Operation and M aintenance Plan

Rock Run Site

[ SIEE OVEBIVIBW. ...ttt ettt et e e e e e e e eeeeeeebbbeeeees
A.  Common DesSigN FRALUIES.........uuuuiiiiieee e
B.  GaADEI BrOWN .....eiiiiiiiiiiiiiii e sttt
G PONA A e
D, PONA P ot
B, PONA 23 . ———————

[I.  Treatment SyStem INSPECHIONS ......uuuuiicmcmme e e e e e e e
Al EQUIPIMENT ..ot e e e e e e e
B.  What t0 LOOK FOr....coiiiiiiiiieee e
C. Measuring FIOW RaAeS ........cccouiiiiiiii ettt ee e
D. Measuring and Controlling VFP Water Levels..........cccccceevivineiieeennnnnn.

[I. Treatment System Sampling .........ooooiiiiiiii e
A, Sampling LOCALIONS .........cccovviieeeeees e e eeeeeeeatansss s e e e e e e e e e e aeaeeaeeeeeees
B. Sampling Parameters and Methods..............eeiiiiiinniiiiieeiieeeeeeiiiiies
(O I - | - PR RRPPPPIN

V.  Treatment System FIUSNING ........coooiiiim e
N o 11 11 o .= o | PR
B. Before Starting to FIUSH ..o
C. General Flushing INStrUCtIONS ...........oicceeeeiceee e

V. Potential Maintenance Issues and RemedieS..................ooovviiiiiiiviicinnnn.
A. Inlet DiStribUtioN STFUCTUIES........uuuiiieeaae et
B. Rodents and Other PESIS ......cooooiiiii i
C.  SOlidS ACCUMUIALION .....uviviiiiiiiiiiiie sttt e
D. Limestone ReplaCcemMent..........uuuuuuiiieiieeeeiiiiie e
E. Possible Schedule for Major Maintenance ACe@ti.............cc.c.cvvvveeeennnn.

Figure 1: System Location Map

Figure 2: Gaber Brown Schematic

Figure 3: Pond 4 Schematic

Figure 4: Pond P Schematic

Figure 5: Pond 23 Schematic

Figure 6: Inlet Distribution Structure (Top View)

Completed Sample Inspection Form, Gaber Brown
Completed Sample Flushing Form, Gaber Brown
Blank Inspection Forms, 4 Systems

Blank Flushing Forms, 4 Systems

O&M Drawings, 4 Systems (Plus GB-04)

Page 1 of 18



l. Site Overview

This Rock Run site contains four separate passive drainage treatment systems: Gaber
Brown, Pond 4, Pond P, Pond 23. (The names dfytsiems reflect their designation during
mining operations.) The locations of the systeneasshown in Figure 1. The purpose of this
document is to provide instructions for inspectidhsshing, and maintenance of these treatment
systems. The following sections discuss the gétegraut and treatment system elements of
each of the four treatment systems.

A. Common Design Features

The four treatment systems utilize a common deaighhave several common features. The
discharges at each site are acidic and contamimatecluminum (Al) and manganese (Mn).
Iron (Fe) concentrations are very low. All of #hestems are designed to neutralize the acidity
with limestone aggregate and retain metal solidseitling ponds. The acidity neutralization
occurs invertical flow ponds (VFPs) that are designed with 4-5 feet of AASHTDhigh CaCQ
limestone. Water flows into VFPs on the surfacg éown through the limestone aggregate to a
plastic pipe underdrain system. The underdrailectd the flow and transmits to a water level
control structure (LCS) that discharges to a sefthiond. The water level in the VFP is
controlled, to a large degree, by number of boardise level control structure. Each VFP also
contains a layer of flush pipes placed one foobwehe surface of the limestone aggregate. The
purpose of the flush systems is to periodicallyageenmetal solids that accumulate within the
top 6 inches of the limestone aggregate. Flusisiagcomplished by opening a buried valve.
Each VFP has 2-4 flush zones. Each system hagke $ilush pond that is used to collect the
flushate and retain solids. Flushing incurs infrexafly. 99% of the time, water flows through
the VFPs via the underdrain plumbing. At eachesysthe VFPs discharge to a common
settling pond. At two systems the settling porathdarges to constructed or existing wetlands
where the final discharge occurs (Pond 23 and PYndit two systems, the settling pond
discharges to an oxic limestone bed whose purpotgegromote Mn-removing processes. The
oxic limestone beds contain 4-5 feet of AASHTO #JhhCaCO3 limestone and flow occurs
horizontally 6 inches below the surface of the Btoae. The final discharge from the oxic
limestone bed is either to the receiving strearm@® or to a small constructed wetland (Gaber
Brown) that discharges to the receiving stream.

