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1.0 Purpose

This Report, the Construction History of Pleasants Power Station McElroy’s Run Impoundment, covers
the following criteria listed in the Code of Federal Regulations (CFR) Coal Combustion Residuals (CCR)
Rule 40 CFR 257.73(c)(1), to the extent feasible:

name and size of the watershed within which the CCR unit is located;

location map;

material physical and engineering properties description for foundation and abutment and CCR
unit;

site preparation and construction methods for each zone;

detailed drawings;

description of the existing instrumentation;

area capacity curves;

spillway and diversion features description, capacities, and calculations;

construction specifications and provisions for surveillance, maintenance, and repair; and

any record or knowledge of structural instability.

v v v

v v v v v v Vv

2.0 Introduction

The Pleasants Power Station (Station) is a coal-fired electric generating station located near the
community of Willow Island in Pleasants County, West Virginia (WV). The Station consists of

two generating units, which are capable of producing 1,300 megawatts of electricity. CCRs generated
at the Station are placed in the McElroy’s Run CCR Surface Impoundment (Impoundment), which is
located approximately one-half-mile east-southeast of the Station. The Impoundment location is shown
on the United States Geological Survey (USGS) 7.5-Minute Topographic Quadrangle Map provided as
Figure 1. According to the USGS, the Impoundment is located in the Little Muskingum-Middle Island
Watershed (USGS Hydrologic Unit Code 05030201) and has an area of 1,800 square miles. The

WV Department of Environmental Protection identifies the watershed as the Middle Ohio North.

The purpose of the Impoundment is to receive flue gas desulfurization (FGD) scrubber by-product
generated at the Station, effluent from the recirculation system from Sedimentation Ponds No. 1 and 2
of the adjacent landfill and their underdrains, and waste materials collected primarily because of
general house-cleaning maintenance and/or repair at the Pleasants Power Station. The National
Pollutant Discharge Elimination System (NPDES) Water Pollution Control Permit (WV 0079171)
authorizes discharge to the Ohio River in accordance with effluent limitations, monitoring requirements,
and other conditions set forth in the permit. The McElroy’s Run Dam Certificate of Approval was signed
on February 7, 1978 (ID No. 07302).

3.0 Construction Summary of Impoundment and Embankment

The Impoundment embankment construction took place from 1979 through 1992, occurring over
stages. The approximate dates of construction for each successive stage are depicted on

Drawing 101-6514-196. The crest of the dam is at elevation (El.) 900 feet, with El. 887 feet as the
permitted final level of CCR. The Impoundment area is approximately 253 acres. A clay blanket on the
upstream slope and clay-filled cutoff trench along the upstream toe were constructed to serve as a low
permeability barrier. The downstream end was constructed with compacted fly ash. A landfill facility
was constructed on the downstream face of the embankment, which is now grass-covered. A blanket
drain, consisting of sand or bottom ash, was installed between natural soil and embankment fill
downstream of the cut-off keyway.
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McElroy’s Dam was constructed on native soils with a clay soil cut-off keyway installed through the soft
broken claystone layer to the top of bedrock, an interbedded siltstone, sandstone, and claystone
formation. Foundation soils in the valley of the McElroy’s Dam embankment consist of alluvial and
residual soils. These soils are clayey and cohesive, and thus are not susceptible to liquefaction.
However, pockets of sandy soil exist within the site soils; Investigations performed by GAI Consultants,
Inc. (GAI) indicate that the soil layer over the interbedded bedrock formation is thicker towards the
abutments than at the midpoint of the dam. A blanket drain, consisting of sand or bottom ash, was
installed between natural soil and embankment fill downstream of the cut-off keyway.

The physical and engineering properties of the foundation, abutment, and embankment materials of
which the CCR unit is constructed are listed below.

Table 1

Physical and Engineering Properties of Foundation and Abutment Materials

Long Term Conditions

Soil Unit
Soil Description Weights Effective Stress Parameters

7Y moist Cohesion, C’ Friction, ¢’

(pcf) (psf) (degrees)
Compacted Silty Clay 132.9 228 26.8
In-Situ Silty Clay to Clayey Silt and 127.8 49 24.8
Rock Fragments
Soft Broken Claystone 135.0 1238 32
Interbedded Siltstone, Sandstone, ) ) )
and Claystone
Compacted Fly Ash 113.1 0 29.7
Bottom Ash Filter Blanket 110.0 0 35

Drawings in Appendix A show the plan view and the typical transverse and longitudinal section of the
embankment, as well as the width of the embankment.

