03/18/03 40, 5.5 120 4 1.4 0.1 0.1 12 1] 22 07 0.1
Average 37 56 124 4 2.9 0.2 0.1 19 2l 14/ 0.8 01

NBDS50D and NBD51D are marginally polluted discharges that contribute less than 1% each of
the average acidity, iron and aluminum loadings to the stream. Additionally, they flow to a large
pond, where retention with uncontaminated water provides alkalinity and settling time for the
low concentrations of iron in these discharges. Therefore, no action on these discharges is
recommended at this time and they have been assigned a priority of “Low.”

However, if treatment of these discharges is desired in the future, an alkaline-amended wetland is
recommended. The size and configuration of this wetland should be similar to the one proposed
to treat NBD40D.
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VIII. Tributary E: Discharge-Specific Treatment Recommendations

Eight discharges were identified and sampled on Tributary E, which drains the largest area of all
of the lettered tributaries (2.8 square miles). Three of the top 8 known discharges to the North
Branch are located on this tributary. Treatment of these discharges is necessary in order to
recover both the tributary and the North Branch.

A. NBEO3D

NBEO3D discharges from a beaver pond that has partially inundated a strip cut. The discharge
was sampled and flow was measured at the discharge from the pond. Table 23 shows the flow,
chemistry and loading from the discharge.

Loadin
Table 23: NBEO3D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |[Field| Cond [(mg/L as| Iron Mn Al SO4 | TSS |Net
Date |[(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |lron Al

05/20/02 33] 5.6 195 -7 0.3 0.2 0.1 83 1] -2.8 0.1 0.0
06/18/02 45 6.8 193 -7 2.1 1.1 0.1 78 6 -3.8 1.2 0.0
10/09/02 3] 58 279 -8 8.2 2.0 0.0 125 2| -0.3] 0.3 0.0
01/14/03 12 6.0 258 -9 2.4 1.9 0.2 80 2| -1.2[ 0.3] 0.0
03/19/03 45| 5.8 176 -1 1.5 1.5 0.3 56 300 -0.5] 0.8 0.2
Average 28 6.0 220 -6 2.9 1.3 0.1 84 8 -1.7/ 0.5 0.1

NBEO03D is net alkaline and thus does not contribute to the acidity loading of the stream. It
contributes and average of less than 1% of the iron and aluminum loading to the stream. Early
sampling determined that this discharge would not be a major contributor, so it was only sampled
on 5 occasions.

Due to the extremely low concentration of iron in this discharge, no action is recommended at
this time. If action is someday desired, the beaver dam should be removed to allow free drainage
from the spoil. Retention of the discharge in a small pond or wetland should be sufficient to
remove the low levels of iron that are present. Increasing the alkalinity would also aid in
buffering the stream.
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B. NBE28D and NBE29D

NBE28D and NBE29D are located near the end of Dean Lane off of Route 38 within 30 meters
of one another. Due to their proximity and common treatment recommendation, these discharges
are discussed together. NBE28D emerges at the toe of a spoil area and flows in a steep ravine to
Tributary E (Photo 16). NBE29D emerges just below the toe of a road bank that leads from
Dean Lane to an illegal dumping area (Photo 17). The discharge emerges as many diffuse seeps
and flows to Tributary E in several locations. At each discharge, flow was measured using the
timed volume method at an installed pipe. Table 24 shows the flow, chemistry and loading from
NBE28D. Table 25 shows the flow, chemistry and loading from NBE29D.

Loading
(pounds per
Table 24: NBE28D Flow, Chemistry and Loading day)
Net Acid
Sample | Flow |Field| Cond |(mg/Las| Iron Mn Al SO4 TSS |Net
Date |[(GPM)| pH (uS) [ CaCO3) |(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |Acid [IronlAl
05/21/02 22| 3.0 2,817 882 27.9 717.5 102 1,706 11232.8] 7.4/26.9
06/19/02 17, 4.1 2,865 987 31.9 80.8 104 1,368 4/197.7] 6.4/20.9
07/10/02 8 3.3 3,165 886 37.7 90.0 113 2,029 1] 85.1] 3.6/10.9
08/08/02 9 3.00 3,120 963 47.5 77.8 96 2,026 4/104.0] 5.1]10.4
09/04/02 § 2.1 2,981 997 56.4 83.0 112 2,299 6] 89.7| 5.1/10.1
10/08/02 50 33 2,793 866 53.6 67.8 104 2,274 5 46.8] 2.9 5.6
11/08/02 7 39 2,502 820 58.9 60.7 92| 1,986 17] 66.4 4.8 7.5
12/16/02 18] 2.0, 2246 635 40.4 56.2 83 1,409 6/137.2| 8.7/18.0
01/14/03 151 2.8 2818 856 44.0 76.3 118 2,023 6/154.1] 7.9]21.3
02/06/03 100 3.5 2,820 987 47.2 78.0 117] 2,320 6/118.5] 5.7/14.1
03/18/03 16 2.9 2,590, 715 16.8 67.3 104 2,491 4137.4] 3.2/20.0
04/15/03 8 2.6 2,927 829 18.6 79.8 99 2,508 4, 74.6/ 1.7 8.9
Average 12| 3.0 2,804 869 40.1 74.6 104, 2,037 5[120.4] 5.2/14.5
Loading
(pounds per
Table 25: NBE29D Flow, Chemistry and Loading day)
Net Acid
Sample | Flow |Field (mg/L as| Iron Mn Al SO4 TSS |Net
Date |[(GPM)| pH |Cond (uS)| CaCO3) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |Acid |Iron |Al
05/21/02 90| 3.3 1,390 394 104 2771  46.2 734 31426.0] 11.2/49.9
06/19/02 55| 4.3 1,493 487 10.7,  30.1 57.0 713 4/323.9] 7.1|37.9
07/10/02 200 3.6 1,600 446 20.9 32.7 55.4 807 3/107.0] 5.0[13.3
08/08/02 17, 3.1 1,554 428 21.5 32.0 43.5 971 1] 84.8] 4.3] 8.6
09/04/02 9 24 1,512 445 28.7] 29.6] 47.2 983 1| 48.00 3.1 5.1
10/08/02 6 34 1,444 393 26.6]  25.7  40.9 999 2| 283 1.9 2.9
11/08/02 9 3.9 1,383 336 35.2 24.8 39.0 814 4 36.3] 3.8 4.2
12/16/02 211 2.2 1,430 374 44.3 26.9 43.4 919 12| 94.3] 11.2/10.9
01/14/03 300 3.2 1,422 405 29.1 27.7 49.5 771 2(145.8/ 10.5/17.8
02/06/03 21 3.6 1,733 567 31.3 28.8 50.3] 1,113 13[142.9] 7.9/12.7
03/18/03 79 33 1,353 368 12.3 26.2|  54.3] 1,085 4{348.9/ 11.6/51.5
04/15/03 35 3.1 1,393 375 11.8 28.9 50.6 870 2(157.3] 4.9121.2
Average 331 3.3 1,476 418 23.6] 284 48.1 898 4{162.0] 6.9/19.7
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NBE28D ranked as the 3™ average contributor of acidity loading to the watershed. On each of
the sampling dates, NBE28D ranked from the highest acidity load contributor to the 4™ highest
contributor. NBE29D ranks as the highest average contributor of acidity loading to the stream.
On the various sampling dates, NBE29D ranked from 1% to 3™ in acidity loading to the stream.
Together, these discharges supplied an average of 37% of the acidity loading that was measured
from all known discharges.

Neither the chemistry nor the flow rates of these discharges vary significantly, indicating that
their sources are not shallow groundwater or runoff from precipitation events. Therefore,
reclamation in the area surrounding the discharges is unlikely to be effective. The water quality
is extremely poor, with average acidity over 800 mg/L and aluminum values over 100 mg/L for
NBE28D and 400 mg/L acidity and nearly 50 mg/L aluminum for NBE29D.

Although a few experimental passive treatment systems have been installed to treat water that is
nearly as polluted as these discharges, the successes of these systems have been variable and
their service lives have, in some instances, been extremely short. Other experimental systems,
such as self-flushing open limestone beds and sulfate reducing bacteria systems, have shown
promising results at the pilot-scale level but little is known about their success in full-scale
and/or long-term treatment.

Due to the unproven nature of passive treatment for this type of discharge, the recommended
treatment approach is to use a chemical treatment system. Penreco alkali liquor is a cost-
effective solution and can be delivered to the site for little or not cost. NBE28D and NBE29D
should be combined and treated in a common treatment facility.

Considering the average combined alkalinity loading requirement of the two discharges that will
result in a discharge with 100 mg/L of net alkalinity (336 pounds per day) and the average
alkalinity of the alkali liquor (90,000 mg/L as CaCO3), approximately 0.3 gpm (450 gallons per
day) of the liquor would be needed. However, this would vary from 0.08 gpm (116 gallons per
day) to 0.7 gpm (1,050 gallons per day) depending upon the combined flow rate of the
discharges.

Figure 8 shows the acidity loading versus flow rate for each discharge and for the combination of
the two discharges. As shown, the loadings increase linearly with flow rate and have a good
correlation. Therefore, it will be beneficial to meter the alkali liquor into the treatment system
based on flow rate, with approximately 0.008 gpm of liquor for each gallon per minute of
discharge flow rate. Laboratory titration tests indicate that this dosing ratio will ensure a
discharge that has approximately 100 mg/L of excess alkalinity. Aluminum levels will be
completely removed if proper retention time is provided.

The ideal treatment system would contain:
e achemical holding tank (or several smaller tanks) with a total of 25,000 gallons of
capacity for alkali liquor ($30,000)
e A metering device such as a water wheel that will provide the proper amount of
treatment chemical even with changing flow rates ($2,000)
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e 4 treatment ponds with a total capacity of 500,000 gallons ($25,000)
e A sludge disposal pond ($10,000)

An additional $10,000 is estimated for pipes, valves, and site security materials, bringing to total
cost to construct the system to $77,000.

One large unknown factor for this treatment recommendation is the permitting costs. In the past,
the requirements to permit such a system have varied widely. If minimal permitting is required,
design, engineering, permitting and an O&M Manual for the site would cost approximately
$15,000. However, these costs could rise substantially, even doubling or tripling, if more
extensive permitting is required. The permitting and regulatory requirements that the DEP has
for this type of system should be determined as quickly as possible.

The large sludge ponds will provide retention time for the flow rate and provide storage for
388,000 gallons of sludge per year. The ponds will need to be cleaned out on a yearly basis for
an estimated cost of $7,500. This cost assumes that sludge disposal occurs near the site, possibly
in one of the abandoned pits above the current discharge location.

Another yearly investment would be for site monitoring, inspections, and adjustments to the
dosing system. It is assumed that volunteers will perform this work. Two or three visits to the
site, lasting less than 1 hour each, may be required. The purpose of these visits will be to ensure
that the dosing system is working properly and that the site is functioning as designed.

In summary, the capital costs to construct the system are estimated to be at least $92,000, and
may increase substantially depending upon the requirements of the DEP and other regulatory
agencies. Yearly sludge costs are estimated at $7,500, with additional costs associated with site
visits and monitoring. These costs will be covered by volunteers.

By contrast, a passive treatment for this site would cost $250,000 - $400,000 to construct and
would likely require significant operation, maintenance, and replacement costs in a relatively
short time because of the extremely polluted nature of the discharges. The system would likely
be larger than the proposed chemical system. Because of these factors, passive treatment is not
recommended at this site.
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C. NBE52D

NBES52D is a spring that emerges from the northern stream bank of Tributary E (Photo 18).
Flow was measured using the timed volume method from an installed pipe. Table 26 shows the
flow, chemistry and loading from the discharge.

Loadin
Table 26: NBE52D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |Iron Al

05/21/02 60| 4.3 582 66 0.0 7.4 7.7 293 2| 47.2 0.0 5.6
06/19/02 35| 44 700 89 0.1 8.8 9.9 365 6| 37.5 0.0, 4.2
07/10/02 100 4.3 688 81 0.00 105/ 104 361 1] 9.8 0.0 1.2
08/08/02 15 4.0 658 83 0.0 10.0 7.5 376 1] 149 0.0 1.4
09/04/02 4 3.5 718 90 0.1 11.4 11.6 382 1] 3.8 0.0 0.5
10/08/02 5| 4.2 737 98 0.0 11.4 11.7 507 1] 53] 0.0 0.6
11/08/02 6 4.6 754 89 0.0 114 128 415 6l 6.4 0.00 0.9
12/16/02 26| 3.2 630 68 0.0 9.5 9.0 364 9| 214 0.0 2.8
02/06/03 15 4.2 740 95 0.0 109 124 448 1] 17.1] 0.0 2.2
03/18/03 53] 4.2 535 47 0.1 6.9 7.8 366 31 2990 0.0 4.9
04/15/03 300 3.9 651 63 0.0 9.6 10.0 414 4, 22.8] 0.0 3.6
Average 23 4.1 672 79 0.0 9.8 10.1 390 3| 19.60 0.0 25

NBE52D ranked as the 8" highest average contributor of acidity loading to the stream. On the
various sampling dates, it ranged from being the 6 highest to the 10™ highest contributor of
acidity loading of the known discharges.

The discharge is moderately contaminated with acidity and aluminum. The chemistry of the
discharge is suitable for treatment using a variety of passive treatment systems, including an
alkaline-amended wetland and limestone polishing bed, a vertical flow pond system, or a
limestone bed self-flusher. The most cost-effective system is a limestone self-flushing unit
followed by a settling pond and a wetland. However, design information on a vertical flow pond
system is also provided as an alternative.

Approximately 200 tons of limestone is required for the self-flushing system. Tasks associated
with this project should include:

Site access ($5,000)

Collection, transfer, and upslope diversion channels ($5,000)
200 tons of limestone ($3,000)

Self-flushing device, including installation ($8,000)

4,000 square foot sediment pond ($5,000)

5,000 square foot alkaline wetland ($7,000)

Mobilization, E&S Control ($5,000)
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Therefore, the total material and construction cost for this project is estimated at $38,000. An
additional $12,000 would be required for mapping, design, and an O&M manual. This cost also
includes permitting, which is anticipated to be minimal. The total cost of the system is $50,000.

Water should be collected and directed to the limestone bed. Each time the bed fills, the flushing
device causes all of the water in the limestone to be immediately released to the sediment pond,
which is sized to hold 12 full flushes. An outflow control device will slowly release water from
the retention pond, preventing large surges of water from reaching the wetland. Final polishing
and some increased alkaline addition will occur in the wetland. At 50 gpm, the total system will
have a retention time of 32 hours.

This system should be inspected weekly to ensure that it is working properly. No other regular
O&M is anticipated. Each year, the system will consume 4 tons of the limestone in the 200-ton
bed, resulting in a 2% reduction in retention time each year. Therefore, additional limestone
should be added periodically. One tri-axle load of limestone (23 tons) should be placed every 5
or 6 years, with an anticipated cost of approximately $400.

If a limestone self-flusher is not desired, it would also be acceptable to construct a vertical flow
pond system that would include 2 VFPs, a flush pond, and a polishing wetland. No compost
would be necessary because there is no iron in this discharge. This system would contain
approximately 850 tons of limestone and cost approximately $110,000 to construct based on
similar systems that have recently been constructed. It would require regular inspections and
flushing events to remove precipitated aluminum.