All systems contain at least two VFPs so that dunrajor maintenance activities when one of
the VFPs is off-line, the water will still be treatby the other VFP.

The systems were designed to prevent large flowa ffamaging the VFPs. In all cases the
collected mine drainage enters an inlet distribustructure that rejects flow in excess of the
maximum allowed. The maximum amount of flow valesween the systems and is adjustable.
Flow passing the flow restrictor is split and pigedhe VFPs. The total flow and proportional
flow to each pipe (and VFP) can be adjusted.
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Figure 1: System L ocation Map
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B. Gaber Brown

The Gaber Brown discharge is located between RarkdRd a tributary to Rock Run. Two
discharges (GB2 and GB6) combine in two seriallgreacted mixing ponds and then flow down
a long, rock-lined channel to a sediment trap. @&B2 naturally alkaline flow, while GB6 is

acid mine drainage. The sediment trap dischatgesigh an inlet distribution structure, where a
maximum of 100 gpm of flow goes to each of two ftit=ad vertical flow ponds (VFPs). During
normal operation, the VFPs discharge through amexel control structure to a sediment pond.
The sediment pond is followed by an oxic limestbed, followed by a wetland. A separate
flush pond collects water flushed from the VFPs slloavly releases it after flushing.

The Gaber Brown area also includes two treatmend@dor GB4, a small seep. These ponds
are located between the GB2/GB6 mixing ponds aedrthin Gaber Brown system. The ponds
are immediately down hill from the rock-lined ditthat connects these two areas. In order to
treat GB4, a small pipeline carries some of thalalk GB2 water. The two waters mix in two
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Legend
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small ponds. This mixing allows the aluminum tonfica solid and settle in the ponds. About 4
gpm of water from GB2 is required. This amourdd§usted via a valve at the GB4 pond
location. The pipeline should be cleaned out emeoynth by opening the valve and allowing it
to flush until the water is clear (5-10 minutes).

C. Pond4

The Pond 4 treatment system is located along Rackd®wnstream of the Gaber Brown
system. The discharges are collected along thedd| then flow into an inlet distribution
structure, where a maximum of 75 gpm of flow gaesdch of two identical vertical flow ponds
(VFPs). During normal operation, the VFPs dischdahgough a water level control structure to
a sediment pond. The sediment pond is followedrbgxic limestone bed. A separate flush
pond collects water flushed from the VFPs and sjaeleases it after flushing.

Figure 3: Pond 4 Legend
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D. Pond P

The Pond P treatment system is located along @resk. Two large, identical VFPs and one
smaller VFP discharge to a common sediment pondwvatidnd. The two large VFPs treat
water that is collected and distributed by an idistribution structure. A maximum of 80 gpm
will flow to each of the larger VFPs. During norntgderation, the VFPs discharge through a
water level control structure to a sediment pomte sediment pond is followed by a wetland.
The wetland discharges through a flow measuringcdeVA separate flush pond collects water
flushed from the VFPs and slowly releases it dfteshing.
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Legend
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E. Pond 23

The Pond 23 treatment system is located along @reskk. The discharge flows into a
sediment trap and through an inlet distributionctire, where a maximum of 35 gpm of flow
flows to each of two vertical flow ponds (VFPs)urihg normal operation, the VFPs discharge
through a water level control structure to a sedinp®nd. The sediment pond discharges
through a flow measuring device. The sediment psiidllowed by a natural wetland. A
separate flush pond collects water flushed fromMREBs and slowly releases it after flushing.

Legend
; . Flush Valve
Figure 5: Pond 23 ® Level Control Structure
Water Flow Path (Normal)
—) Water Flow Path
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. Treatment System I nspections
Each treatment system should be inspected montldyatier extreme precipitation or runoff
events. While the inspection for each treatmestesy will be unique, there are many aspects
that are common to all treatment systems. Keydsmé treatment system inspections include,
in order of importance:

* Measuring flow rates and ensuring proper flow ith® VFPs
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» Checking the water level in the VFPs and adjudtiregwater level control boxes if
necessary.

» Examining berms for sloughing or leakage

» Examining ditches and channels for blockage bydeasticks, etc.

» Checking the entire system for signs of vandalism

» Checking pipes, spillways, ditches, berms, andamet$ for signs of rodent activity.

Water sampling should be conducted quarterly ati&egtions in conjunction with inspections.
More information on sampling is provided below.