Five survey-monitoring points were installed in 1997 in the upstream slope of the embankment slightly
below the crest near El. 900 feet. The monitoring points are used to measure horizontal movement and
settlement of the embankment, and to determine if there is movement of the embankment over time.
Piezometers are installed in the embankment to monitor the water level in the embankment.

Two perforated cross-valley foundation underdrain pipes were installed in a trench below the drainage
blanket of the downstream slope of the Impoundment embankment as a part of construction. The
drains were installed across the flat bottom of the valley about 100 feet upstream of the toe of the
embankment. The two pipes meet near the center of the valley where they turn and extend to the
current toe of the ash disposal landfill. The pipes collect any seepage that enters the drainage blanket,
either through the embankment or from the subgrade below the Impoundment embankment. This
water is transmitted to Sedimentation Pond No. 1.

The dam was constructed with two concrete discharge towers serving as the principal spillway. Current
water levels in the Impoundment has made the use of Decant Tower 1 impractical. Decant Tower 1
was sealed such that no water enters the Tower. Decant Tower 2 is outfitted with an operational sluice
gate at El. 885 feet, and a 24-inch square (former sluice gate) opening at El. 890 feet. Discharge from
this structure is directed under the dam via a 36-inch-diameter concrete pipe that is approximately
3,600 feet long. Flow from the concrete pipe is conveyed to the principal spillway, with discharge
directed to a channel that leads to McElroy's Run Creek. However, operational practices currently
implemented at the Impoundment prevent discharge from principal spillway from occurring.
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Currently, the primary discharge from the Impoundment is by use of a siphon. The siphon line is a
12-inch-diameter, high-density polyethylene pipe that can convey water to the Station for reuse, or
discharge to the Ohio River. The maximum discharge of the siphon is 3,800 gallons per minute (GPM),
but typically discharges at 1,800 GPM to maintain an adequate operating water elevation. The siphon
flow can either be diverted to the plant for makeup water or discharged through a 14-inch pipeline to

an NPDES-permitted Outfall. Design calculations for the siphon line area are attached as Attachment C.

The siphon line is the primary operating mechanism for withdrawing water from the Impoundment to
maintain the operational water elevation behind the dam.

An emergency spillway located near the west abutment serves the Impoundment. The spillway is
concrete-lined and has an approach lined with stone rip-rap. The spillway outlet is protected with
rip-rap. The spillway bottom width ranges from 20.25 to 20.5 feet with side slopes at 3H:1V or 6H:1V
and with a crest El. of 893.5 feet. The spillway has a minimum depth of 6.5 feet and can convey an
approximate maximum flow rate of 9,000 cubic feet per second (cfs), which is greater than the
probable maximum flood (PMF) design storm of 100 cfs through the emergency spillway. A Stage-
Storage curve was developed by GAI as part of a recent Capacity Estimate of the Impoundment
(Attachment B). The Stage-Storage curve of the reservoir was based on 2015 Aerial Mapping.

FGD scrubber by-product is pumped to the Impoundment through two eight-inch-diameter slurry lines
to a valve station near the west end of the Impoundment dam. The slurry can be discharged into the

Impoundment from the valve station or directed into a mobile pipeline boom, for discharge at various
locations in the Impoundment.

The Monitoring and Emergency Action Plan and Operations Plan, completed by FirstEnergy
Corporation, revised October 2015, outlines the requirements for monitoring, inspection, and
maintenance of the Impoundment.

Based on the information reviewed, there have been no identified safety issues for the McElroy’s
Embankment in the last 10 years.
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McElroy’s Run Impoundment History of Construction
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Reservoir Normal Operating Pool Target Elevation 88
Surface Elevation of Reservoir at Target Elevation 241.