Due to cost and maintenance issues, the self-flushing system is recommended.
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D. NBE60OD

This discharge originates from a pipe at the base of reclaimed mine slope. This discharge was
located during watershed reconnaissance and sampled at that time. However, the landowner
adamantly refused to allow additional flow or chemistry sampling. Therefore, only one water
quality sample exists. Table 27 shows this data.

Table 27: NBE60D Chemistry

Net Acid
Sample | Flow |[Field|Cond |(mg/L as| Iron Mn Al S04 TSS
Date |[(GPM)| pH | (uS) | CaC03) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
05/21/02 4.0 388 52 0.2 6.4 4.6 189 1

On the date of sampling, a visual estimate of 150 gpm was made. If this visual estimate was
accurate, the discharge would have ranked 5" or 6" in acidity loading on that sampling date.

Nothing else is known about the flow or chemistry variation of this discharge. More sampling of
both flow and chemistry must take place before final treatment recommendations can be made.

Based upon this one chemistry sample, passive treatment is certainly an option for this discharge.
An alkaline-amended wetland would be capable of treating the acidity and metals contained in
this discharge, but the area required for such a system may be quite large depending upon the
treatment flow rate. A vertical flow pond system could also be used but, once again, the system
may be quite large depending upon flow rate.

A limestone bed containing limestone and operated by a self-flushing siphon followed by a
retention pond is another viable option. The limestone in these systems generally has a low
retention time, resulting in a smaller system as compared to ALDs and VFPs.

Each of these treatment recommendations will have to be reevaluated for cost and size
requirements when more data is collected.
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E. NBE62D

NBEG62D originates in a very steep ravine that leads directly to the stream. The ravine may lead
to an old mine opening. At the discharge location (Photo 19), the ravine is stained orange, but
the color clears up before the water reaches the stream (Photo 20). The flow was measured using
a pipe installed in the discharge. Table 28 shows the flow, chemistry and loading of the

discharge.
Loading
(pounds per
Table 28: NBE62D Flow, Chemistry and Loading day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) [CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|Acid [Iron Al
05/21/02 4, 6.1 356 -39 7.2 2.1 0.0 80 9 -19/ 0.3] 0.0
06/19/02 30 6.2 303 -29 2.9 1.6 0.0 96 3] -10.3] 1.0 0.0
10/08/02, 18 6.0 345 -25 6.4 2.1 0.0 131 1] -5.5| 14 0.0
01/14/03 250 6.0 449 -36 3.5 1.8 0.1 105 21 -10.9] 1.1 0.0
03/18/03 26 5.9 286 -15 2.4 1.0 0.0 86 31 4.5 0.7 0.0
Average 200 6.0 348 -29 4.5 1.7 0.0 100 4 -6.6/ 0.9 0.0

NBEG62D is net alkaline and thus does not contribute acidity loading to the stream. It contributes
on average less than 1% of the iron and aluminum loading to the stream. The discharge is
moderately contaminated with iron, which causes the orange staining in the ravine. However,
because the discharge is clear before it reaches the stream, it can be assumed that the ravine is
removing all of the iron. Therefore, no additional work is necessary on this discharge at this

time.
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F. NBE75D

NBE75D is an artesian upwelling located between two branches of Tributary E (Photo 21). The
discharge emerges less than 5 meters from the stream and has created a large iron deposit that
extends into the stream. The flow was measured using the timed volume method by directing the
flow to an installed pipe. Table 29 shows the flow, chemistry and loading from this discharge.

Loadin
Table 29: NBE75D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |lron Al

07/10/02 8 5.9 417 13 433 7.5 5.4 157 5 1.2 42| 0.5
08/08/02 8 5.8 420 15 9.1 4.0 0.6 182 2| 1.3 0.8 0.0
09/04/02 9 5.0 414 12 9.9 4.2 0.3 185 2l 1.3 1.1] 0.0
10/08/02 5| 5.7 400 14 7.9 4.0 0.4 154 2l 0.8 0.5 0.0
11/08/02 5 53 397 14 5.3 3.9 1.0 187 5 0.8 0.3 0.1
12/16/02 8 4.7 385 21 7.3 4.2 2.9 188 18] 2.1 0.7 03
01/14/03 3] 53 492 32 6.8 4.1 2.7 220 14 1.1 0.2 0.1
02/06/03 6 5.5 382 18 8.8 4.1 2.1 199 1 1.3] 0.6/ 0.2
03/18/03 11 5.2 360 21 5.4 4.2 2.9 145 50 2.8 0.7] 0.4
04/15/03 6| 52 366 14 5.8 4.2 2.2 190 100 1.1 04 0.2
Average 7 54 403 17, 10.9 4.4 2.0 181 6] 14 1.0 0.2

NBE75D ranked as the 18" average contributor of acidity loading to the stream. It contributed
less than 1% of the average acidity, iron and aluminum loadings to the stream. Its highest rank
during the sampling events was as the 14™ highest contributor of acidity loading of the known

discharges.

Although the chemistry of this discharge is amenable to very reliable passive treatment using an
anoxic limestone drain or alkaline-amended wetland, there is no room available for treatment
pond or wetlands. Additionally, the discharge does not appear to be emerging from an
abandoned well, removing plugging as a potential option. Therefore, no recommendations are
provided for this discharge, which has is a minor contributor of acidity and iron.
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G. NBES8ID

NBESI1D is a discharge that forms the headwaters of one branch of Tributary E (Photo 22). The
discharge emerges near an abandoned pump station but does not appear to be a result of those
activities. Flow was measured using a 6 H-flume installed at the discharge. Table 30 shows the
flow, chemistry and loading of the discharge.

Loadin
Table 30: NBESI1D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |Iron Al

05/21/02 5.7 120 7 0.2 0.0 0.2 21 8
06/19/02 75 6.2 113 1 0.1 0.0 0.1 21 3] 1.3] 0.1 0.1
07/10/02 8 5.6 85 0 0.1 0.0 0.0 16 2l 0.0 0.0 0.0
08/08/02 9 5.7 103 3 0.4 0.2 0.3 20 1] 04 0.0 0.0
09/04/02 0 0.0 0.0 0.0
10/08/02 0 0.0 0.0 0.0
11/08/02 0 0.0, 0.0, 0.0
12/16/02 700 4.9 96 4 0.1 0.1 0.1 21 5 3.2 0.1 0.1
01/14/03 500 5.3 121 4 0.0 0.0 0.1 18 2| 2.6 0.0 0.0
02/06/03 200 6.0 178 8 0.1 0.0 0.2 29 2l 1.8 0.00 0.1
03/18/03 2100 5.2 87 2 0.1 0.1 0.1 16 3] 6.1] 0.1 0.4
04/15/03 500 5.2 115 1 0.0 0.0 0.1 22 2l 0.5 0.0 0.0
Average 45 5.5 113 3 0.1 0.1 0.1 20 3 14 00 0.1

NBES81D ranked as the 16" highest average contributor of acidity loading to the stream,
contributing less than 1% of the average acidity, iron and aluminum loading. The flow rate of
the discharge is intermittent, with no flow measured during 3 of the sampling events. The
discharge is marginally contaminated, with very low metals and net acidity values. However,
because it forms the headwaters of the tributary, the entire stream would benefit if the net acidity
could be removed and additional alkalinity added to the stream.

Creating an alkaline limestone pond in the abandoned beaver ponds below the discharge will
provide alkalinity to the entire tributary downstream of this location. Using the average flow rate
of 45 gpm and a target retention time of 10 hours, 450 tons of limestone would be required. This
system would discharge water with a pH of 6 to 6.5 and 25 — 50 mg/L of net alkalinity. At
higher flow rates, the alkalinity produced by this system would decrease. When no flow is
emerging from the discharge, this system will not have an impact on the stream. However,
because of its location at the headwaters of the tributary, this system is important to the stream.
The costs involved in this system would include:

= 450 tons of limestone, installed ($9,000)
» Earthmoving ($3,500)
=  Site access ($2,500)

The total construction cost is expected to be approximately $15,000. An additional $2,000
would be required for minimal design and permitting efforts for a total project cost of $17,000.
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IX. Tributary F: Discharge-Specific Treatment Recommendations

Although two discharges were located on Tributary F, sampling indicates that the mouth of this
tributary has good water quality. The tributary is capable of assimilating the pollution from the
discharges.

A. NBF40D

NBF40D emerges near the spillway from an active beaver pond. The water discharging from the
pond, which has submerged a highwall pit, is uncontaminated. It was not possible to collect all
of the seepage at one point so two flow rate readings were taken, one at NBF40D and one at
NBF41D, and the flow rates were combined to represent the discharge. Flow rates were
measured using the timed volume method. The chemistry samples were taken at the discharge
points and were similar for the two locations. Table 31 shows the flow and chemistry from the
discharge.

Loadin
Table 31: NBF40D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| Iron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) [CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|[(mg/L)Acid |Iron Al

05/20/02 180 6.4 56 -7 1.0 0.2 0.1 15 4 -15.1] 22| 0.2
06/18/02 65 6.8 57 -7 0.5 0.1 0.0 24 5/ -5.5| 0.4 0.0
07/09/02 12| 6.2 105 -21 8.0 1.5 0.0 27 3] -3.00 1.2 0.0
08/07/02 11 6.2 103 -14 8.2 1.4 0.0 27 2] -1.8 1.00 0.0
09/04/02 6l 5.6 108 -66] 113 1.3 0.0 25 3] -4.8 0.8 0.0
10/08/02 8 5.5 109 -16)  10.2 1.3 0.1 31 4 -1.6] 1.0 0.0
01/13/03 36| 6.0 66 1 1.9 0.2 0.1 16 2| 03] 0.8 0.0
03/19/03 158 6.0 63 -1 0.8 0.1 0.1 15 1] -1.9 1.6 0.2
Average 59| 6.1 83 -16 5.3 0.8 0.1 23 3 42 11 01

NBF40D is net alkaline and thus does not contribute acidity loading to the stream. It contributes
on average less than 1% of the iron and aluminum loading to the stream.

Little or no area is available for treatment. No action is recommended for this discharge because
it contributes very little contamination to Tributary F, which has good water quality at the mouth.
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B. NBF45D

NBF45D is a collection of seeps that emerge between a beaver pond and Tributary F and flow to
Tributary F in many locations. It was not possible to collect all of the seepage at one point so
several pipes were installed to collect all of the seepage and the flow rates were combined
(NBF45D, NBF46D and NBF47D represented these pipes). Flow rates were measured using the
timed volume method. Table 32 shows the flow and chemistry from the discharge.

Loading (pounds
Table 32: NBF45D Flow, Chemistry and Loading per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lIron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |Iron Al
05/20/02 13] 6.3 136 -12 2.5 1.6 0.0 37 3] -1.8 04 0.0
06/18/02 7 6.9 160 -18 3.6 2.1 0.0 59 70 -1.5| 0.3] 0.0
07/09/02 24 6.4 168 -28 3.8 3.0 0.0 57 4 -8.1] 1.1 0.0
08/07/02 7 6.3 174 -28 5.8 3.5 0.0 47 3 24 0.5 0.0
09/04/02 7 5.8 171 -39 7.0 4.2 0.0 50 2| 321 0.6/ 0.0
10/08/02 5| 6.2 173 -24 7.9 4.3 0.0 15 4, -1.5| 0.5 0.0
01/13/03 8 6.2 125 -7 2.2 1.7 0.0 29 2l -0.7] 0.2 0.0
03/19/03 7 6.4 127 -17 1.3 0.9 0.0 33 3 -1.4 0.1 0.0
Average 100 6.3 154 -22 4.3 2.7 0.0 41 4 -2.6 05 00

NBF45D is net alkaline and thus does not contribute acidity loading to the stream. It contributes
on average less than 1% of the iron and aluminum loading to the stream.

Little or no area is available for treatment. No action is recommended for this discharge because
it contributes very little contamination to Tributary F, which has good water quality at the mouth.
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X. Tributary G: Discharge-Specific Treatment Recommendations

Seven discharges were located and sampled on Tributary G, including three of the top 8
contributors of acidity to the entire watershed. A large deep and surface mine complex covers
almost all of the area surrounding Tributary G, with mine spoil located in the stream in some
locations.

A. NBG10D

NBG10D is a small discharge that emerges from the stream bank of Tributary G. This discharge
has caused the accumulation of metals solids around the discharge point. The flow rate was
measured using the timed volume method from a pipe installed at the discharge. Table 33 shows
the flow, chemistry and loading from the discharge.

Loading
(pounds per
Table 33: NBG10D Flow, Chemistry and Loading day)

Net Acid
Sample | Flow |[Field| Cond |(mg/Las| Iron Mn Al SO4 TSS |Net
Date |(GPM)| pH (uS) | CaCo03) |(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) |Acid |Iron |Al

05/21/02) 2.7 5,037 4,223 1,642 15.7 210 4,084 9

06/19/02) 1.5 3.7 4,935 3,927 1,386 13.1 229 3,198 11] 70.7]24.9| 4.1
07/09/02 1.0 3.1 4,447 3,871 1,079 13.9 211 3,262 11] 46.5[13.0[ 2.5
08/07/02 1.0l 29 3,510 2,424 780 10.9 108 3,984 4 29.1 9413
09/03/02, 0.8 2.1 2,271 1,407 424 9.7 76| 1,359 18 12.7] 3.8/ 0.7
10/09/02 0.5 3.8 1,976 1,058 327 7.6 571 2,169 2| 6.3 2.003
11/08/02 0.3 3.8 3,620 2,654 895 10.5 125 2,860 15 8.0l 2.7, 0.4
12/16/02 1.0 2.2 3,694 2,695 952 10.9 133 3,153 12] 32.3] 11.4] 1.6
01/14/03 0.8 2.6 4,705 3,854 1,233 14.4 201 4,395 71 347/ 11.1] 1.8
02/05/03 1.0 3.1 4,200 3,233 1,087 12.1 170 4,136 12| 38.8/ 13.0] 2.0,
03/19/03 1.1] 2.8 4,544 3,605 1,216 12.5 209 6,276 4 47.6/16.0] 2.8
04/15/03 1.0 2.7 4,400 3,863 1,284 12.6 2000 4,949 8| 46.4/ 15.4| 2.4
Average 0.9 3.0 3,945 3,068 1,025 12.0 161 3,652 9033911218

Despite the low flow of this discharge, it ranks as the 6™ highest average contributor of acidity
loading to the North Branch. On each sampling date, NBG10D was between the 5" and 8™
highest contributor of acidity loading of all the sampled discharges.

This discharge will likely be affected by Phase 1 and Phase 2 reclamation of this area. The
combined cost for these phases is $507,100. These reclamation projects are described in detail in
Section V Part B. Phase 3 of the work in the area will involve treating any remaining discharge
from NBG15D, NBG12D, and NBG10D. It is hoped that these discharges can be treated in a
common treatment system. Due to the uncertain effects of Phases 1 and 2, prices are not
estimated for Phase 3.

Page 54 of 64



B. NBGI2D

NBGI12D is a highly variable flow of water that emerges directly from unreclaimed spoil (Photo
23). The discharge flows down the spoil and directly to Tributary G. The flow rate was
measured using the timed volume method from a pipe installed at the discharge. Table 34 shows
the flow, chemistry and loading from the discharge.