The following sections provide general instructiémsinspections. Inspection forms for each
treatment system are included at the end of thesigi@nt. An example of a completed inspection
form for the Gaber Brown treatment system is astuded. All completed inspection forms
should be copied. One copy should remain witHitid inspector’s binder for reference in the
field. The other copy should be stored with thejguxt file.

A. Equipment
Equipment needed for routine treatment system cispes includes:

e Stopwatch

» Large bucket with gallons marked on inside of biicke

* Garden shovel or rake

* Key(s) to access inlet distribution structure aradex level control structures

B. What to Look For

There is no substitute for walking around the erieatment system. Each treatment cell should
be “walked” and any problems should be noted onirtbeection form. While not all problems

will require immediate attention, it is importantriote small problems so that their worsening is
recognized.

For the inspection of each system, it is helpfulaoe the inspection forms from previous
inspections on hand. Any potential issues thaewazntified previously should be checked with
special care. A blank inspection form should eteon each inspection and completely filled
out.

The perimeter of each treatment system cell shoeildalked. Berms should be inspected for
cracking, sloughing, or leaking. Pipes, chanraatsl spillways should be inspected for debris,
and any debris should be removed. All valvestiodmtrol structures, level control structures
should be examined for signs of tampering. Lodlesud be checked. The following sections
discuss specific aspects of treatment system itigpesc

C. Measuring Flow Rates
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The most important places to measure flow rateiare;,der of importance:

* Into each VFP
» Overflow from the distribution structure (if normrecord zero)
» Total flow out of the system

At most stations, flow rates should be measuredguisie bucket and stopwatch method. To use
this method, a bucket or tub with at least 5 gallohcapacity should be used. The bucket
should be marked on the inside with permanent nnank@.5 gallon increments. Start filling the
bucket and start the stopwatch. Stop the stopwatbbr when the bucket is filled or when the
bucket is taken from under the flow. Record thmher of gallons and the number of seconds.
Repeat this procedure two more times, recordingyétlens and seconds each time. For each
recording, calculate the flow rate in gallons peénune:

Water in bucket (gallons) X 60 = gallons per minute
Time on Stopwatch (seconds)

At some stations, permanent flumes have been iedted measure flow rates. Check the flume
for debris and remove any debris before measurkilpw the water level to return to normal
before measuring. Use the dipstick attached tdltinee to measure the flow rate. The dipstick
reads the flow rate directly in gallons per min{gpm). If the stick is missing, record the water
depth in the flume. This depth can be converteslftow rate later.

D. Measuring and Controlling VFP Water Levels

Each VFP on the site exits through a locked bobeda “Level Control Structure” (LCS). The
purpose of the LCS is to allow the operator to sidjlie water level in the VFP either up (in
preparation for flushing) or down (if it is too s to the emergency spillway or overflowing).
The water enters the LCS on the side closest t¥Hieand rises up to the level of the boards in
the middle of the LCS before falling down and flogriout the other side of the LCS.

An important measurement of each VFP’s performasntee amount of head that is required to
push water through the limestone aggregate. Tdlisgevis determined by comparing the water
levels of the VFP surface and the VFP effluentthBevels are measured relative to the
elevation of the emergency spillway. The VFP stgfavater elevation is measured at the
emergency spillway where a permanent gage hasgaeeted on the liner material. The gage
reads in distance below the emergency spillwaindhes. The effluent water elevation is
measured in the LCS. On the inside of each LGSdistance down to the emergency spillway
is clearly marked. For instance, “E.S. Down 42"am&that the emergency spillway for that
VEP is 42 inches down from the top of the LCS. Mea the distance from the top of the box to
the water level on the side of the LCS towardsMREe. Subtract to determine how far the
discharge is below the emergency spillway. Givenabove example, if you measured down
65” from the top of the LCS to the water, then discharge elevation is 23 inches (65" — 42")
below the emergency spillway.
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The difference between the surface water elevarahthe effluent water elevation is the head
loss. In the example above, the water in the L@S 28" below the emergency spillway. If the
VFP surface water was 20" below the emergencyvegyl] then the head loss was 3 inches.
(NOTE: the water level in the VFP should neverdedr, that is, further below the emergency
spillway, than the water level in the LCS.) Th#eatence between these two numbers is a
measure of how “plugged” the VFP has become. Whersystems were built, these numbers
were within 1 inch of each other because littledhwas needed to push water through the
system. However, as the systems operate and atatensolids over time, the surface level in
the VFP will likely become higher than the waterdein the LCS. The purpose of flushing is to
slow the increase in head by removing a portiothefblockage. Flushing of each zone should
occur whenever a difference of more than 3 inclee®ldps between inspections.