Evaporation Evaporation Average Average WetYea

7 ft, msl
5 acres

r Wet Year

(inches) {gpm) Runoff Runoff Runoff Runoff
(inches) (gpm) (inches)  (inches)
Jan 1.27 186 2.01 296 1.73 254
Feb 1.27 206 219 321 1.90 279
Mar 1.27 186 3.29 483 3.05 449
Apr 3.50 531 3.05 448 2.80 411
May 4.39 644 3.50 514 3.28 481
Jun 5.00 758 3.16 465 2.92 429
Jul 5.51 810 3.98 585 3.80 558
Aug 4.33 636 3.47 509 3.24 477
Sep 2.78 422 2.79 410 2.53 371
Oct 1.90 279 2.39 351 2.1 310
Nov 1.27 193 2.64 387 2.36 347
Dec 1.27 186 2.64 387 2.36 347
Evaporation & Runoff
900 +— =
800
__ 700
E 600 {1 .
o Oevaporation
o 500 1l
i 400 | (M L M average runoff
% Owet year runoff
o 300 1 1M
200 - | U H
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0 - | nnaan

N X
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Months




Allegheny Energy Supply
Pleasants Power Station
McElroy's Run Disposal Site

Reservoir Water Management Study

GAI Project 99-170-45

Elevation - Area Measurements obtained using CADD of digitized 2000 Topo of the McElroy's Run Reservoir Area.
Volume is computed using the Average End Area Method. Computed Volumes were checked against the
Elevation-Storage Curve originally developed for the Reservoir by D'Appolonia, Inc., and good agreement (+/- 1-2
percent) was obtained. Therefore, these values are used in subsequent reservoir analyses in this spreadsheet.

Reservoir Water Level at Time of Aerial Mapping

Reported Reservoir Water Level (March 2001)

Reported Reservoir Water Level (November 2001)
Current Reservoir Water Level (December 2001)

TABLE 1 Reservoir

Elevation Area (ac)

(ft, msl)
876.10
877.00
878.00
879.00
880.00
881.00
882.00
883.00
884.00
885.00
886.00
887.00
888.00
889.00
890.00
891.00
892.00
893.00
894.00
895.00
896.00
897.00
898.00
899.00

900.00

1999-170/d51/minhydq_rev1/elev_area_volume/klf/12/04/2002/4:10 PM/1 of 1

Surface  Average

160

175

190

202

214

218

223

226

230

234

238

241

245

250

255

258

260

263

266

268

271

274

276

279

282

Surface
Area (sf)
167
182
196
208
216
220
224
228
232
236
240
243
248
253
256
259
262
264
267
270
272
275
278

280

876.10
880.5
881.4
880.9

Increm.
Storage
Volume

(ac-ft)
151
182
196
208
216
220
224
228
232
236
240
243
248
253
256
259
262
264
267
270
272
275
278

280

ft, msl
ft, msl
ft, msl
ft, msl
Total
Storage
Volume
(ac-ft)
14500
14651
14833
15029
15237
15454
15674
15898
16127
16359
16595
16835
17078
17326
17578
17835
18094
18355
18620
18887
19157
19429
19704
19982

20263

Reservoir
Elevation
(ft,msl)

Ref. 2, Drawing 6056-F-211434
877.00
878.00
879.00
880.00
881.00
882.00
883.00
884.00
885.00
886.00
887.00
888.00
889.00
890.00
891.00
892.00
893.00
894.00
895.00
896.00
897.00
898.00
899.00

900.00

99-170-51
KLF
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Allegheny Energy Supply Reservoir Study GAI Project 1999-170-51

Pleasants Power Station New Siphon Line kif 24Jan2002
McElroy's Run Disposal Facility Outline of Analyses
|. Objective ;

Design of a Proposed Pipeline, to convey water from the Reservoir to the Ohio River. The pipeline
is to operate as a siphon, similar to the existing siphon pipeline. The pipeline would incorporate
the hdpe pipe portion of the existing siphon line, with a new hdpe pipe installed from the down-
stream end of the existing pipe to a new outfall at the Ohio River. The outfall segment of the
pipeline would be ductile iron pipe. The discharge of the pipeline may be either to the Ohio River
or to a treatment plant, depending upon technical feasilibility and regulatory acceptance. The
pipeline would operate as a siphon to the treatment plant, if one is required.