Loadin
Table 34: NBG12D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |[CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |lron Al

05/21/02 75| 54 131 7 3.0 0.4 0.9 47 50 6.3 2.7 0.8
06/19/02 30| 6.6 132 -7 3.7 0.5 0.4 46 12| -2.50 1.3] 0.1
07/09/02 31 6.0 220 -29 5.8 1.6 0.8 74 100 -1.0p 0.2] 0.0
08/07/02 0 0.0 0.0 0.0
09/04/02 0 0.00 0.0 0.0
10/09/02, 0 0.00 0.0 0.0
11/08/02 0 0.0 0.0 0.0
12/16/02 300 4.2 215 13 4.2 0.6 1.3 101 6] 4.8 1.5 0.5
01/14/03 150 5.7 229 16 6.7 0.9 0.9 84 3 2.8 1.2/ 0.2
02/05/03 4 5.6 408 39 15.9 1.8 3.4 202 2l 1.9 0.8 0.2
03/19/03 93] 5.5 111 3 1.8 0.2 0.5 32 2] 32 2.0 0.5
04/15/03 38 5.7 141 0 2.9 0.4 0.3 61 5 -0.1] 1.3] 0.2
Average 24 5.6 198 5 5.5 0.8 1.1 81 6f 1.3 0.9 0.2

NBGI12D contributed less than 1% of the average acidity, iron, and aluminum loading to the
stream. It ranked 19 in average acidity contribution, although on one sampling occasion it
ranked 11,

This discharge varies widely in both flow rate and quality. On some occasions, the discharge
was net alkaline, while on others it was net acidic. Flow varied from a maximum of 93 gpm to
zero flow, which occurred on four occasions.

This discharge will likely be affected by Phase 1 and Phase 2 reclamation of this area. The
combined cost for these phases is $507,100. These reclamation projects are described in detail in
Section V Part B. Phase 3 of the work in the area will involve treating any remaining discharge
from NBG15D, NBG12D, and NBG10D. It is hoped that these discharges can be treated in a
common treatment system. Due to the uncertain effects of Phases 1 and 2, prices are not
estimated for Phase 3.
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C. NBGI5D

NBG15D was sampled from the discharge end of a large culvert that was originally thought to be
a deep mine opening (Photo 24). However, further reconnaissance indicated that the culvert has
been placed through a large berm of mime spoil material. The flow rate was measured using an
H-flume that was temporarily installed at discharge end of the culvert the site. Table 35 shows
the flow, chemistry and loading from this discharge.

Loadin
Table 35: NBG15D Flow, Chemistry and Loading (poundgJ per day)
Net Acid
Sample | Flow |Field| Cond |(mg/L as| Iron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |(mg/L) |Acid |Iron Al

05/21/02 3.9 232 34 7.6 0.5 3.1 80 3

06/19/02 275 4.7 312 66 13.8 0.8 4.1 117 5| 217.5| 45.4] 13.6
07/09/02 400 3.5 917 259 63.8 3.6 18.1 400 5| 124.5| 30.6] 8.7
08/07/02 300 3.2 780 216 47.8 3.2 10.8 275 1 7771 17.2] 3.9
09/04/02 22| 23 777 185 45.0 3.0 12.3 343 6] 48.9 119 3.2
10/09/02 8 3.9 647 181 26.0 2.3 12.8 494 1] 17.3] 2.5 1.2
11/08/02, 18 4.0 646 146 24.1 2.1 10.4 299 71 31.5| 52| 2.2
12/16/02, 430, 3.5 195 14 2.1 0.2 1.1 48 12 72.9] 10.8] 5.7
01/14/03 165 3.5 307 51 6.4 0.3 3.4 85 21 101.8] 12.8] 6.7
02/05/03 2500 4.3 286 49 6.3 0.4 2.0 100 4] 147.6/ 19.0f 5.9
03/19/03 450, 3.3 234 51 6.3 0.3 2.5 82 2| 272.7| 33.9 13.3
04/15/03 150, 3.5 366 89 15.5 0.8 5.0 136 71 161.1] 28.0] 8.9
Average 167] 3.6 475 112 22.1 1.5 7.1 205 5 115.8] 19.7| 6.7

Overall, this discharge was the 4™ highest contributor of acidity loading to the stream. On two
sampling occasions (February and April 2003), the discharge was the top acidity contributor.

The quality of this discharge varies substantially with flow rate, with worse water quality
occurring during low flow conditions. This water quality is diluted during high flows by clean
water from the tributary that enters the upstream side of the culvert in an unpolluted condition.

This discharge is the primary focus of Phase 1 reclamation of this area. The anticipated cost for
reconstructing the NBG15D channel is $48,800. Additional reclamation that may affect this
discharge is anticipated to cost $459,100. These reclamation projects are described in detail in
Section V Part B.

Phase 3 of the work in the area will involve treating any remaining discharge from NBG15D,
NBGI12D, and NBG10D. It is hoped that these discharges can be treated in a common treatment
system. Due to the uncertain effects of Phases 1 and 2, prices are not estimated for Phase 3.
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D. NBG25D

NBG25D is an intermittent flow that originates in an area where both deep mining and reported
refuse disposal took place. The discharge collects in a washed-out gully in the partially
reclaimed refuse area (Photo 25). Flow was measured using the timed volume method from a
pipe installed in the gully. Table 36 shows the flow, chemistry and loading of the discharge.

Loadin

Table 36: NBG25D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond |[(mg/L as| Iron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) [CaCO3)|(mg/L)|(mg/L)|[(mg/L)|(mg/L)|(mg/L) |Acid |lron Al
05/21/02 0.75] 1.6/ 12,940 10,506 3,071 6.1 2831 9,473 16| 94.6) 27.6| 2.5
06/19/02 0.75 2.9 10,380 7,565 2,070 4.1 234 6,340 16 68.1] 18.6] 2.1

07/09/02 0 0.0 0.0[ 0.0
08/07/02 0 0.0 0.0[ 0.0
09/04/02 0 0.0 0.0 0.0
10/09/02 0 0.0 0.0 0.0

11/08/02]  0.40 2.8] 16,850 14,542] 4,116 6.9 405| 17,586 32| 69.8] 19.8] 1.9
12/16/02 1.12) 1.1 7,600 4,883 1,375 3.5 154 4,810 13| 65.6] 18.5] 2.1
01/13/03] 0.50] 1.8 6,268 3,976/ 1,021 2.8 117] 4,245 6| 239 6.1 0.7
02/05/03]  0.25 2.0 9,860 8,537 2,391 3.9 258 11,273 24 25.6| 7.2 0.8
03/19/03]  0.31] 2.0 8,440 5,732] 1,792 3.7 195 8,146 14 213 6.7, 0.7
04/15/03 0 0.00 0.0 0.0
Averagel 0.34 2.0 10,334 7,963 2,262 44 235 8,839 17, 30.7] 8.7 0.9

Despite having no flow (and this no loading contribution) on 5 of the 12 sampling dates,
NBG25D still ranked as the 7™ highest average contributor of acidity loading to the stream.
However, when only the days when flow was available are considered, the average acidity
loading from NBG25D is 52.7 pounds per day, ranking it an average of 6™ highest on those days.
On each individual sampling event, the discharge ranked from the highest contributor of acidity
loading to as low as 9" on days when it was flowing.

NBG25D is among the most contaminated mine discharges sampled in Pennsylvania. The
intermittent nature of the discharge suggests that it is fed by runoff from precipitation events or a
very shallow groundwater flow. Therefore, the primary recommendation for this discharge is
surface reclamation that includes the addition of alkaline material to the area.

The detailed reclamation plan is presented in Section V Part A. The total cost of the project,
which includes removing the NBG35D impoundment, is $44,000. However, the site is currently
under investigation as a source of marketable refuse. If the area is mined for refuse, much of the
cost of reclaiming the site should be covered by the miner.
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E. NBG35D

NBG35D is a discharge from a beaver dam that has blocked a narrow gap in the spoil piles.
Photo 26 shows the impoundment. The beaver dam has caused water to back up between the
exposed highwall and the mine spoil, creating a large pool. The origin of the seepage is not
visible due to this pool. The flow was measured using the timed volume method from an
installed pipe. Table 37 shows the flow, chemistry and loading from this discharge.

Loadin
Table 37: NBG35D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lIron Mn Al SO4 | TSS |Net
Date |(GPM)| pH | (uS) |CaCO03)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L) |Acid |Iron Al

05/21/02 95| 4.2 225 29 1.4 1.3 1.9 106 5| 3331 1.6 2.2
06/19/02 15/ 5.0 392 53 3.9 2.0 2.9 206 100 9.7 0.7] 0.5
07/09/02 6| 45 540 51 5.2 3.2 4.2 245 5 37 04 03
08/07/02 2| 4.8 463 500 119 2.8 3.3 252 4 1.3] 03] 0.1
09/04/02 1] 34 595 70 6.7 5.5 7.5 327 0.8/ 0.1 0.1
10/08/02 1] 5.8 637 69 12.0 5.6 6.0 417 35 1.00 0.2] 0.1
11/08/02 6 4.0 645 71 133 4.9 5.7 295 9 5.1 1.0, 04
12/16/02 6| 32 340 31 3.7 2.4 2.6 155 6l 22 03] 0.2
01/13/03 12| 3.6 306 50 0.9 1.2 1.9 132 3l 7.2 0.1 03
02/05/03 4 4.0 368 40 3.2 2.8 3.1 182 1 1.9 0.2 0.2
03/19/03 96| 4.8 96 7 0.5 0.6 0.6 33 6 7.7 0.6 0.7
04/15/03 9 4.0 431 36 1.4 3.0 4.8 176 4 3.8 02 05
Average 21 4.3 420 46 5.3 2.9 3.7 210 8 6.5 05 05

NBG35D is the 13" highest average contributor of acidity loading among the known discharges.
On average, it contributed less than 1% of the acidity, iron and aluminum loadings to the stream.
On the various sampling dates, it ranked as high as 8" and as low as 18", The discharge is

moderately contaminated with acidity, iron, and aluminum.

The first recommendation for this discharge is to remove the beaver dam that is causing water to
back up between the highwall and the spoil. In addition to affecting NBG35D, this may also
impact NBG25D. The water that is feeding this discharge is likely seepage from the highwall or
shallow groundwater that may be less contaminated when it originally enters the pool. However,
as the water is retained and contacts the highwall and the spoil, it is likely becoming more
contaminated. Releasing this water to create a free-flowing discharge may significantly improve
the quality. This will also allow the source(s) of the water to be seen.

This project should be performed in conjunction with the NBG25D reclamation, which is
detailed in Section V Part A. The expected cost of the beaver dam removal ($2,500) is included
in the total $44,000 for that project.
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F. NBG45D

NBG45D discharges from spoil to a small ravine that leads to Tributary G. The flow may be the
result of an adjacent beaver dam, which may be leaking through the spoil to form the discharge.

Flow was measured using the timed volume methods from an installed pipe. Table 38 shows the
flow and chemistry of the discharge.

Loadin
Table 38: NBG45D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |lron Al

05/21/02 3.0 5.6 442 12 149 4.9 0.1 157 2l 04 0.5 0.0
06/19/02 1.5 6.6 432 71 149 4.5 0.0 215 3 0.1 0.3 00
10/09/02 0 0.0 0.0 0.0
01/13/03 0.8 6.0 470 25 16.2 4.9 0.0 132 11 0.2 0.1 0.0
03/18/03 2.0, 5.8 500 16| 18.9 5.5 0.1 198 71 04 0.5 0.0
Average 1.5 6.0 461 15/ 16.2 4.9 0.1 175 31 02 03 00

Because the discharge was determined to be of minor significance to the watershed, it was only
sampled 5 times. It contributed less than 1% of the average acidity, iron and aluminum loading
to the stream.

Because of the minimal impact of this discharge, no action is recommended at this time. If this
discharges is targeted in the future, general reclamation activities in the area surrounding the
discharge should remediate the problem.

Page 59 of 64



G. NBG50D

NBGS50D is a small upwelling near the base of an abandoned highwall. Flow was measured
using the timed volume method from an installed pipe. Table 39 shows the flow, chemistry and
loading from the discharge.

Loadin
Table 39: NBG50D Flow, Chemistry and Loading (poundg per day)
Net Acid
Sample | Flow |Field| Cond [(mg/L as| lIron Mn Al SO4 | TSS |Net
Date [(GPM)| pH | (uS) |CaCO3)|(mg/L)|(mg/L)|(mg/L)|(mg/L)|(mg/L)Acid |lron Al

05/21/02 22| 6.2 365 -24 3.8 1.5 0.0 127 3] -64] 1.0 0.0
06/19/02 10, 6.7 350 -20 4.7 1.5 0.0 158 3l 2.4 0.6/ 0.0
10/09/02, 0 0.00 0.0 0.0
01/13/03 6 63 289 -34 7.2 1.5 0.1 74 31 2.5 0.5 0.0
03/18/03 10l 6.0 311 -29 2.9 0.7 0.0 87 1] -3.5 0.3 0.0
Average 100 6.3 329 -27 4.7 1.3 0.0 111 3 -2.9 0.5 00

Because the discharge was determined to be of minor significance to the watershed, it was only
sampled 5 times. NBG50D is net alkaline, and thus did not contribute acidity loading to the
stream. The discharge is marginally contaminated with iron but contributes less than 1% of the
average iron and aluminum loadings to the stream. Due to the extremely small loading
contribution from the discharge, no action is recommended at this time.

Because of the minimal impact of this discharge, no action is recommended at this time.
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XI. Restoration Plan Recommendations

Table 40 summarizes the recommendations and cost estimates discussed in detail in the previous
sections. Each discharge has been assigned a priority of High, Medium or Low based on the
findings of this assessment and the watershed goals established by the Bear Creek Watershed
Association.

Table 40: Summary of Restoration Recommendations

Point ID Priority |Recommendation Actions Initial Cost |Net Iron Al
(X $1,000)* |Acid
NB12D High [Separate clean from contaminated water, pipe to $250 157, 0.1 0.9
INB13D treatment location.
NB13D High (Collect and treat with NB12D in an alkaline $90, 1750 3.1 0.8
wetland
NBI15D Low Remove impoundment; monitor effects. $7.4 4.6 0.5 03
NB18D Low Remove impoundment; monitor effects. $8.4 1.00 0.1l 0.1
NB31D High [Plug $12| 103 33| 0.5
INB32D High [Plug $12 3.5 09 0.1
INB36D High  Monitor effects of Phase 1 and Phase 2 Young Mine - 43.8] 42| 3.6
INB37D Complex reclamation; additional reclamation or 159.9] 21.3| 11.4
treatment if necessary.
NBD10D | Medium [Remove impoundment; construct passive wetland $97, 1620 09 1.9
system
INBD40D | Medium [Construct passive wetland system $36 -6.1] 27 0.0
INBD50D Low  [No action; discharges are not impacting stream - -0.2l 0.1] 0.0
NBD51D 1.4 0.8 0.1
INBEO3D Low |No action - -1.7) 0.5 0.1
INBE28D High (Construct system to allow for treatment using $90 120.4] 5.2 14.5
INBE29D Penreco weak alkali liquor 162.00 6.9 19.7
INBE52D High [Limestone self-flusher, pond wetland system $500 19.6 0.0 2.5
INBE60D High |Gain permission to sample - unknown
INBE62D Low No action; discharge is not impacting stream - -6.60 0.9 0.0
NBE75D Low 1.4 1.00 0.2
INBE81D | Medium (Oxic limestone pond $17 1.4 0.0 0.1
INBF40D Low [No action - 42 1.1 0.1
INBF45D Low [No action - -2.60 0.5 0.0
INBG10D High [Phase 1 and Phase 2 of the Yong Mine Complex $5079 339 11.2] 1.8
NBG12D Reclamation (channel reconstruction and 32 acres 1.3 09 0.2
NBG15D of reclamation); monitor results. 115.8 19.71 6.7
NBG25D | High |[Removal acid materials, reclaim with heavy $42 307 8.7 09
alkaline addition; monitor effects.
INBG35D | Medium [Remove impoundment (in conjunction with $2.5 6.5 0.5 0.5
INBG25D reclamation); monitor effects.
NBG45D Low [No action - 020 03] 0.0
INBG50D Low |No action - 29 050 0.0

*Does not include costs covered by private project partners such as Penreco or ongoing
maintenance costs.
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A. Priority Projects

Several high-priority projects have been identified and cost estimates have been provided. These
projects should be pursued immediately in order to begin the recovery of the North Branch. The
projects are:

NBG25D Reclamation and Alkaline Addition ($42,000)

“Young Mine Complex” Phase 1 ($48,800)

“Young Mine Complex” Phase 2 ($459,100)

NBE28D and NBE29D Penreco treatment system ($77,000)

NBE352D self-flusher ($50,000)

Plug NB31D and NB32D ($24,000)

NB12D separation of clean water followed by treatment with NB13D ($115,000)

Nk wb =

Seven projects have been identified, but several of the projects may occur concurrently, which
could result in cost savings. For instance, the first three projects listed occur adjacent to each
other and could be performed concurrently under one contract to save on mapping, permitting,
design, and mobilization costs. The total cost of the seven projects listed is estimated at
$815,900. It should be possible to implement all of these projects within 5 to 7 years.