The water level in the VFPs should always be betvéeinches and three feet below the
emergency spillway. The optimal level is 2 fedblethe emergency spillway. If the water
level in the VFP is too high, boards can be remdvaah the LCS to lower the water level. If
the water level in the VFP is too low, boards caratided to the LCS to raise the water level.
The tool for adding and removing boards is storedach LCS. The addition or removal of
boards from a LCS should be recorded on the inggeand/or flushing form.

Over time, it is likely that flushing will not rerwe all of the solids in the VFP and the
permeability of the aggregate will decrease. Mwead will be needed in the VFP to move water
through the system. This head is supplied by rengavoards from the LCS. This will allow

the water to continue to push through the limestdflashing should still be performed on a
routine basis.

Once all boards have been removed from the LCS) &et of head will be available to push
the water through the system. While plugging isahgcipated failure mode for these systems,
the timeframe for that is not known. Planningrajor maintenance activities should begin
when the head required to operate the system @aveeage flow conditions is 5-6 feet.

Treatment System Sampling

It may be useful to occasionally sample at variogations on the site in order to assess the
performance of the treatment system. Samplingatsmbe useful if a problem develops or is
suspected. This sampling may consist of only fggdameters, which will be determined by the
available equipment or of field parameters in canfion with laboratory analyses.

A. Sampling Locations
The most important samples to take include:

* The influent to the VFPs (NOTE: If two VFPs shareoaxmon influent source, only one

sample is needed. At Pond P, two influent sangreseeded, one for VFP P-2 and
another from one of the VFP P-1 ponds.)
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o Effluent from each VFP (NOTE: A Pond P, the VFP Pehds can only be sampled
together as they enter the settling pond. The @Bdng pond effluent should also be
sampled.)

* Final treatment system effluent.

For the entire site, sampling these locations regui8 sampling points. The system schematics
and site drawings show these sampling locationg;iwdre listed below.

Gaber Brown Pond 4 Pond P Pond 23

GB4 Ponds Out Pond 4 In VFP P-2 In Pond 23 In
GB VFP In VFP4-1 Out VFP P-1In VFP 23-1 Out
VFP GB1-Out VFP 4-2 Out VFP P-2 Out VFP 23-2 Out
VFP GB2-Out Pond 4 Final VFP P-1 Out Pond 23 Final
GB Final Pond P Final

If samples are consistently taken at these locstibmvill be possible to determine how the VFPs
and the overall systems are operating and if thesation has changed over time.

Other sampling locations may be added in ordeatn gdditional information about the
operation of the systems. These samples may ba t#kthe raw discharges (GB2 or GB4, for
example), of the influent/effluent of other treatrheystem cells (such as oxic limestone beds,
for instance), or during flushing activities. Howee, samples should be taken at the primary
locations first, and additional sampling only d@sean add-on.

B. Sampling Parameters and Methods

The most useful field parameters are flow rate &aaion IIC above), pH, and alkalinity. Flow
rate can be measured with a bucket and stop wasgvaral locations within each treatment
system. pH can be measured using color indicatoaspH meter. Alkalinity can be measured
using a portable field titration kit (such as thgitdl titrator by Hach). While pH and alkalinity

can also be measured in the laboratory, field nreasents are more accurate and provide a basis
for on-the-spot decision making.

Laboratory analyses provide more detail on thegoarance of the treatment systems. The
analyses of interest for the Rock Run sites incluald, alkalinity, acidity, total aluminum and
total manganese. Most local laboratories offgnecgl AMD package that includes these
parameters and several others.

C. Data

A standard system for naming the recommended sagpbints has been established (see table
above). The standard sample point names are steke attached site plan views.

Data should be reviewed regularly in order to detee whether problems are developing in a

particular treatment system. Managing data inlect®nic spreadsheet is a good approach.
The typical spreadsheet is set up with the datepkalocation, and analytical parameters as
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columns and each row as the results of one samplgsas. The spreadsheet can be set up with
charts that automatically update with the inpuh@fv data. Parameters that should be tracked
over time include:

* pH and alkalinity of each VFP effluent

» pH and alkalinity of each final system effluents
* head losses in each VFPs

» total flow rate into each system

While some fluctuation in each of these parameseespected due to seasonal effects and
changes in flow rate, tracking these parameterstowe will allow for the identification of
declines in treatment performance.