Il. Design Parameters & Constraints

The siphon must be capable of handling, at a minimum, the design discharge withdrawal rate that
has been determined for maintenance of the reservoir water level with the desired operating range.

The piping must be capable of withstanding the anticipated internal and surge pressures, to include
potential water hammer pressures.

it is desired that the new siphon pipeline be designed and constructed so as to be positively-
draining (no high or low spots in the line) except for the siphon crest. This may require passing
surface drainage structures over or under the Proposed Pipeline, and/or the placement of fill
over the pipeline for frost protection.

Il. Geometry
Horizontal and vertical geometry of the Proposed New Siphon Pipeline is given on worksheet
"geometry" of this spreadsheet file. The geometry is obtained from GAI Drawing 1999-170-51-
F1003, dated 22 January 2002, by MAM.  Revised 5 March 2002

lll. Layout
Based on the geometry, alignment and the anticipated hydraulic features of the Proposed New
Siphon Pipeline, a hydraulic schematic is developed, from which various hydraulic features of
the pipeline can be identified and tabulated.

IV. Method of Analysis

The Energy Equation (Bernoulli Equation) is used to calculated headlosses in the proposed
pipeline, and thereby estimate hydraulic capacity and pipe size. The Energy Equation is
applied in a downstream direction, starting with the water level in the reservoir. The energy
and hydraulic grade elevations at selected points along the pipeline are then computed. The
hydraulic capacity of the pipeline is based on maintaining the hydraulic grade line above the
crown of the pipeline, or above the river level, whichever is the more critical.

The hydraulic analysis is presented in worksheet "hyd_anal_*_*" in this spreadsheet file.
indicates either "des" (design) or "max" (maximum hydraulic capacity), and nominal pipe size
"12" (12 inches) or "14" (14 inches).

wkn

V. Pipe Design

Based on the predicted hydraulic conditions, the class of pipe for the proposed pipeline is
determined. Three conditions are analyzed. The first condition is when the valve is closed
at the downstream end, and a static head exists in the pipeline. The second condition is when
the pipeline is operating under design and under maximum flow conditions. The third condition
is for waterhammer, assuming a valve is shut rapidly. The Class of pipe (SDR for hdpe, and
pressure class for ductile iron) required to withstand the most critical of these conditions, if
considered practical, is determined.

Under any scenario, controls should be placed on the rate at which flow control ("throttle”) valves
can operate, to reduce surge pressures and prevent water hammer.

1999-170/d51/newsiphon_R4/outline/klf/12/04/2002/1 of 1



Allegheny Energy Supply
Pleasants Power Station

McElroy's Run Disposal Facility

Summary of Geometry
Proposed Siphon Pipeline

Reservoir Management Study
New Siphon Line Design
Worksheet "GEOMETRY"