In addition to these “on the ground” projects, efforts should be made to obtain permission to
sample NBE60D. The landowner on this project, Mr. Kelly Armstrong, did not allow sampling
during this watershed assessment. Efforts to obtain landowner permissions should continue.
Until sufficient quality and flow rate information is obtained, it will not be possible to
recommend a treatment system for this discharge.

It 1s likely that these seven projects will not be sufficient to completely restore the watershed.
After each project is completed, post-project monitoring should take place to assess the
effectiveness of the project and determine the need for additional treatment or reclamation
efforts. Monitoring should be performed at both the discharge locations and in-stream locations
downstream of implemented projects. The results of the monitoring and an examination of past
and current data will allow recommendations for additional work at these discharges and work at
the other discharges in the watershed.

In addition, specific funding sources may be interested in funding projects that have not been
listed in this section. For instance, groups interested in waterfowl may be interested in assisting
with constructed wetlands or a particular landowner may be interested in contributor towards a
project on their property. In this case, these projects should be pursued as desired by the BCWA.

B. Potential Funding Sources and Partners
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Numerous state and federal agencies have money available to support watershed restoration
activities. Some of the most common sources of funding are discussed below, however, other
sources such as private foundations also exist. Each funding source has its own application
procedure, funding limitation, matching funds requirements, and administrative techniques.

The Pennsylvania DEP Growing Greener Program provides funds to projects dealing with all
aspects of watershed restoration, including mine drainage pollution. The program has funded
numerous programs since its inception in 1999, including the project to fund this assessment and
restoration plan. Applications for the Growing Greener Program are accepted each year,
generally in the late winter. Grants do not require matching funds or services, though they are
desirable. There is no funding limit and grants can last two or three years.

The DEP Technical Assistance Grant (TAG) Program is a special section of the Growing
Greener Program. Several non-profit groups are authorized TAG providers and can assist
watershed groups with small-scale projects that do not include construction. Technical
assistance from this program was used to initiate the watershed assessment of the North Branch.
For more information on both of these programs, visit the DEP website at
http://www.dep.state.pa.us/growgreen/defaultdep.htm

The Office of Surface Mining (OSM) Appalachian Clean Streams Initiative also provides
grants to fund projects that address abandoned mine problems, specifically mine drainage
treatment systems. They can provide up to $150,000 for projects that involve construction.
Matching funds or in-kind services are required, but there is no set amount of matching that is
required. For more information on this program, visit http://www.osmre.gov/acsihome.htm.

The U.S. E.P.A. 319(h) Nonpoint Source Management Grant Program is administered by the
DEP and provides funds to projects for all nonpoint sources of pollution, including mine
drainage. These grants are awarded through the Growing Greener application process, SO no new
paperwork is required. The E.P.A. also periodically offers other grants which may pertain to
mine drainage restoration.

The DEP’s Bureau of Abandoned Mine Reclamation (BAMR) specializes in land reclamation
projects and can provide mapping and design services or funding for these projects. Projects are
chosen through an on-site visit process with BAMR personnel. More information is available at
http://www.dep.state.pa.us/dep/deputate/minres/bamr/bamr.htm.

The U.S. Army Corps of Engineers has recently embarked upon several ecosystem restoration
projects involving mine drainage pollution. Through their process, they provide a restoration
plan document that outlines all the projects necessary to restore a watershed to its designated
uses. If the watershed group accepts this document, the Corps will then provide up to $5 million
dollars to complete the projects. However, the watershed group is required to provide matching
funds that total at least 35% of the total project amount. This matching money can be any non-
federal matching funds, such as Growing Greener funds.

In addition to these potential funding sources, valuable partnerships can be formed with private
businesses, individuals, private foundations, and others. Potential project partners include
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anyone who can provide funding, materials, or in-kind services such as system inspections, water
sample collection, equipment use, or other matching.

There are several potential project partners located in close proximity to the North Branch
watershed that may be able to provide alkaline materials at little or no cost. Penreco in Parker,
PA, has expressed an interest in providing weak alkali liquor to projects in the watershed. This
material could be obtained at no cost to the watershed group. In addition, several limestone
producers in the area have large stockpiles of waste lime, bag-house lime, and other limestone
products that are not commercially valuable.

XI1. Assessing Plan Effectiveness

The effectiveness of each individual restoration project and the restoration plan as a whole can
easily be evaluated by monitoring the water quality parameters at in-stream locations that were
sampled as part of this project or as part of the DEP’s TMDL study of the watershed. Quarterly
sampling for a period of one year should be performed in order to assess the new conditions of
the stream after major projects are completed. The in-stream station just upstream and just
downstream of the project should be monitored, as well as other stations if desired. This data
can then be directly compared to the data contained in this report in order to assess water quality
improvements.
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Figure 3: Regional Geologic Structure Lines. Structural elevations are on a 20’ contour
interval and adapted from “Coal Resources of Butler Count, Pa  Part 1. Coal Crop Lines,
Mined-Out Areas, and Structure Contours”. The arrow indicates direction of general

groundwater flow.



Figure 4: Total Monthly Actual and Mean Precipitation, Butler, PA
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Figure 5: Main Stem Chemistry by Stream Mile
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Figure 6: Passive Treatment Decision Flow Chart

Analyze raw water chemistry
and determine flow rate

Settling Net Alkaline 1. Is water net Net Acidic
alkaline or net
POM e
acidic?

Aerobic
Wetland

|

.Final 3. Is ALKast Net Anoxic
Discharge Alkalinity > Source Limestone

Net Acidity? Drain

Perform ALKast Incubation Yes 2. Are DO, Fe**
on discharge water at source and Al low?

Settling Vertical Flow

Anoxic Pond Pond
Limestone Repeat As

Drain Necessary
Until Net

'. Alkaline
Settling |
Pond

y

Final Aerobic Final Aerobic
. — —
DlSChaI‘ge Wetland Dlscharge Wetland




L .- L ,
; 1.
NEGOi
s
L
d w.

- e
QI

f;
NBE10D

%

NE4Q. 1%,

ST E=7275

Phase 1
Channel Reconstruction

\’ I
] - .‘ N
T & M NB37D0,

Phase 2

32 Acres

e

Z Phase 3
Treatment
\ (‘\\"’f?

i

BT T T

Phase 4

-J-:

.| 4 Acres or treatment

3-D TopoQuads Copyright ® 1999 DeLorme Yarmouth, ME04096 Source Data: USGS

|——— 200 ft Scale:1:5,000 Detail: 14-3 Datum: WGS34



Figure 8: NBE28D, NBE29D and Combined Acid Loading Versus Flow Rate

Acidity Loading (pounds per da

800
700
/A
600
A /
500 / A
[ ]
400
/ °
300 A
A/
u A
200 = A
e " e NBE29D
100 +—p2— = NBE28D .
s A Combined
O T T T T T
0 20 40 60 80 100

Flow Rate (gpm)

120




€2 o | ebed »00Z ‘61 Aep ‘Aepsaupam

§'192 O06¥L vevil ¥ Wik Sl L'l 0L b ke ¥S ogegl  obeisay
Z €9 60 80 60 9 g8l 09 €00z/81/
g ovl  L') gl 6l 4} 1ze 8§ €00Z/E L/}
I A TAN N ) L' Zo Ll 6ES 6% z00z/8/01
G'.92 06¥L Vvevi L A4 gl 60 Ll 96z € 0G€€L  200Z/61/9
€ (0] A - 0l L1 Ll vzz  L'S 200z/02/S
v uosi pavieN (1/6w) (/Bw) (/6w) (/Bw) (/6w) Aupdy (sn)  HA  (WdD)  ajeqg
(pdd) buipeon SSL ¥$0S IV Ul uol] I8N puod piRld Mmold
abpug goz aInoy 1e youeig YHoN G08N
S 98 20 20 90 ce- g L9 abelany
v Ly €0 20 G0 Ll- L0Z 69 €002Z/81/€
Z Z8 20 €0 90 €z- A AL €002/EL/)
4 Pl 10 10 80 89- 08 9 2002/8/01
9 00l 00 10 G0 6¢- lZ¢ 69 z0o0z/61/9
€ 95 Z0 20 v'0 9z- 9cz 89 200z/02/S
Iv uosj pyiIsN (1/Bw) (/6w) (/B6w) (/6w) (/6w) Aupoy (sn) HA  (NdD)  apeq
(pdd) buipeo SSL $0S IV UN  uoJ I8N puod pilaid Mmoj4
(eouanpuos youelg YUoN jo weadisdn) a6pug uinig e yoslio Jeag orodg
9 ¥0L L0 L0 90 i 69¢ L9 abesany
14 €s 0l v0 90 - €0z 0L €00Z/81L/g
14 Ll S0 80 60 - oor 0L €002/EL/)
Z 6LL 90 a Z0 Ly~ 069 €9 200zZ/8/01
8 Ll 90 90 90 8l- gle 69 2002/61/9
(] €9 S0 ¥'0 90 0}- €€z 89 z00z/02/5
v uosj pdyieN (/bw) (/bw) (/B6w) (/Bw) (/6w) Aupioy (sn)  Hd (WdD)  apeg
(pdd) Buipeo sSL ¥0S IV Ul uol] 9N puod ppRIld Mmold
%9310 Jeag 10 youelg YHUON 1O WeasumMo ault AlUnoD Jafing 1e yoal) Jeag 0£08g

12§ DID(T DML - JUSVUSSISSY Y224 VDG

@ (



£z Jo g ebey $00Z ‘61 Aew ‘Aepsaupap

60 10 'Sl Z 2 0T 60 07 r4> sy LY 18 aberany
zl L0 8/l 14 el Ll v0 1’0 gl gle 8¢ z6 €002/SLiv
£l 10 ¥'0¢C } €8 G0 2O L0 8 08k G ole €00z/8l/g
90 00 8¢l r4 99l 80 €0 00 8l voy  €¥ 09 €002/9/C
S0 10 eyl € €9 v0 2O 00 Ll A L0l zooz/LLT)
A 00 ee S zzl 0l ¥'0 1’0 el e Ly e zooz/8/LL
00 1’0 S0 L Zve 1’8 g€ Zle 1ol gsel 9¢ 0 zooz/g/ol
A 00 Le € gee 9T ¥l 10 o¢ 59  ¥'e 8 z00z2/¥/6
S0 00 9'9 I A TANNE- N} L1 1'0 €C 18V 6¢ 144 200z/L/8
0l 00 z6 l ole ve Tl L0 ze Ge9 TV ve 2002/0L/L
6l 1’0 v'ey r4 A ¥'0 10 €z 8/z 6V 8G1 200Z/81/9
v'e ¥'0 Ly r4 €8 L) €0 20 6l ovz 6'¢ Ggl z00z/02/S
Iv uosy PpovieN (1/6w) (Bw) (6w) (V6w) (YBw) Auproy (sn)  HA  (AdD)  epeq
(pdd) buspeo] ssL YOS IV up uos 13N puod PpRId Mmold
auiAel B woly abieyosip ‘g LEN 40 1se9 jsnp gcLganN
£ 68l TI sT ¥l 9z g8¢  v'¥ abesony
S 9L ¢ TZ L'} 6l lce €V €002/SL1Y
14 ve Tl 0l 1l Ll 06L €S €002/81/¢€
l €5l gl 6l 9¢ e l2€ 0§ €002/9/2
r4 6652 9T 0T 0¢ X oy ¥y €00Z/gL/)
6 0L 01 L) z'l Sl 9ez V¥ zooz/9Lel
S 602 8l 6C 60 4 oy 8V z00z/8/LL
L l6c €¢ ¢€v 0l e 05§ TV 200z/8/01
€ S0e 82C Sv L0 A4 929 L'¢ 200z/v/6
l 0s¢ ¥zZ  9¢ 90 L€ l6¥ 8¢ 2002/4/8
l 62C 9'¢ 'y 80 6 92s 0¥ 200zZ/01/L
r4 ovk Lz 8l A €C 9lc &S 2002/81/9
} solL gl Al Gl 9l 8ve L'V 200z2/02/S
Iv uosj pyisN (/Bw) (/bw) (7/6w) (/6w) (/bw) Aipoy (sn)  HA  (WdD)  opeqg
{pdd) BuipeoT SSL 0SS IV up uosj I8N puold pjaid Mmold
peoy opelop|3 je youelg YuoN 0LEGN

- w



£Z Jo ¢ abed #00Z ‘64 Aei ‘Aepssupsp
£0 S0 9V 9 8¢ v'¢ SIL 68 19 9.9 L't 8 abesany
L0 10 0¢ 2 g8l vZ 0l €T e A S €002/ /¥
60 70 86 b 5L L'e 60 vl ve z6E 0% {4 €002/81/¢
00 00 00 0 €002/9/2
zo 2o 0¢ ¢ Ve vz 60 ve o¢ IS¥ 0¢ L 200Z/LLI2L
00 1’0 L0 9 696 L9 9T 0ZLL €L 0L LY L 2002/8/1 1
10 00 0l L 88z ¢Z ¥l 10 8z G65 v¥ € 2002/8/01
10 #'0 Ll Gl 065 86 L'e  §9z vl 8LlL L€ I 2002/v/6
#'0 ze LSl vl gcy v &1L 6L /I8 0c8 Ve Gl 2002/L/8
1’0 50 9¢ ] ¢y 6¢ T¢ 26l 0k 1.6 G¢ 4 2002/0L/L
20 10 vy g /6L 0T 80 91 6¥ oy S¥ 8 2002/81/9
L0 20 00} € ISl 8Z 80 80 87 oly L¢ 0z 2002/02/S
v uoy provieN (/Bw) (/Bw) (/6bw) (/6w) (/bw) Aupioy (sn)  Hd (WdD)  apeg