V. Treatment System Flushing

The purpose of the VFPs is to remove aluminum filoenwater, which will need to be
periodically flushed. Each VFP is divided into 2@hes, with one valve controlling each zone.
Each zone should be flushed on a quarterly (4 temgsar) basis. This schedule is based on the
anticipated performance of the systems. Howe¥Véneiwater level in any of the VFPs begins to
rise or the difference between the water level W& and the water level in that VFP’s level
control structure rises rapidly, all of the zoneshat VFP should be flush as soon as possible.
These changes are readily apparent by examiningjtenspection forms for several
consecutive inspections.

A. Equipment
Equipment needed for treatment system flushinguohes:

» Key to access inlet distribution structure and whdeel control structures
* Valve key (long metal T-rod)

Use the forms provided to record each flushing even
B. Before Starting to Flush

Before each flushing event, it is ideal to haveftheh pond as empty as possible and the VFPs
as full of water as possible. After each flushawgnt, the flush pond should drain so that less
than 1 foot of water remains. Water should thep siraining. If the pond does not drain, open
the water level control box. The board that istiexhe bottom board has several holes drilled
in it. Check the board for debris. When remowangl/or replacing the boards, firmly press
down each board individually. Replace all of tleatals in the flush pond so that the top of the
boards is level with the emergency spillway onftash pond.
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If possible, it is ideal to build up water in thé&RN's prior to flushing. To do this, add enough
boards to the LCS to raise the water level in tR€ o within 6” of the emergency spillway.
Depending on the influent flow rate, it may takgesal hours or days to completely fill the VFP.

C. General Flushing Instructions

Flushing the VFPs is essential to ensuring that teatinue to operate properly. Follow these
instructions:

1. Fill out the initial information on the flushing riia.

2. Select a zone or zones to flush.

3. Note the water levels in the VFP you will flushetlevel control structure for that VFP,
and the flush pond.

4. Completely open the valve for one zone.

5. Leave the valve open until the flush pond is @R until water runs completely clear.

6. Close the valve and replace the valve cover.

7. Record the new level in the VFP you flushed andelel control structure for that VFP.

8. IF the flush pond is not full, you can then flusbnezones.

9. When you are done flushing zones in that VFP, retloe boards in the level control

structure to normal. If you plan on flushing arestkhone from that VFP in a day or two,
leave the extra boards in.

The flush pond will slowly drain down over a periofd24 — 72 hours. After this point, you can
conduct additional flushing, if necessary.

The duration of the flush event is dependent oratheunt of solids being discharged from the
limestone aggregate. All of the Rock Run systerasevilushed in 2005. The flushed water was
initially very turbid with grey and black particiés. After 5-10 minutes, the flushed water was
clear and remained so for 30 minutes. At this titnappears that a 5-10 minute flush may be
appropriate for the Rock Run VFPs.

The channels carrying flush water to the flush gome designed to contain the flow of one
flushing zone at a time. Simultaneous flushes tinbkbsame channel should not occur. Itis
feasible to conduct simultaneous flushes from ViRt flush into separate channels (Gaber
Brown, Pond 4, and Pond 23). Simultaneous fluskirents will fill the flush pond faster. The
operator should be careful not to overtop the fioshd.

For every flushing event, record all informationfarshing form. Note any color of the flush
water and anything unusual about the flush evAmtexample of a completed flushing form is
attached.

All completed flushing forms should be copied. @oey should remain with the field

inspector’s binder for reference in the field. Tdtker copy should be stored with the project
file.
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V.

Potential Maintenance | ssues and Remedies
A. Inlet Distribution Structures
All of the systems have an inlet distribution sture before the VFPs. Figure 6 shows a
diagram of an inlet distribution structure from top. The purpose of these structures is to limit
the total amount of flow to the VFPs and to divide flow equally between two VFPs. The
distribution structures have locking lids to pretveandalism.

Figure6: Inlet Distribution Structure (Top View)

Flow to Pond 1

Debris
Screel Elbow

Inlets
Flow to Pond 2
Overflow
Orifice Flow
Limiting
Plate

Inside each distribution structure, two plastidg@éahave been installed. The plate closest to the
inlet is the debris screen. This plate has beeoéed with numerous 1” diameter holes. This
plate will catch sticks, leaves, or other debrat #nters the distribution structure. The debris
screen can be lifted out of the box for cleaningwhecessary.