(pdd) buipeo

SSsl

1400

v

U

U0}

=N

puod pieid Mmold

wealls o] Ajoaip sjuiod abieyosiq Aueyy "peoy opeioq {3 Jeau [lods jo 90} 18 eaie dwemg dslLgnN
80 L'e SLi oL §¥9 <¢'8 9°C 870¢ bLL gL ¢'¢ g abesany
LAY o'l 1’6 € vy 09 €¢ a¢cl LZl 0s0l 6°¢ 9 €00¢C/SLiv
¢0 80 ¥l 6 €98 6'¢ e o'gl £ G000l <¢ 14 €00c/8l/e
10 €0 0¢ 8l g9, L. €C 1'9¢ g9l ocllL ¢¢ L £002/9/2
7l 9¢ Glc L 615 99 |y S9l LCl oloL ¢27¢ g8l cooc/Lire)
S0 vl 66 074 6.9 1’8 9¢ 6°¢¢ Gol ¥6LL 6°¢ S c00¢/8/LL
80 £e 691 el 8¢0L 96 8¢ G'6¢ (Hor4 oecL L'¢e L 200¢/8/01
L'l oV 9¢cc 9 LLS L0l oe 6°9¢ 60¢ coel ¢¢ 6 c00¢2/v/6
60 (A L'ec S oLe ¢8 8¢ 0'0¢ 1474 0l¢l 0O¢ 6 c00c/L/8
el 13} 6°6C S €9 60l 1'e o'vy °] %4 0LEl ¥t ol 200¢2/01/L
el 9L €0t L 865 G0l L' €09 0¥ vecl L'y L ¢00¢/8L/9
60 0 4 g'ec 144 L0S V'L G¢ g’Le 981 6l |'¢ L €00¢/0¢/s
4 uoil ppyIIBN (/Bw) (7/6w) (7/6w) (/6w) (7/6w) Aupioy (sn)  Hd (WdD)  s3eg

(pdd) Buipeo SSL v0S ¥ Uy  uox I8N puod pieid Mmold
"|led} Jojosuym- Buoje aoey %004 wol) abieyosiq geildnN

o



£z Jo y abey 00z ‘64 Aew ‘Aepssupapy]
6'1Zk 9'08Z L'lISL € 9L €T 94 6§ 12 Sve 97 80€9 abeiany
oeyl  6GLe Ll ¥ 29 v L0 T¢ gl 6L 8V zeee £002/6L/€
l 991 0¢ L1 88 e Goe L'y €002/¥L/L
l 6SE L€ Lt ¥8 €9 119 TV 2002/6/01
L00}  TSve ¥olEL 9 ZlL 0¢ 'L 8V 2 65C V'S €82y 200Z/81/9
€ €0L 27 80 9F ee 182 9V 2002/12/S
v uos| povYIeN (/Bw) (/Bw) (/6w) (6w) (1/6w) Aupy (sn) HA  (NdD)  seq
(pdd) Buipeon ssl #0OS IV Uil uoi] I8N puod pidid Mmold
azegN pue glLegN Jo weasnsumop Isnl youesg YLON 0cgN
102 v00Z O0O'Svée € ¥sL Tz gT TT 97 62¢ LV 99.6 abelany
L A el Pl vl vz 6V €002/61/¢
4 6.l 6C ST SV oc L1e  S¥ £00Z/¥L/L
b sez Lz ¢y ¢l X leS vy 2002/6/01
L0/Z v00Z OSveZ 9 ovL €T 0T Ll T4 TN A 99.6 2002/81/9
€ gL 1z ¢l 0¢ r44 9gz  9v 2002/02/S
Iv uosyl pyIeN (1/bw) (1/6w) (6w) (1/6w) (/6w) Aupioy (sn) HA  (WdD)  oeq
(pdd) Buipeo ssL v0sS IV Ui uol| 18N puog pilsid mojd
obpug suois 1e youelg YUoN 0C8N
1’0 1’0 0l L ¥k s0 o0 €0 14 6 ¢S 1z abesany
10 L0 0L 4 Ll 20 10 L'0 4 6y €6 oy €002/SLiv
€0 10 L) g 4] 90 10 20 4 o TS 34 €002/61/¢€
L0 00 €0 1z vl 60 T0 2O g 9 06 S €002/5/2
L0 10 §¢ 6 ol €0 10 10 S b TV Ly 200z/94/2)
00 00 00 0 200z/8/L)
00 00 00 0 200z/8/0L
00 00 00 0 2002/v/6
00 00 00 le 4 S0 <¢0 01 9 Sy 1S 0 2002/./8
00 00 00 0 200z/6/L
Z0 L0 v'e 4 Gl v0 T0 €0 9 86 €9 X 200z2/81/9
€0 €0 8¢ ¢ 8l v'0 L0 €0 4 v 96 €L 200z2/02/S
)/ uoy proyIeN (TBw) (1/6w) (/Bw) (1/6w) (1/6w) Apioy (sn) HA  (NdD)  apeq

{pdd) Buipeon

ssi

y08s IV Ul uolf I8N puog pidld Mojd

‘pucd ayl Jo MO[JINo 8y} 1t ajdwes axe| “Hount AQ paj eale puod Joaeag geignN

' et



£2 jo g abeg P00z ‘61 Aew ‘Aepseupap

1'0 60 G'¢ £ €96 v 79 8¢ 62l 986 L't A abeiany
1’0 €0 el L 89S 9V 99 69C vol A A I €00Z/S L/
L0 G0 Ll I 9/9 TV l'9 982 /6 06 ¥'¢ I4 £002/61/¢
00 v'0 gl L 0eS ¥ 66 Sve  9Cl 06 L€ I £002/5/2
10 L0 L'z € [0S 6¢€ 66 G8c 8Ll v G'¢ I4 £002/7L/1
Z0 9l 09 4 Gy OV 85 62 vel GZ6 8¢ 4 zo0z/9L/eL
L0 ! G'e S A X I 4 l'9  ¢8e LIl 06 €V € z00z/8/1L1
A4 Gl zs e 009 9§ L9 Sy Syl 066 €V € 200z2/6/01
1’0 oL G'g S 669 8§ v Lty Lb) 990} L€ I4 200z/v/6
10 11 A4 L 129 6v L 09 Il 0901 8¢ € 2002/L/8
00 €0 4> 4 €85 G0 L'y 90l  ¥El v.0L 6°¢ I4 2002/6/L
L0 L1 €s € l0S Sv 99  Lle  LLL 866 L'V € 2002/8L/9
10 1L 6'¢ € ovy 6¢€ 29 098 ¥Zl Gl16 L€ € 200z/02/S
Iv uosl prvisN (/Bw) (1/6w) (/Bw) (/6w) (6w) Aupiay (sn)  HA  (NdD)  ajeg
(pdd) Buipeo ssL $0S IV up uolj 3N puod Pplald Mmold
Wwieas 1o apls alisoddo uo gLggN se abieyosip Jejiwis agZedgnN
S0 g €0l S 8ls 29 ¥9 (-1 74} g¢6 SV Vi abeiany
S0 6¢C 98 9 s ¥'s €9 61% 96 188  G¢ 8 €002/SLIY
G0 G'g L8 9 /8¢ 0§ 8§ L'Ge /8 Geg L'y 8 €002/61/¢
70 LT 60l L 665 TS 6 el TS 96 6% 9 £002/5/2
60 G'9 9'8l I4 l0S 8% S§G T9 €0} re 9V Gl €002/7L/L
v0 vz 06 } Gbe €6 96 L2Te 9Tl Gee T¢ 9 zo0z/91/2l
A 0l e¥ 4" 69 S9 29 ['8e 6Ll GZ0L L'y € z00z/8/1L1
A A S'¥ I4 2¢9 08 0. 60¥ 6vl 000} ¥¥ € z0o0z/6/01
S0 €e S/ € 195 96 L', 98y 95l S00L L€ 4 2002/v/6
90 LT v'ol Z 9/ 18 gL 8le ¥l 196 8V 9 200z/L/8
90 vy gcl € 86 99 TL v¥sy 0gl ¥86 LS 8 z00z/6/.
L0 zs eyl ol 0¥ G'§ €9  SI¥ ¥l ev6 09 Ll 2002/81/9
90 Zs Lyl 9 oly 8% 66 Tl Ll 068 06 Ll 200z2/02/S
v uosj pioyleN (1/6w) (/6w) (/6w) (/Bw) (/6w) Aupioy (sn)  Hd (Wd9) g
(pdd) buipeo SsL 0SS IV Ul uolj 39N puod piaid4 Mmojd
"youelg YHoN apisaq abieyosIp ||om seo aiegnN

- -



£z 40 g abed $00Z ‘61 AeW ‘Aepssupsp

1 £'1Z  6'6Sl > 798 O0Sy Oy €66  ¥¥9 Z8ll LT 2 abeiany
zel AT WA A" I4 1S9 VvIE 0% L9  IGE g9yl ST Ge £002/S Ly
ad gL 26StH L 296 ¢€ve 8¢ 8¢y  6LE 0051 LT Ge £002/6L/E
6'8 Lyl LLE1L el 0L ¥'S€ 8¢ €8S  L¥S yvol 6°¢C I £002/5/2
zzel 622 9¢ll I4 8G9 O0ve 6¢ L€9  2Z8F 8Sll ¥ 0¢ €00Z/vL/1L
Z9 LSl 906 14 9z, Z¢yr 8¢ ¥S6 629 glel §'1 4} zooz/9Lich
ze v's 0'6C 14 LbEL €9, SF  6'6LL 996 gsle 9¢ € 2002/8/LL
0¢ v's 0’62 } ovel ev8 Lv  L'eee 602k L¥Ze 9¢ I4 200z/6/01
€9 zoz 6'Cob g zlzh CTOL TV evZe vyl g9t ¢t 8 2002/¢/6
(] Gg'gl  99¢el L €. 08 T¢ €e€. TS 2oLl 9T 4 z00e/L/8
LSl L8 glze b ZLL GS€€ 6¢€ ¥L9 8y €95l L€ 6¢ 2002/6/L
y'iLe l'0e  ¥'€9e L pSs @Sse ¥ ¥0S vy 69¥L L€ 0S 2002/8L/9
zle 129 0eey 4 lc9 €6¢ 0% §08 L¥S GLLL LT 9 200z/02/S
Iv uosi ppYIeN (1/6w) (bw) (7/6w) (/Bw) (/6w) Aupoy (sn)  HD  (Nd9D)  ajeq
(pdd) Buipeon ssL  V0S IV Uy  uoJ 38N puod pjald Mold
‘[JouuBYD Weasis ay} asoqe isnl jlods aulw wody abieyosig glegnN
9°¢ A 8eh 14 88 v9L 9¢ T9  0fT pSkE €€ 44 abeiany
€cC G'¢ (A4 S €6y 6Vl LT L'ze vl 156 0°¢ el €002/SLIv
LT G/ 6'€ll € gey 90L 9l €9 G6 ov8 G'¢ 00l £002/61/S
6l 9¢ v'oC 9 69, €2 Vv Ter tpie ggel €€ L £002/5/2
&4 G'¢ zee b 6y O0LL Ve ¥vZ pee 99zl 0'¢ 4} €002/¥L/L
12 6C 622 4 699 91l 8v 162 8eZ  LlZl €T 8 zooz/9Lic)
z0 90 LT L 18, L'tk V'S gLS 62 06LL OV } 200z/8/) 1
1’0 90 v € €9 TSL 0§ 1’89  69C  §2CL OV } 20o0z/6/01
%0 gl (A S 869 6Ll 0§ 0%9  G62 LlelL €72 4 2002/¢/6
L0 €e 8¢l b €99 8%l L'¥ €9y 08¢ Lozl 0°¢ 4 200e/L/8
Gl 0¥ gce I4 29 €8l 8¢ €Ly 69 €0l v'e L z00z/6/L
LL gL 8'zs L 6cy v9l €T 69l T6L L0l TY oe z00z/8L/9
LT LTl 0Tl € 19¢ 1el 6l L'el 68l ov6 T¢ LL z002/02/S
v uosj poyieN (/bw) (7/Bw) (/Bw) (1/Bw) (/6w) Anpioy (sn)  Hd (NdD)  opeg
(pdd) buipeo SSL t0S IV UN  uodl 39N puod plald Mmojd
‘JauuByO WEakS ol sodap o4 ‘wealdis Jeau Aiaa “Ino duis pjo jo no Buimol dess d9cgnN

& ‘o



£Z 4o / abed 002 ‘61 Aew ‘Aepsaupspj

r4 08 Z0 Z0 20 g sz 69 abesany
Z 08 20 20 zo 8- ovZc 69 200z2/02/S
v uosjj pYISN (/Bw) (/6w) (Bw) (/6w) (/Bw) Aupoy (sn)  HA  (WdD)  apeq
(pdd) buipeon ssL  v0S IV uny  uoif I8N puoy piatd Mojd
peOY OpeJop(d 1k g Aeingii] o yinopy JesN S099N
vy gLl v'90L- S 0cL 80 Ll 1'e g- JT X 986 abelany
% G6 80 90 1 18- €ez LS £002/S LY
L 0¢ v¥0 20 S0 0 8zl 8§ £002/61/¢
r4 09 €0 ¥0 A G- l0g 6§ £002/6/C
€ 8, S0 S0 9l gl- 66 09 €002 L1
6 S¢ €0 20 90 L- 90z ¥'S 200z/91/2)
6 66  ¥0 60 L'e L- €ze LS 2002/8/11
¢ 00€ 12 0% g'el  6F s TS 200z2/6/01
S 29 L) ST SV r4 60S €6 2002/¢/6
€ 82 Tl 0Z 0¥ G- Gly 66 2002Z/L/8
14 20z ¢l 6l G'¢ 6" g8sy 09 2002/6/.L
7'y 'Ll ¥90L- 9 28 ¥0 G0 Sl 6" 6lC 89 986 200Z/61/9
9 lZ S0 €0 60 8- voL 1’9 2002/12/S
v uosf poyieN (1/Bw) (/6w) (/6w) (/6w) (/6w) Aypoy (sn) HA  (WNdD)  apeqg
(pdd) Guipeon sSL V0SS IV up uol] 2N puod ppRId Mmold
yino © Aeinguy jo weansdn isnf youelg YUoN LPEaN
§'G¥ 1’061 £¥8e 14 g6 ¥l oL 9p £l L9z L's 604€ abesany
b 0 01 S0 0¢ Ll 95l ¥'S £002/61/€
14 solL 6l 1) 9 iz 8 TS £002/7 L1
% vel ¢l eT 'S Z l0S 8§ 200z/6/01
G'GY L'05L  ¢£¥8e g 2L Tl L0 0% (] 00z ¥9 601 2002/81/9
g 69 Tl S0 T¢ ol 9l ¥'§ 2002/02/S
v uosj ppyIeN (/Bw) (bw) (/6w) (7/6w) (/6w) Aupdy (sn) Hd (NdD)  ajeg
(pdd) buipeo-y SSL  tOoS IV upy  uoJi 38N puod pidid Mojd
uinow o Aleinquy Jo weassumop isnf youelg YUoN OvanN

@ w



£Z jo g abed ¥00Z ‘61 Aew ‘Aepssupam
6l 60 z9l 12 681 s 9L 6l Y4 8¢ SV 19 abesaay
8¢ S0 8'sC Z vic ¢v Tl 90 62 SIS ¥V Gl €00T/SLiY
6'¢ 60 v ¥ L ¥6 0Z 90 S0 gl 62 ¥'S 09l £002/61/€
L0 80 88 € 95l vl 60 9 8l 89z TS oy £002/5/C
90 80 0L el 09 90 ¥0 L0 9 gel TY¥ 56 zooz/9Liclh
7'l 0Z £Gl S Lle 8¢ 6 §'G 4 789 S 0¢ zo0e/8/LlL
¥'0 90 8'9 4 9z ¢l 8¢ §¢ 8z 00S ¥v 0z 200z2/6/01
€0 Ll 6L L ve ¢l §Z TS L 20s T¢ 8l 2002/¥/6
L0 80 v'6 4 oL 9l el 8l r4 0e ¥ Ge 2002/L/8
zl S0 G2l 4 6cc Lt L'} Sl L€ 8ly TV 8z z00z/6/L
LS 80 (847 L 002 ¢V L1 90 e 19 ¥'§ oLl 200z/81/9
L vl 62T 60 ¥0 174 €0e  8¥ z00z/0z/S
v uos poyIeN (1/Bw) (7/6w) (7/6w) (7/6w) (1/6w) Aupioy (sn) Hd (WdD)  apeq
(pdd) BuipeoT ssL ¥$0S IV Ui uolj 19N puod plald Mmojd
19130 puod e pejdwes -Buuds e Aq pa) - sa|id jlods Aq palesto puod goLganN
14 Ll 10 00 20 b 16 €9 abeseny
4 Ll 1’0 00 <TO b~ 16 €9 z00z/02/S
A uosl proyIeN (/Bw) (7/6w) (/6w) (/6w) (7/6w) Aupioy (sn) Hd (WdD)  apeqg
(pdd) Buipeo- SSL  v0S IV up  uoJ 38BN puod Pplald Moild
o Kenqu 1o yinow LOOEN

w



£z 40 ¢ obed 002 ‘61 Aep ‘Aepsaupasq
00 10 20 8 o ! 1’0 0l 0l ve- ¥LL P9 } abelany
00 00 00 0 €00Z/8L/g
00 00 00 0 £00Z/SL/1
00 1’0 L0 L rd} 1’0 Al ¢oy e 0L 66 0 z00z/8/01
00 zo S0 6 7l 00 60 90l  O¢f- ozk 0L Z 200z/81/9
00 €0 S0 6 €l 00 60 0zZL ¢ LWL 9 z z00z/12/s
v uosyj pioyleN (1/Bw) (1/6w) (/6w) (/6w) (/6w) Aupoy (sn) HA  (WdD)  speq
(pdd) buipeo SsL $0S Iv up uol] 38N puodp pRId Mol
"eaJe dweMms ui-—-puod SA0CQE uleq pue asnoy mojag abieyosip jlews gosasgnN
00 YA/ 19 S .S 1o v ¢el S 997 1’9 £z abesany
00 LY 9'G- > LS 00 L2 €91 6l WA ¥z €00Z/SLIY
10 (7 SLL- € ¥ TO Al €9 gl- oz 1’9 ¥S €002/81/¢
00 0c 8l z ¥9 10 A 6l Tl €6 8% 4} £002/5/C
00 g1 10" L 65 10 0z 2oL |- e 9% zl £00T/EL/L
1’0 vy SLl- zl A AL el z8 l2- iz LS 4 zooz/9LelL
00 Ll A 8 zL 00 ee gL ¢ v6Cc 09 S z00z/8/LL
00 S0 €0 9 ¥9 00 [ €6l Tl- 09 66 4 2002/8/01
00 Z' el- 14 Yy 00 ¢€¢ 96l 12 lsc LS S 2002/¥/6
00 Z'l 6L~ 4 8s 00 62 0SSl T 192 19 L 2002/L/8
00 v'e S'l- 14 8y 00 ee gL LL- ovZ ¥'9 Ll z00z/6/L
00 6¢ vyl 9 S 10 Ll 19 0¢- 692 2L ov 200z/81/9
00 g's 9'9z- 9 z6 00 9l g Lg- 8vz 0L 09 z00z/12/S
v uolj pdyieN (7/Bw) (7/6w) (/6w) (7/6w) (/6w) Aupioy (sn) Hd (WdD)  ajeqg
(pdd) Buipeo SsL $0S IV up  uosl I8N puod piald Mmojd
"aUIjpoOM 1B MO[} 9B} pue 9bB1eyosip 1e sjdwes "weal)s sy} A[1oalip SMOJ)
pue .UCOQ Jusuiieall e mwmwmau>n jey} |suueyd paul] auolsawli| e ojui @:_@._mcow_b MO} paleuliielucd o ®9ml_ QQVQNZ

@

w



£2 Jo 04 abeg P00z ‘61 Aew ‘Aepssupap

10 S0 L'L- 8 78 10 € 6T 9 0cc 09 8z abesany
20 80 §0- 0¢ 96 €0 Sl gl I- 9/l 8% S¥ £002/61/¢
00 €0 zl- 4 08 20 61 v'e 6- 85z 09 4 £00Z/¥1/1
00 0] €0- z §ZL 00 0z T8 8- 6/c 8'G ¢ z00z/6/01
00 zl 8¢ 9 8/ 1’0 1l 1z L- €6l 89 Sy 200z/8L/9
00 10 8¢ I €8 10 TO0O €0 L- g6l 9§ €¢ 200z/02/S
v uosj PpYIBN (1/Bw) (1/6w) (/6w) (/6w) (7/6w) Aipdy (sn)  Hd (WdD)  ajeq
(pdd) Buipeon ssSL ¥0S IV up uoii I3N puol ppEid Mmojd

2JNJONJIS ||BJINO 9Y1 1B MOJ4 9y} aINSeall pue pus Je} ay} je Aisiwayo

1o} 9idwes puod o pus Jej je Sl auoz deag "slaAeaq Aq paldnodo mou st Jey) 1o dujs Buipasy abieyosiq geo3gnN
leel v0Z  SV0SL ¥ I8l 8¢ L't L0 0¢ be L'y S0.¢ abesony
4 6Vl ST €2 S0 6l 0l 0§ €002/61/€
b loZ ¢ 9¢ S0 Le LWy € €00zZ/¥ L/
S gl 91 9§ §I 14 eor 67 2002/6/01
L2eL  ¥0Z  SvosL 9 6l 8¢ T¥ 90 o 96e LS 50.2 200z/8L/9
14 S¥L 8¢ LT SO0 8¢ ele vy 2002/02/S
v uosl pYISN (1/6w) (/6w) (/6w) (/6w) (/6w) Apdy (sn) HA  (NdAD)  apeq
(pdd) buipeoT ssL  Vv0S v UN  uoiy 38N puol pidl4 Mol
3 Aiejnqul jo Yinow 1038N
10 20 vl (4 6l 10 20 6°¢ 14 IATEE Lg abeiany
10 L0 ze l 4] 10 o vl 14 ozl S ov €002/81/€
00 L0 e b vl 1’0 o L) L gzl ¥§ Ge €002/EL/L
00 80 80 4 Lg o 90  ¥8 6 el 2§ 8 200z/28/01
00 L0 L)- I4 ol 1’0 o €1 €- 0SL 29 Ly zooz/gl/9
A 0l L'e S gL 20 10 G1 4 oLL 9§ 9s z0oz/1e/s
Iv uosyj pRyISN (1/Bw) (/6w) (7/6w) (/Bw) (6w) Aupidy (sn)  HA (WD)  apeg
(pdd) Buipeo ssL  v0S v up  uoy I8N puod piaid moijd
alnjonj)s 812J0u09o woJy obieyosip - puod aAoqe uieq pue asnoy mojaq abieyosip Jebie aisagnN

i

@



£Z Jo L1 abed

p00Z ‘64 Aen ‘Aepsaupam

£ 6iv tLL 8Tl 2T 9Ll 89, 9°¢ abesany
Z v 66 8'6 L1 08 ¥09 8¢ €00Z/SLIv
€ 8L 1S 0¥ 80 o¢ vee 0OV £00Z/81/g
€ 68¢ 0Ll GO0l O0¢ 00l 9/9 8¢ £002/9/2
L ez v9 99 ¢l €5 gy 0'¢ zooz/oLiel
9 866 2Z2l 68SL LT 101 €06 €V zooz/g/LlL
I 2oL L€l €0C ¥e 99l 290l L€ 200z/8/01
l 69 6GL 0% 6G¢ z8l ¢kl 9¢ 2002/¥/6
L vwy 02l LYyl €¢ LSl vi6 €€ 200z/8/8
l 98y 9SL L/l L€ Syl 156 L€ z00z/0L/L
L €6¢ S¥L 6LL 6 LLL LLL B¢ z00z/61/9
4 iec 1’8 vl L1 /8 IS 8¢ z002/12/S
v uos] poyIeN (/Bw) (/B6w) (/6w) (/6w) (/6w) Aupioy (sn)  Hd (WdD)  apeqg
{(pdd) Buipeo SsL ¥$0S IV Ui uolf  IBN puc)y pjaid mojd
"3 Areynqu 1 0} Alejnguy Jo yinow je (e inQ puod 0Z3gN
I 6 10 10 10 A 22 L9 abeiany
I Ll 00 10 00 9 0sz 19 200z/6/01
I S A\ zo A ¢- €0z T9 2002/02/S
v uosj pidYIeN (1/Bw) (/6w) (/6w) (/6w) (/6w) Aupidy (sn) HA  (NdD)  ajeq
(pdd) buipeoq SSL ¥0S IV up uoll I8N puod ppaid Mmoid
peoy e 3 Aseingu | 0} Aeinguy jjews jo Yinop 0L3J8N

(



£Z 40 Z4 abed P00Z ‘61 Aep ‘Aepsoupap

X1} 69 i y4:18 17 868 '8y ¥'8C 9¢€ 8y  9¥vl €€ £g abesany
ze 6y A 4 0/8 905 68 8L GIE g6l L'e Ge €002/5LIY
G'1S 9Ll 6'8¥E 14 G80l €¥S <T9 €Tl 89t gsel ¢'¢€ 6. €002/81/€
L2 6L 6'2Zvl gl €Lll €05 88Z ¢€le 19§ geLl 9¢ 12 €002/9/2
gLl g0l  8Svl 4 VL. S6y L2 L6 SOV Tyl TE 0¢ €00Z/v /1L
601 A 4] 66 ¥E¥ 692 E€V¥r  ¥LE oevl 22 k4 zooz/9Liel
v 8¢ g9 4 ¥18 06¢ 8¥C TG  9ge €8l 6'¢ 6 z0o0z/8/1 1
6C 6l €82 4 666 60y LGZ 99T  €6€ vl Ve 9 z00z/8/01
1'G L'e 0'8¥ b €86 Ty 962 L8 S¥y  CISL ¥T 6 200z/v/6
98 4 8'¥8 I L6 S€y 02¢ St 82y  ¥SSL L€ Ll 200z/8/8
el 0§ 0,0} € 108 ¥S5 LTe 60Z 9y  009L Q€ 0C 200z/0L/L
6'/¢ LL 6'€2E 14 €LL 0.5 1’08 L0l l8Y  g€6¥L €F el 200Z/61/9
6'6¥ L 09Zy € veL Tov LlZz ¥O0L  ¥6€ 06gl €€ 06 200z/12/S
Iv uosl pidYISN (/Bw) (/Bw) (/6w) (/Bw) (/6w) fApdy (sn) HA  (NdD)  ajeqg

(pdd) Buipeo SsSL V0SS IV up uoill I8N puody pfeld Mmojd

‘wealls

0} JoJeau Moj} .mm._mr_ow_u 1B WayD ‘"wealls 0] S82In0s w_a_::r: ‘deas abuelo yiep wm._mn_ ,wm J40 peoy ueag QQNmmz
§vl A 0zl S 1802 8'€0L 9¥%. L'OV 698  ¥08T O¢ 4? abesany
68 L'l 371 4 805 ¥66 96, 98 628 lz62 9¢ 8 €00Z/S MY
002 ze v LEL 14 l6vZ 6'¢0l €.9 89l GlL 065C 6C 9l €00z/8l/E
Lyl LS g8l 9 0zez vLLL 08L TLy 186 0282 §'¢ (o] €002/9/C
€1z 6L L'yS1L 9 €20Z 1'8LL €9L Ovyr 958 818z 8¢ Sl €00Z/¥ /1L
08l L8 ZLE) 9 60Vl 2€8 295 ¥O¥ G€9  9¥ZZ 07T 8l zo0z/9L/ZL
gL gy ¥°99 Ll 986l 626 L09 685 0T8 z0sC 6°¢ L z00z/8/LL
9'G 6¢ g o g vigez L'€0L ©/9 9¢€S 998 €6/C €€ S 200z/8/01
] [ L'68 9 6622 GCLL 0€8 P95 166 1862 1T 8 200z/v/6
yol 1'G 0'¥01 4 920 096 8LL Sy €96 ozie 0¢ 6 2002/9/8
60l g¢ 168 I 6202 C€LL 006 Llg 988 gole ¢€¢ 8 z0o0z/0L/L
602 v'9 L161 4 89l ZV0L 808 6'lE .86 §982 |'¥ Ll zo0z/6L/9
6'9C VL g'cee L 90LL L'lOL SLL 6Lz 288 L18Z 0'¢ r44 zooz/1e/s
Iv uosj pyieN (bw) (7/6w) (/bw) (/6w) (/bw) Aypoy (sn) HA  (WdD)  oeq

(pdd) Buipeo ssSL ¥0S IV Ui uolj 9N puody ppeild Mol

"sselb ||e] Jeau auIquiod sauoz dess jlews sidiynw ‘gezZIgN 40 I1ses isnp asz3gnN

w o



£Z 4o g} obed

002 ‘61 Aep ‘Aepsaupsj

50 [y A 17 0L Z0 €0 2O 0 09 29 zie abelany
L IS €0 ¥0 vO € gyl 66 £002/8L/E
4 18, L0 ZTO0O 00 4 9sF 1’9 200z2/8/01
S0 Ll z'le- 4 GLL L0 20 €0 L- vz €9 zle 2002/61/9
9 €8 €0 €0 20 4 8/L L9 200z/1e/s
v uosj  poyIeN (1/bw) (bw) (Ybw) (6w) (/6w) Aupoy (sn) HA  (WdD)  apeq
(pdd) Buipeo SsSL 0SS IV up uolj 39N puod ppRI{ Mo
yinow quj jeyuswiuosiaug eyd)y Ov38gN
00 00 €0 > 6¢ 10 o 20 ! 0ZL 99 St abesany
00 00 €0 € 6¢ L0 A L 0zl 99 Sl 200e/12/s
Iv uoll  piyieN (1/bw) (Vbw) (/6w) (VBw) (/Bw) Aupoy (sn)  HA  (NdD)  geq
(pdd) Buipeo ssL  v0S IV UN  uoy I8N puod pei4 Mol
‘Yinos wodj puod Jaaeaq Buipas) Buuds jjews GEIEGN
20 20 1o L A AL 10 20 I €8l 19 68 abesany
S0 v'0 e P gl 8l Z0 Lo 20 z- €l 66 861 €002/81/¢
00 10 90 4 4" 10 ) 20 I zee LS oy €002/YLIL
00 00 00 0 200z/8/01
00 20 vl € 82 00 10 20 l 6l 0L z8 2ooz/el/9
7’0 90 6l 4 Ze €0 L0 ¥0 L vLL 86 sZl zooz/1e/s
v uos  pioyieN (1bw) (1/bw) (/6w) (/6w) (/6w) Aupoy (sn)  HA  (WdD)  geq
(pdd) buipeo SsL 0SS v Ui uol] 39N puody ppeid Mmold
"aez3agN pue ggzagN sabieyostp saoqe Aejnguy Jo siajempesH 0¢€3EN