The second screen, which is closer to the elboatssénd flow to the VFPs, is the flow limiting
plate. This plate has been equipped with 2-3aa#ithat have been sized to limit the maximum
amount of flow that will be sent to the VFPs. Tokowing table lists the total amount of flow
allowed by the distribution structure at each syste

System Maximum Flow
into VFPs (gpm)
Pond 23 70
Pond P* 200*
Pond 4 150
Gaber Brown 20¢

*Thisis the maximum for all three VFPs combined. Approximately 80 gpm should be treated by
each of the two larger VFPs. The smaller VFP should treat approximately 40 gpm.
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It is possible to change the maximum amount of fleither by plugging one or more holes in
the flow limiting plate or by drilling more holee tncrease the amount.

Measure the flow into each VFP and the overflomithe inlet distribution structure (if any).
Examine the flow rates and ask yourself these tprest

» Is the flow into each VFP approximately equaldf, open the inlet distribution
structure and clear any debris from the elbowsfthat to the treatment system. If that
does not succeed in making the flows equal, thevedlmay need to be adjusted.

* Is the total into the VFPs equal to or less thanttital allowable flow? If so, there
should be no overflow. If there is overflow, thenest be a restriction that partially
blocking flow to the VFP inlet pipes. Open theeindlistribution structure and clear
debris.

* Is the total into the VFPs more than the totalvadible flow? If so, the VFP overflow
structure is probably blocked. Open the inletribstion structure and remove debris
from the overflow outlet.

The inlet distribution structures should be opeaed inspected annually, even if no problems
are apparent. The trash screen can be removedearéd of any debris in the holes. Replace
this screen, then remove and clean the flow lirgisoreen. Remove any debris around the pipes
to the VFPs and the overflow pipe.

The inlet distribution structures also allow theeogior to shut off one VFP while it is being
worked on and send all of the water to the othelP VFhis can be done simply by capping the
elbow that sends water to the VFP that needs nmant®, or by placing a short stand-pipe in
that elbow. If maintenance is performed during Brate to low flow conditions, the remaining
VEP will be able to adequately treat all of thenflo

B. Rodents and Other Pests

One common issue with treatment systems is damagedents. Beavers can build dams in
treatment systems or on adjacent streams, floaalib¢ghe treatment systems. Geese pull up
emerging wetland vegetation and create channéleinegetation. The most common and
serious problems are muskrats. Muskrats can destetland vegetation, plug spillways,
channels, and pipes, and tunnel into berms caysings to fail or drain. If muskrat activity is
noted at a treatment system, a trapping programidtoe considered. Trapping is regulated by
the PA State Game Commission. The Game Commissiomdentify local trappers and, if
necessary, provide permission to trap out-of-season

C. Solids Accumulation
There are two types of solids that may accumutatae various ponds on the site. “Sludge”

refers to metal hydroxides or oxides that will fomspart of the mine drainage treatment.
Aluminum and manganese are the primary metalsméexm. Sludge is generally low in solids
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content and requires pumping. “Sediment” refersatod, silt, and clay particles that result from
erosion. Sediment is usually high in solids conterd can be removed using a backhoe.

Eventually, sludge and sediment will accumulatthgponds on site. The following table
details the potential for sludge and sediment chesructure.

Pond Sludge Sediment | Estimated Clean Out Schedule
Potential | Potential

GB2/GB6 mixing ponds (2) Moderate Low Every 10 pear

GB4 treatment ponds (2) Moderate Low Every 10 years

Gaber Brown Sediment Trap Moderate Moderate Whari &udge has accumulated

Pond 23 Sediment Trap Low High When 2’ of sludge &decumulated

Flush Ponds (4) Moderate Low When 1’ of sludged@a=zimulated

Settling Ponds (4) Low Low Every 50 — 100+ years

When sediment and sludge accumulation begins ¢ofere with operations of the system, it
must be removed. The solids expected in thesespamednot hazardous and can usually be
disposed of on site by burial. Sludge in usualmoged by pumping. Sediment can often be
dewatered in place by removing flow water and tteenoved with a small excavator or backhoe.

Pond cleaning is a common activity on active miropgrations. There are companies that
perform sludge and sediment removal activitiegtiermining industry. The names of
companies capable of performing periodic pond neaiatce can be obtained from local mining
companies or the PA DEP District Mining Office.

The flush ponds are intended to store sludge shfished from the VFPs. The sludge, which
has high water content when flushed, will dewatea tiried dense material in the bottom of the
ponds. Naturally dried iron oxide sludge (50% ds)ihas a density of about 20 |b of solids per
ft>. Assuming that the flush ponds must be clean¢avben sludge reduces the volume by 20%
consumed, then the Gaber Brown, Pond 4 and Pohgsi gonds will require cleanout every 10
years. The Pond 23 flush pond will not requireacleut for 45 years. The sludge could be
removed by excavation or it could be slurried aamaved with a pump. The sludge is not
hazardous and can be buried on-site.

D. Limestone Replacement

Limestone-based passive systems can require majotenance when the limestone is lost to
dissolution or fouled by the accumulation of salid§he K&J systems will not fail because of
the dissolution of limestone. Current dissolutiates suggest the loss of about 30 tons of
limestone per year from the GB, Pond 4, and Posgskems. The VFPs should function, from a
limestone tonnage perspective, even when halfeofitmestone is dissolved. This will not occur
for 100 years. Pond 23 and the oxic limestone hade substantially lower dissolution rates
and the life expectancy, from a limestone dissotuperspective, if even higher.

Major maintenance may be necessary to addressulieg of limestone aggregate through the
accumulation of solids. Solids can coat limestal®ereasing its reactivity, and plug pores,
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decreasing the porosity and permeability. The éddsnestone reactivity will be realized
through decreasing effectiveness of the VFP. Wilide apparent from decreasing
concentrations of alkalinity at the VFP effluentrgding points. The loss of permeability will be
realized through increasing head requirements ¢vate the VFPs. This will be apparent from
the increasing differences in the water level WP and the level control structure.

Experiences with similar systems suggest that @mfopnance of the systems will be impacted
first by the loss of permeability and the needifareasing amounts of head (pressure) to push
water through the plugged aggregate. The desigriehe systems recognized this possibility
and included several features that will delay hialyiw failure of the VFPs. As noted earlier, a
portion of the solids in the VFPs can be removedugh periodic flushing. If losses in
permeability cause head losses, these losses aaubtered through the adjustment of the
water level control boxes.

When flushing and removing boards from the leveitad structure is no longer sufficient to
allow operation of the VFP, some or all of the Istame will need to be replaced. If the metals
have accumulated primarily on top of the limestand/or in the top 1’ of limestone, it may only
be necessary to remove and replace this limestohis. could be carefully done using an
excavator in order to preserve the flush plumbietgvork.

If more of the limestone has been fouled and ifonger useful, it may be necessary to remove
and replace the flush plumbing along with the litnes. Preserving this plumbing may not be
feasible, and future advances in design may wathenteplacement of this plumbing in order to
take advantage of those advances.

In extreme cases, it may be necessary to remowé #ié limestone and replace it with fresh
limestone. In this case, the underdrain plumbiogld also need to be preserved or replaced.

Fouled limestone that is removed from the systeansstill be useful for other purposes, such as
road construction. If the limestone is to be reu®e another purpose, it should be washed in
order to remove any particulates that can easileb®ved. This can be done by power washing
the limestone or by making small piles or windrafstone which will be washed by rain. Any
solids that wash off will be inert, but proper eomsand sedimentation controls should be in
place. The washed limestone can then be usedhyop@rpose other than mine water treatment.

E. Possible Schedulefor Major Maintenance Activities

A schedule for major maintenance on the VFPs ikljsigncertain because the K&J treatment
system designs are unique, the mine water composgiunique, and the designers included
features that should lessen the frequency of nmagontenance. The systems were designed with
an expectation that the VFPs would remove Al, laviehnegligible effect on Mn. The early
sampling results indicate that the VFPs are rengaihof the Aland most of the Mn. Because
the physical characteristics of passively-precipddvin solids are unknown, it is difficult to
project their effect on limestone reactivity or psity. The following projections assume that the
Mn solids are similar to Fe solids. If reliablédarmation on the physical characteristics of Mn
solids becomes available, the projections shoulebalculated.
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The major maintenance projections assume the foilgw
* Limestone aggregate density, 1.35 tons/CY
» Original limestone aggregate porosity, 40%
» Al solid, Al(OH)3; Mn solid, MnQ
* Al and Mn sludge water content, 85%
* Al and Mn sludge density, 10 Ib/gallon
* Flushing effectiveness: 25% of solids removed
» Critical loss of porosity, 50%

The table below shows the results of sludge cdicumgs using these assumptions. The major
VFPs are calculated to loose 50% of their porcaitgr 13-17 years. At this time, it is likely that
the VFPs will require major maintenance associatigld the removal and replacement of
limestone aggregate. 70% of the sludge that iepied to accumulate is Mn. If the removal of
Mn by the VFPs decreases the length of time betwegor maintenance is expected to increase.

Calculated years to loss of 50% of aggregate porosity in the VFPs.
See the text for assumptions used to make these calculations.