L



£Z 40 ¥4 obedq

7002 ‘64 Aey ‘Aepsoupspj

§T 00 9’6l £ 06¢ L0L 96 00 6 Tls LY €T abelany
9¢ 00 8'ce 4 vy 00l 96 00 €9 1G9 6'E 0 €00Z/S LY
6V 00 6'6C € g9 8/ 6'9 10 Ly Ges TV €5 €002/81/€
ze 00 VLl I gy v2l 60L 00 66 ov. TV Gl £002/9/2
8¢ 00 v'ie 6 ¥9e 06 G'6 00 89 09 T¢ 9z 200z/9L/2)
60 00 ¥'9 9 Gy 8¢k ¥LL 00 68 ¥vSL 9V 9 200z/8/ 1)
9'0 00 €S L 105 LML v¥LL 00 86 8L TV S 200z/8/01
G0 00 8¢ L Z8e  9LL  ¥IL L0 06 gLL G¢ 4 2002/¥/6
i 00 6Vl I 9/¢ §'. 00, 00 €8 869 0OV Gl 200z/8/8
A 00 8'6 I 19¢  ¥0L GS0L 00 18 889 ¢¥ (] zooz/oL/L
4% 00 G'l¢ 9 G 66 8'8 10 68 00L ¥ Ge 200z/61/9
9'g 00 Ty 4 €6 L1 vl 00 99 286 ¢V 09 zooz/Le/s
Iv uos prayieN (1/6w) (/Bw) (7/6w) (/6w) (/6w) Apidy (sn)  Hd (Wd9)  ayeqg
(pdd) buipeo SssL  VvOS IV Ui uoil I8N puod ppRiy Mmold
-adojs apis |1y woJy buuds agcsdgnN

6L} At G891 v r4: TR W 4 6 £0 6} 688 LYV £.S abesany

14 051 9%¢ 9¢C €0 61 90¢ SV €002/S LIV

L 6el  v2 £e S0 8l viz L'y €00Z/8L/ge

€ €z §'¢ LT ¥'0 T4 oy 'S €002/9/2

8 gL 91 €T 10 vl 062 9°¢ zooz/9LeL

€ 88l 6L v'e A ¢l Lle TS z0o0z/8/LL

z oLl L) L' €0 Ll Z6e  §'S zooz/g/0l

8 €Ll §'1 v'e €0 6l voe T 200Z/v/6

z 9L S 6¢ €0 9l 0 6% 2002/8/8

L 25l 0¢ G'g A Ll Zve 6V zo0z/oL/L
6L A4 G'891 9 191 9T 8¢ €0 T4 0ge 06 €15 z00z/61/9

S gel  L'g LT Zo T4 l0e Ly 200z/12/s
Iv uos poyieN (/bw) (1/6w) (/6w) (/6w) (/6w) Aupoy (sn)  HA  (WdD)  opeq

(pdd) buipeo SSL V0SS ¥ Ui uoJj 13N puod ppRId Mmojd
QU [elUSWIUOIIAUT BYd]Y YlIM 80USNJUOD 9A0ge Wes]s Ul 3 Aeingu) 0SJ8N

w



£Z J0 9} abey P00Z ‘61 Ay ‘Aepsaupaps

Z 62 20 o vo £ £el 69 abeiany
r4 6 ¢0 L'0 v'0 € eel 66 2002/12/S
v uosj pyieN (/Bw) (/6w) (/6w) (/bw) (/6w) Auproy (sn) HA  (NdD)  apeqg
{pdd) Buipeo-] SSL 0SS IV up uoJj I8N puod ppRId Mmold
spuod Jaaeag ybnoiyl abueys Ajsiwayo ssosse 01 L8N Jo weassumod 08389N
z0 0l 1’ 9 I8k 0T ¥¥  60L Ll g0y  ¥'s L abesany
A v'0 L1 oL 06l 22 T¥ 8% vl 99¢ TS 9 €002/S LY
v'0 Lo 8¢ S Syl 62C T¥ ¥S ¥4 09 T§ L €00Z/8L/€
40| 90 el L 66l 1T L'y 88 8l 28 66 9 €002/9/2
1’0 A L1 vl 02z 12T L'y 89 ze 6y €6 € €002/ L/L
€0 L0 1'Z 8l 88l 6T TV €L X4 G8e L'¥ 8 z00z/9L/2L
10 €0 80 S 8L 0} 6'¢ e'g vl 16 €6 S z00z/8/LL
00 S0 80 4 ¥SL ¥0 oy 61 vl 0¥ LG S zooz/g/ol
00 L1 el 4 68l €0 2y 66 4 iy 0§ 6 2002/Y/6
00 80 el 4 Z8L 90 0¥ 16 Gl 0zy 8§ 8 2002/9/8
G0 A4 z S lSL VS gL ger ¢l Ly 66 8 zooz/oL/L
v uoJj pvIeN (Vbw) (1/6w) (/Bw) (1/6w) (1/6w) Apoy (sn)  HA  (WdD) g
{pdd) Buipeo-] SSL V0SS IV up uosl I8N puod piaid Mmol4
Assaw M\ "sauenguU] 0Mm] JO OUBNJUOD By} Jeau Buljjomdn sbuelo obie asidgnN
9 8kl 20 1’0 S0 b €8 8§ abesany
9 szl 10 10 90 - vze 86 zo0z/8/0l
8 SlL 10 2o S0 G- g9z LS zooz/6L/9
S oLl €0 20 ¥'0 z 09¢ 9§ zooz/1zls
v uoil  prvIeN (/bw) (/6w) (/Bw) (1/6w) (/Bw) Ayploy (sn)  Hd (WdD)  a3eqg
(pdd) Buipeo ssL 0SS v U uos I8N puod piald Mmold
qu] [euswiuosAug eyd|y uialsem sy} uo puod woly abieyosiq cLIEN

e L



£Z 40 1} sbeyq

002 ‘61 Aeyy ‘Aepssupaps

80 2L 6'¢Z- 14 ¥4 20 vo 02 ¢- Zlk  S'9 66¢ abesany

€ 2 €0 €0 02 4 00L 19 £002/61/¢

I 4! 10 20 SC I zzL 9 €002/SL/1L

€ 6¢ 1’0 60 0’1 GL- 8zl €9 200z/8/01
80 Ll 6'€2- L le zZo ¥0 9L G- 0zL ¢ 66¢€ 2002/81/9

14 €l €0 ¥0 0¢ € 16 rA 200z/02/5
v uos  pviISN (1bw) (1/6w) (1/6w) (6w) (/bw) Aupioy (sn) HA  (NdD) ajeq

(pdd) Buipeo SsL v0S IV U uos 38N puoy pjald Mmoj4
dsy<4€EN pue doy4aN mojeq 4 Auejnqu | SEJEN

1’0 00 A’ ¢ 0z 10 1’0 10 ¢ o 1 A S 17 abesany
00 00 S0 4 ze 1'0 00 00 I T A 05 €002/SL1v
70 10 1’9 € 9l 10 1’0 10 r4 18 TS (1]%4 €002/81/g
10 00 8l 4 62 20 00 10 8 8/l 09 0z €002/9/2
00 00 9¢ r4 8l 'O 00 00 4 lel €6 0S €002/ L/L
10 10 4> S 1z 10 1'0 10 4 96 6 0L zooz/9LeL
00 00 00 0 z00z/8/L1L
00 00 00 0 200z/8/01
00 00 00 0 2002/¥/6
00 00 7’0 I 0Z €0 20 %0 € €0l L's 6 200z/8/8
00 00 00 r4 9l 00 00 10 0 g8 9% 8 200z/0L/L
L0 1’0 el € 1z 1’0 00 10 I el 29 G/ z00z/61/9

8 i 20 00 2o L oz LS 200z/12/5
v uoll  pryieN (ybw) (1/bw) (7/6w) (1/6w) (/bw) Aupoy (sn) Hd (ndo)  apeq

(pdd) Buipeo SSL  $0S Iv UAN  uogy 38N puod piald Mmol4
spuod saneag 0} smoj4 “(Apogoine pujyag) asnoyiamod p[o jeau Buijemdn gLeIgnN




€2 40 g4 abed

$00Z ‘64 Aey ‘Aepssupdp

> AL o 20 0 g2L T9 abesany
€ 6 Z0 A 4 LLL LS £002/61/€
L 6 L'0- 00 10 € gyl 29 £002/S/1
z 12 1’0 €0 20 6 98 9 z002/8/01
6 L 20 10 €0 L vl TL z00z2/81/9
4 6 4] [ I AL z zZZL €9 zo0z/02/s
v uol  pPVIeN (1/bw) (1/6w) (/6w) (VBw) (1/6w) Aupov (sn)  HA  (Wd9)  ajeq
{(pdd) buipeon sSL V0SS ¥ Ui uol| 3N puod pieid Mmold
asv4aN pue Aoy4gN aaode 4 Aeinqul SSd48N
00 S0 92- 4 W 00 LT £ 2T ysL €9 0t abeiany
00 10 vl- € €€ 00 60 €1 L- 2L ¥9 L £002/61/€
00 zo L0- 4 62 00 L1 2T L- gZL T9 8 £00Z/E /1
00 S0 G1- 14 Gl 00 ¢€¥ 6L ye- €Ll 29 S 200z/8/0L
00 90 ze 4 065 00 ¥ 0L 6g- LLL 8§ L 2002/¥/6
00 S0 v'e- € ¥ 00 S¢ 8§ 82- viL €9 L 2002/L/8
00 1) l°g- 14 /S 00 0t 8¢ 82- goL ¥'9 174 z00z/6/L
00 €0 G'1- L 66 00 V2 9¢ gL~ 09 69 L Z00z/81/9
00 ¥'0 81" € e 00 91 §C zL- o€l €9 €l z00z2/02/S
v uoyy pyvIeN (VBw) (1/6w) (/bw) (1/6w) (VOw) Awproy (sn) HA  (NdD)  ageq
(pdd) Buipeo ssL ¥0S v U uoll 19N puod ppBld Mmoid
‘WBal)S O} SWIOS ‘qu) Wep JoAeag 0} SMOjj 9wos "0y4aN Jesu sdass abuelo Jo uonos|jod asy-48N
(1] (A 4 > £ 10 80 €§ 9i- €8 1’9 65 abeiony
A 9l 61" } Sl 1’0 1'0 80 b= €9 09 851 £002/61/€
00 80 €0 z ol 0 20 61 L 99 09 o¢ £002/SL/1
00 0l 9'1- 14 X L0 €L ZOoL  9l- 60l GG 8 z00z/8/01
00 80 8- € s 00 €1 e 99 80l 9§ 9 2002/v/6
00 0L gL- r4 lZ 00 ¥IL 2Z8 ri- €0l 29 L z00z/L/8
00 zl 0¢- € lZ 00 S 08 Vz- oL 29 4 zooz/e/L
00 v'0 §G- S vZ¢ 00 10 S0 L- IS 89 59 z00z/81/9
Z0 A L'GL- 14 Gl 10 20 0l L- 9  ¥9 o8l 2002/02/5
Iv uosj prvieN (Vbw) (/Bw) (/Bw) (/6w) (/6w) Aupy (sn)  HA  (NdD)  speqg
(pdd) Buspeo SSL t0S ¥ Ul uoil I8N puod pald Mojd
"MOYINO puod JaAeag 0} |IBl} Jojoaym-f MO||0} ‘,8SNOH dojd, SPJEMO} ,SIaul0D piald uio, Ised goy{48nN

J

)



€2 40 g4 abed

#00Z ‘64 Aep ‘Aepsaupspm

£ vk 20 10 z0 0 £ZL  T9 abesany
€ 6 A o 20 4 LLL LS £002/61/
} 6 10 00 10 € gyl 29 £00Z/E L/}
r4 L2 10 €0 20 6- 98  ¥9 200z/8/01
6 L) zo 10 €0 I vk TL 200zZ/81/9
4 6 A\ 10 20 r4 zzk €9 z0o0z/02/S
v uosy pyieN (/bw) (/6w) (/6w) (/B6w) (/6w) Aupioy (sn)  HA (WD)  apeqg
(pdd) buipeo SSL v0S v Up  uosl  JON puod pRld Mmold
asv-4aN pue qovy4aN aaoqe 4 Aeinqu SS48N
00 50 9°Z- 17 W 00 2T 5 44 SL €9 (]! abesany
00 10 4% € €€ 00 60 €1 L~ zL v L €002/61/€
00 zo L0 r4 62 00 L1 A L- szl T9 8 €00Z/E L/}
00 S0 gl 4 Gl 00 ¢¥ 6L ve- el T9 S z0o0z/8/0)
00 90 ze- r4 05 00 2¥ 01 6g- (A X L 200zZ/¥/6
00 S0 ve- € ¥ 00 S¢ 8§ 8z- viL €9 L 200z/L/8
00 A Lg- 14 S 00 o0¢ 8¢ 8z- 89l ¥9 74 zooz/e/L
00 €0 G- L 65 00 L'z 9¢ gl- 09 69 L 200z/81/9
00 70 g'1- € £ 00 91 SC zh- 9l €9 €l zo0z/0z/s
v uoyy  pyieN (1/6w) (VBw) (/6w) (1/6w) (/6w) Apoy (sn)  HA  (WdD)  gpeq
(pdd) Buipeo SSL #0S ¥ up uosj 3N puod piaid mold
"WeaJs 0] 9WoOs ‘quj Wep JaARag 0} SMOJ} SWOS "(JOYJEN Jeau sdaas abuelo Jo uoNdajjoD asy49N
1’0 [y A g €2 1'0 80 €S 9}~ £8 1’9 65 abesany
Z0 9L 6L I Gl 10 1'0 80 I- €9 09 8G1 €002/61/¢
00 80 €0 r4 9l L0 20 6l I 99 09 o¢ €002/SL/1
00 0l 9'L- 14 X Lo €} zoL  9l- 60k GG 8 z0o0z/8/01
00 80 8- € S 00 €1 el 99- 80l 9% 9 z00z/v/6
00 0l gl r4 1z 00 vl z8 45 €0l 29 L z00z/4/8
00 A o¢- € Z 00 G} 08 L2 0L 29 4} zooz/e/L
00 4] G'G- S ¥Z 00 o S0 L- LS 89 69 z00z/81/9
Z0 ze L'GL- 4 Gl 0O 20 0} L- 95  ¥'9 08l 200z/02/S
Iv uoll ppVISN (Vbw) (7/6w) (1/6w) (6w) (/6w) Aupdy (sn) Hd  (WdD) aleq
(pdd) buipeon SSL 0SS IV U uos 33N puog ppRId Mmoj4
"MO|JIN0 puod JaAeag 0} jIeJ} Jo[aaUyM- MO]j0) ‘,9snoH doj, spJemo} ,s1aulo) pjaid Lo), 1sed Jdoy4gnN