LS, | Porosity, | Alrem | Mn rem | Sludge,| Flush rem,| Pore loss| Years to

tons gal mg/L mg/L gallyr gall/yr % / yr 50% loss
Gaber Brown | 6,000 359,000 3 20 14,000 3,500 3% 17
Pond 4 6,000 359,000 6 38 17,000 4,300 4% 14
Pond P 6,000 359,000 9 35 19,000 4,800 4% 13
Pond 23 1,200 72,000 3 7 1,000 250 1% 55
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Gaber Brown Inspection Form (EXAMPLE ONLY)

Date:April 26, 2005 Time:10:00 AM I nspector (s):Kim Weaver, Hedin Environmental

Weather:Clear and windy, about 60 degrees. It rained &kitnight

VFP GB-1 Flow Rate

2.5 gallons divided by _2.1 seconds times 60 = 71.4gpm
3.0  gallons divided by _2.6 seconds times 60 = 69.2gpm
2.0  gallons divided by _1.8 seconds times 60 = 66.7gpm Average = _ 69.¢pm
VFP GB-2 Flow Rate
3.0 gallons divided by __2.5seconds times 60 = 72.0gpm
2.5 gallons divided by __1.%econds times 60 = 78.9gpm
3.0  gallons divided by __2.4seconds times 60 = 75.0gpm Average =_75.3gpm
Total into VFPs = 144gpm
Overflow from Sediment Trap (if none, record 0 below)
gallons divided by seconds times 60 = gpm
gallons divided by seconds times 60 = gpm
gallons divided by seconds times 60 = gpm Average = 0 gpm
Wetland Exit Flow (flume) Wetland flow = __150 gpm

VFP GB-1 Water Level in VFP 30 inches below Emergency Spillway
Water Level in LCS 32 _inches below Emergency Spillway
Difference = 2 inches

VFP GB-2 Water Level in VFP
Water Level in LCS

20 inches below Emergency Spillway
25 inches below Emergency Spillway

Difference = 5 inches
v | Item/Area What to Check
GB2/GB6 Mixing ponds Clear debris from spillwaytween ponds; berms are stable
Channel to Sediment Trap  Clear debris from chamxamine pipe crossing
GB4 System Proper ratio of GB2:GB4 waters; berrasstable
Sediment Trap Berms are stable; clear any detanis §tandpipe
Inlet Dist. Structure Measure overflow (if anyhieck screens and remove debis
VFP GB-1 Measure flow into VFP; check berms
VFP-GB-2 Measure flow into VFP; check berms
Flush Pond Note depth of water; clear debris dessary; check berms
Sediment Pond Check berms; clear debris fromvegyl
Oxic Limestone Bed Check berms; clear debris fepiiways
Wetland Measure flow; check berms; clear debamfspillway
Site Access Note any problems with site access
Rodent Activity Note any activity by muskrats, bees, and geese
Vandalism Note any damage or attempted

Use the back of this form to record notes. Note any issues, new conditions, or measurements.




Gaber Brown Flushing Form (EXAMPLE)

I nspector (s):Kim Weaver, Hedin Environmental

VFP(s) Zone(s) To Be Flushed (circle):
GB-1 B C D
GB-2 A B C D

Dateand Time | Action/Notes

4/25/05, 10AM | Visited site and did inspection. Baards in VFP GB-1 level control
structure to 6” below emergency spillway. Notesf pond is empty.

4/26/05, 9 AM | Level in VFP GB-1 is 5” below emerggrspillway. Opened valve GB-1A
Water came out white/grey with small chunks visible

9:10 AM| Water being flushed is much otga

9:17AM | Flush pond full to emergency bpdly; closed Valve GB-1A. Returned

Water level in VFP GB-1 is 12" below emergency lsgly. Put boards in
VFP GB-2 level control structure to 6” below emergg spillway.

boards in VFP GB-1 level control structure to hdwt were before flushing.

4/27/05, 9 AM | Visited site. Flush pond is drainiagproximately 2’ of water remain. VF
GB-2 is up to within a couple inches of the emeoyespillway.

U

4/28/05, 10 AM| Visited site. Flush pond is comelgtdrained. VFP GB-2 is 4” from
emergency spillway. Opened Valve GB-2A. Watarlaudy/white.

10:15 AM| Flush pond full to emergency bpaly; closed Valve GB-2A. Water
remained cloudy the whole time. Returned boardéHR GB-2 level contro
structure to how they were before flushing. Wégel in VFP GB-2 is 10”
below emergency spillway.

4/30/05, 9 AM | Visited site. Flush pond is empW.ater levels in both VFPs back to pre-
flushing levels.

OVERALL NOTES
Valve GB-1A was a little hard to close completely.