9



£Z Jo 64 obed $00Z ‘64 Aew ‘Aepsaupap

gl A0 S - 5 6 ZS9¢ 9'09F 0'ZF ¥'SZ0L 890 SY6E 0°E ! abeiany
v 'Sl YoV 8 6¥6y 2002 92L O0¥8Cl €98 00vy LT } €002/S LI
8¢ 09l 9Ly 14 9/29 8802 SZL 96GlZL S09E v¥S¥ 87T } €002/61/€
02 0gl 98¢ 4! ocLy 6691 LZL Y¥'Ll80L €€2€ 002¥ L€ } £002/6/C
8l LLe o Lve L Geey 2102 ¥¥lL 0°€ETL $S8E  SOLF 97T I €00Z/7 /1L
gl 2 W I A 4] €SlE G2Z€l 60l 9156 G69Z ¥69E 2T } zooz/9Lrelh
v'0 Le 08 Gl 0982 9'vZL G0l 9¥68 $S9C 029 8¢ 0 200z/8/LL
€0 0C €9 r4 69l 695 9L  ¥.Z¢ 8G0L 9.6} 8¢ I 2o0z/6/0)
L0 8¢ L2l 8l 6GEL G'GL L6  T¥IF LOVL Ll LT I z00z/e/6
£l ¥'6 162 14 ¥86¢ €80l 60, 008, tveve 0lSE 6¢C I 200z/L/8
§C ocL  Sov L Zoze g0l 6'¢l €601 Li8E Lvvy L€ } zooz/e/L
(87 6¥C  LOL L 86lE 2622 L€l 8'G8El LZBE SE€6¥ L€ r4 z00z/61/9
6 ¥80v 6602 LGL 0CY9lL €2Z¥ LE0S LT 2002/12/S

v uosyi proyIeN (/Bw) (/Bw) (/Bw) (/Bw) (/6w) Aupioy (sn)  Hd (WdD)  apeg

(pdd) Buipeon §sS1L VoS IV UN  uol I8N puod Pp[RId Mol
“jueq jses ay} Buoje sauueys wealis ui paieso] si sbedesg doLoOgN

9°05 SPhlL  9°989 S 66L Vv S1 86 99 S9¢ V¥ 062z} abesany
I s gl 90 €6 1z 0Ll 9F €002/61/
(1] 95z TS €1 LSl 0L} 8es 0¥ £00Z/¥L/1
I g8y 9L 8¢ Sl Gil €9 L'V z00Z/6/01
906 ep¥l 9689 (1] 60l €€ [ €6 44 €52 06 062! z00z/61/9
. 14 16 8C 80 69 8¢ 0zz  v'¥ z00z/12/s

[\ uojl  pVIeN (1/6w) (1/bw) (/6w) (bw) (/6w) Aupioy (sn) HA  (WdD)  aeq

(pdd) Buipeon SSL V0SS v up uolf 39N puog pjeld mojd
o Aeinguy Jo yinop L098N




7002 ‘64 Aep ‘Aepsaupsp

£Z Jo oz abed
19 el @Sk S s0z 1L Sl A 41" Sy 9¢ 291 abesany
68 08z L'I9l L gelL 06§ 80 GGl 68 99¢ G'¢ oSl £002/S 4y
eel 6¢ge Lcle r4 z8 §Z €0 €9 1S ez €¢ 0S¥ £00Z/64/€
6'S o6l 9Lyl 14 00l 02 ¥O0 €9 (14 98z €V 0sc £002/5/2
L9 gz g0l r4 G8 v'e €0 ¥'9 IS l0€ G¢ Gol €00z L1
LS g0l 67¢L 4} 34 Ll Al [ 14" g6l G¢ ocy zooz/olel
4 zs g'le L 66 vOL 1T L'y ovl ay9 OV 8l zo0z/8/LL
z'l ge gLl I y6y 82l €T 092 I8} L¥9 6'¢ 8 200z/6/01
Al 6Ll 6'8F 9 eve ¢¢l  0°¢ 0S¥y S8l LlL €T ze 2002/v/6
6'¢ L LLL I G/lZ 80l C¢ gLy 9lT 08L T¢ 0¢ 2002/L/8
L8 90t Gvel G o0y 18l 9¢ 8¢9 65T L6 §¢ oy 2002/6/L
9¢l v'sy  glle G L VY 80 gcl 99 2l Ly GlT 2002/61/9

€ 08 1'e S0 9L e ZeT  6'¢ 2002/12/S
v uos; ppVISN (1/6w) (1/6w) (/6w) (1/6w) (/6w) Aupoy (sn) HA (WD)  ajeq

(pdd) buipeo SSL vO0S Iv U uoy I3N puod ppeid Mmojd
1uswidinba ypm asnoy puiyaq ‘adid e jo 1no abieyosip auiw deag JsiognN
z0 60 £} 9 I8 (g 80 §'S S 86l 9§ ve sbesany
Z0 el L'0- S 19 €0 ¥0 6¢C 0 WL LS 8¢ €00T/S /¥
S0 0C ze Z ze S0 2o gl € LGS €6 £00Z/61/¢
A4\ 80 6} r4 A0 TAR 4l 8l 6'Sl 62 g80¥ 9§ 14 €002/5/2
A A 8T € ¥8 60 60 L9 9l 6cc LS St €002/v H/1
g0 Sl 8y 9 oL €1 90 A et iz TV 0¢ zooz/olel
00 00 00 0 200z/8/L1
00 00 00 0 zo0z/6/01
00 00 00 0 z00zZ/v/6
00 00 00 0 zooz/L/8
00 A\ 0}~ (]! v 80 9l 8'S 6¢- 02z 09 € 200z/6/L
10 €l GC 4! o v0 S0 Le L- ZeL 99 0¢ z00z/61/9
80 LT €9 G Ly 60 ¥'0 0¢ L el ¥S GL z00z/12/S
Iv uoli pryieN (1/6w) (bw) (6w) (/bw) (/6w) Aupioy (sn)  HA  (NdD)  opeq
(pdd) Buipeo SSL v0S v TN uosy I8N puod pjoid Moj4

‘wiealls ay} 3A0ge Jiods Uo asnoy puilaq pajeoo “flods ay} wioy Buliiamdn azLo8n




£z Jo 4z abed »00Z ‘61 AeW ‘Aepsaupop

60 X} L0¢ Ll 6£88 z'se¢ ¥¥  ¥'29gZ €96. ¥EEOL 0°¢C 0 abeiany
00 00 00 0 €002/SLIv
L0 L9 ele 14! ovie ovel L€  PeeLlL 2els  Ovv8 07T 0 €002/61/€
80 A 9'se ve €211 0852 6€  0'l6ET L£S8 0986 0T 0 £002/5/C
L0 19 6'€C 9 Svey SLLL 8¢  P¥'le0b 9.6€ 8929 8L b €002/}
1'e 68l 999 el oler €¥SL S  6V.iEL €88F 009L LI } 200z/9LeL
6l 86l 869 ze 9g85/L V0¥ 69  V¥9lLly ZhS¥L 05891 8T 0 200z/8/1 1
00 00 00 0 2002/6/01
00 00 00 0 200z2/v/6
00 00 00 0 z00z/L/8
00 00 00 0 z00z/6/L
L'e gglL 189 ol OvE9 GS¥EC L'¥  9'690C G9S.L 08€0l 67T I 20o0z/61/9
SC 9Lz 9¥6 9l €L¥6 7'€8C 1’9  0'LL0€ 90S0L O¥6ZL 9} l zooe/1els
v uoJj piYIeN (1/6w) (1/6w) (/bw) (bw) (/bw) Aupoy (sn) HA  (NdD)  ajeqg
(pdd) Buipeo- SSL ¥0S IV UN  uolj 39N puod pield Mol
‘wiealys Buissoso abpuq anoge

199} 00} ~ Weals 0} SMOj4 "UoHp UOISISAID JO N0 dass jlews “jue} abelols anoqe xa1dwios asujw daap jo ped adscognN
€8l 09 v6le 14 19 10 60 I'e L 9L ¥ (£ ¥4 abelany
v'L2 098 0.€§ } Sv L0 S0 2¢¢ vl el 8% Lsze €002/6 /€

€ 9 L0 80 8¢ 6l €6l 0§ €002/E /1

14 L0l %0 L'z e l lez 8¢ zooz/6/01
€6 Vyr  8'Lol 9 99 80 60 L€ 8 vl ¥9 001 200z/61/9

14 vy 80 G0 LT L 9zl 0§ z00z/1zis
4 uolj plVILN (1/Bw) (/bw) (/bw) (/Bw) (/Bw) Auproy (sn)  Hd (Wd9)  apeg

(pdd) Buipeon SSL V0SS Iv upn uoljy I8N puody ppRId Mmold

Buissouo peos je © Aenquy 0C98N




$00Z ‘61 Aeyy ‘Aepssupap

£z Jo zZ sbed
00 £0 z0 g Sl Vo 6% Z9% SI 9y 09 ! abeiany
00 S0 v'0 L g6l L0 S 68L 9l 00S 8§ 4 £002/8L/€
00 10 2o I zelk 00 6% T9 SC oLy 09 L £002/€L/1
00 00 00 0 200z/6/01L
00 €0 10 € Glz 00 S¥ 6% L ey 99 4 200z/61/9
00 S0 v'0 4 ISL L0 6% 6Vl Tl vy 9§ € zooz/Le/s
v uoil poyIeN (1/Bw) (/6w) (1/6w) (/6w) (Bw) Aupoy (sn) HA  (WdD)  aeq
{pdd) buipeo ssL $0S IV Uy  uoJl I8N puod pieIld Mojd
‘asyoaN 01 agelpe 1o duys Jjo Buiiwep 1aaeaq Jo ynsal
Ajovjij Ajpsous st MOjd "@SE£OEN JO YHOou au} 03 qui} uo j1ods JO apis Woyj o Buijjamdn pajeuiueijucd a4 jjews asyoO8nN
S0 S0 S'9 8 oliz ¢ 6T €S 9y 0zy ¢V (¥4 abesany
S0 20 8¢ 14 oLL 8% 0t VI 9e ¥ 0¥ 6 €002/SLIv
L0 90 Ll 9 €€ 90 90 SO L 96 8V 96 £002/61/€
Z0 zo 6l b 8L L'e 8T C¢ o g9 0¥ 14 €002/5/2
€0 L0 zL £ zeL 6L TV 60 0S 90¢ 9¢ 4! €00Z/EL/)
Z0 €0 A4 9 G651 9¢ vT L€t X ove ¢¢ 9 Z00z2/9L/C)
70 0L 1'G 6 g6z LS 6% €€l IL S¥9 0t 9 200z/8/LL
10 Zo 0L 1 Ll 09 95 02l 69 €9 8¢ b 200z/8/01
10 L'0 g0 € lee §L §S L9 oL 665 v'E I zo0z/v/6
10 €0 €l 14 2S¢ €€ 8¢ 6Ll 0§ €r 8v 4 200z/L/8
€0 40| Le S Sv¢ ¢v Tt TS LS ovs Sy 9 z00z/6/.L
S0 L0 L6 (] 90c 6C 02 b€ €5 z6e 0§ Gl Z00zZ/61/9
ze 9l £ee S %L 61 €1l 'l 6C gz TV 6 z00z/12/s
v uosl PpyiIsN (1/bw) (Ybw) (7/6w) (7/6w) (1/6w) Aupoy (sn) Hd (Wd9)  opeg
{(pdd) buipeoq SsL 0SS v upw uolj J3N puog ppRid Mmoid

"AJJSiUBLYD pue sajel Mo}
10} Wwep 0 100} Je Jajem 103§j0o ue -obedaas jo uoljeuibiio auiwLIalap Jouues) ‘pafiiawigns Si JajeM JO 82IN0S
pue pawiiep J9lem aARY JoAeag "WEBAJ]S JO 9PIS Yaj JO O Ul Sawo0d D dujs -no dugs ui Huluado jjews gseeognN




¥00Z ‘64 Aew ‘Aepsaupap

£2 jo £Z ebed

00 S0 6°C £ e 00 €1 LY 1z 62¢ €9 0 abesany
00 €0 g¢- I /8 00 L0 62 62- LLE 09 0l €002/81/€
00 S0 5'e- € vL [ R - A 4] e- 682 €9 9 €002Z/€L/)
00 00 00 0 200z2/6/01
00 90 v'e- € 85l 00 S LY 0z- 0se L9 (] zo0z/61/9
00 oL A € izl 00 §1L 8¢ ye- goe 29 r£4 200z/12/S
4 uosyj pidyieN (/Bbw) (/6w) (yBbw) (/Bw) (/6w) Aupioy (sn) Hd (WdD)  apeg

(pdd) BuipeoT

SS1

1404

v

U

uodj

SN

puod pieid mol4
‘asrogN aaoqe jlemybiy ay) jo aseq ayj jo o Huimoy Buljjemdn pajeulweiuod a4 [[lewS

dosoOgnN




Photographs

The small arrow at the beginning of each caption
points towards the picture it refers to.



Photo 2: BC40. This station shows
Bear Creek above the confluence with
the North Branch of Bear Creek.

Photo 1: BC30. This photograph
shows Bear Creek below the confluence
with the North Branch of Bear Creek.



Photo 3: NBO5. This photograph
shows the North Branch of Bear Creek
near the mouth.

Photo 4: NB12D. The flow rate of the discharge was
measured from the pipe as shown.



Photo 6: NB15D. The discharge
originates in the area of cattails and
flows to the stream down the trail,
shown at the bottom of the photograph.

Photo 5: NB13D. The discharge
flows immediately to the stream, which
is shown in the far left of the
photograph.



Photo 7: NB18D. The flow and chemistry
from the discharge was measured at pond
outlet in the lower left of the photograph

Photo 8: NB32D. The discharge flows
directly to the stream which is shown in the
lower left of the photograph.



Photo 9: NB36D. The North Branch of Bear
Creek 1s shown at the bottom of the
photograph. The discharge flows from this
short ravine direction to the stream.

Photo 10: NB37D. The discharge flows
immediately to the stream, which is shown at
the bottom of the photograph.



Photo 12: NBD40D.
The discharge originiates
in this channel.

Photo 11: NBD10D. The former
highwall area 1s shown behind the area
of impounded water. The discharge
was sampled at the outfall of the
impoundment.

Photo 13: NBD40D
Pond. The discharge flows
around this pond, which
could be retrofitted for
treatment of the discharge.



Photo 14: NBE20. This in-stream
sampling station was located at the
outfall of this pond, shown in the lower
right of this photograph.

Photo 15: View from NBE20. Additional impoundments
impede the stream flow downstream of NBE20.



Photo 16: NBE28D. Several small
seeps accumulate in the ravine, which is
where the discharge was sampled for flow
and chemistry

Photo 17: NBE29D. The bright green growth indicates
highly acidic water.



Photo 19: NBE62D. Atits
discharge point, the flow is bright
orange as iron precipitates.

Photo 18: NBE52D. The discharge

was sampled at its discharge point in a

small depression above the stream. Photo 20: NBE62D Ravine. By
the time the NBE62D discharge
reaches the stream, all of the iron
as preciputated in the ravine.



Photo 21: NBE75D. The discharge is
immediately adjacent to the stream, which is
shown in the bottom of the photograph.

Photo 22: NBES1D. The discharge
emerges behind this abandoned building and
becomes impounded as shown.



Photo 24: NBG15D. The discharge
was sampled at the flume in the lower
left of the photograph. The culvert is in
the background.

Photo 23: NBG12D. The discharge emerges as an artesian
flow from spoil.



Photo 25: NBG25D. The discharge emerges
from reclaimed mine spoil which is shown in
the background. The discharge was collected
and sampled in this erosion channel.

Photo 26: NBG35D Impoundment. The mine
highwall is shown in the background. The
discharge was sampled at the pond discharge
shown in the lower right of the photograph.