GAl Project 1999-170-51

KLF 10Jan2002

Point|Description Northing Easting Lengthof| Statloning Length Ground Invert | Computed
Pipeline | Hundreds| Ones by Elevation | Elevation | Slope of
between (ft) (ft) Stationing| (ft, msl) | of pipe | Pipeline
Points (ft) (ft, msl) (ft/it)
(ft)
0 | intake in reservoir 319500 1466700 881 877
702.14 0.0014
1 | headwall connection at dam 319370 1466010 881 876
128.55 -0.0389
2 | crest at siphon vault 319400 1465885 900 881
1054.34 0.0152
3 | Pigcatcher Road slope break 319540 1464840 870 865
785.06 0.1847
4 | Ash Haul Road slope break 319875 1464130 725 720
64.23 0.0654
5 | PT-101 of new siphon route & | 319891.82 | 1464068.01 0 0 718 715.80
connection w/ extg line 54.63 54.63 0.1333
6 | PT-102 319932.00| 1464031.00 0 54.63 713 708.52
270.37 270.37 0.1912
7 | PT-103 320084.88 | 1463808.00 3 25.00 662 656.82
200.05 201.05 0.1091
8 | PT-104 320198.00| 1463643.00 5 26.05 644 635.00
206.38 205.39 0.0120
9 | PT-105 320047.84| 1463501.42 7 31.44 641 632.52
274.70 274.70 0.0025
10 | PT-106 319985.00 | 1463234.00 10 6.14 636 631.83
135.00 135.00 0.0024
11 | PT-107 319959.11| 1463101.51 11 4114 637 631.50
99.77 98.95 0.0025
12 | PT-108 319926.89| 1463007.09 12 40.09 636 631.25
620.24 621.06 0.0025
13 | PT-109 320125.37 | 1462419.46 18 61.15 626 629.70
200.26 200.26 0.0025
14 | PT-110 320119.64| 1462219.28 20 61.41 633 629.20
199.99 199.98 0.0025
15 | PT-111 320318.44| 1462241.05 22 61.39 636 628.70
185.07 185.07 0.0025
16 | PT-112 320503.44 | 1462246.05 24 46.46 636 628.23
Route 2 Xing 139.94 139.94 0.0025
17 | PT-113 320623.44| 1462174.05 25 86.40 634 627.88
110.76 110.76 0.0043
18 | PT-114 320706.48| 1462100.76 26 97.16 634 627.40
198.12 198.11 0.0025
19 | PT-115 320841.48| 1462245.76 28 95.27 632 626.90
99.06 99.06 0.0273
20 | PT-116 320916.59| 1462310.34 29 94.33 630 624.20
159.85 159.85 0.0025
21 | PT-117 321025.40| 1462427.44 31 54.18 627 623.80
672.10 672.10 0.0025
22 | PT-118 (bend at Eureka Road)| 321606.00| 1462766.00 38 26.28 631 622.12
161.79 161.79 0.0025
23 | PT-119 321766.00| 1462742.00 39 88.07 631 621.72
309.16 309.15 0.0025
24 | PT-120 322059.71| 1462645.50 42 97.22 634 620.94
212.59 212.60 0.0025
25 | PT-121 322259.29 | 1462572.27 45 9.82 635 620.41
86.76 86.75 0.2007
| 26 | PT-122 322340.74| 1462542.39 45 96.57 605 603.00
275.23 275.43 0.0654
| 27 | outfallin Ohio River 322600.00| 1462450.00 48 72 585 585
| total length of pipeline 7.331

1999-170/d51/newsiphon_R4/geometry/kif/12/04/2002/4:30 PM/1 of 1




Allegheny Energy Supply
Pleasants Power Station
McElroy's Run Disposal Facility

Summary of Pipeline Layout
Proposed Siphon Pipeline

Reservoir Management Study
New Siphon Line Design
Worksheet "LAYOUT"

GAl Project 1999-170-51

KLF 10Jan2002

Point|Description Pipeline | Type of [Length of | Entrance Exit # of # of # of # of #of
Segment Pipe Pipeline | Condition | Condition| Bends Tees Shutoff Check | Throttle
(hdpe or | Segment or Wyes | Valves Valves Valves
duct, iron) (ft)
0 | intake in reservoir 1 0 1 0 0 0 0
1 hdpe 702.14
1 | headwall connection at dam 0 0 1 0 0 0 0
1 hdpe 128.55
2 | crest at siphon vault 0 0 4 0 0 0 0
1 hdpe 1054.34
3 | Pigcatcher Road slope break 0 0 1 0 0 0 0
1 hdpe 785.06
4 | Ash Haul Road slope break 0 0 1 0 0 0 0
1 hdpe 64.23
5 | PT-101 of new siphon route & 0 1} 0 1 0 0 0
connection w/ extg line 2 hdpe 54.63
6 |PT-102 0 0 0 0 0 0 0
2 hdpe 270.37
7 | PT-103 0 0 0 0 0 0 0
2 hdpe 200.05
8 | PT-104 0 0 1 0 0 0 0
2 hdpe 206.38
9 | PT-105 0 0 1 0 0 0 0
2 hdpe 274.70
10 | PT-106 0 0 0 0 0 0 0
2 hdpe 135.00
11 | PT-107 0 0 0 0 0 0 0
2 hdpe 99.77
12 | PT-108 0 0 1 0 0 0 0
2 hdpe 620.24
13 | PT-109 0 0 1 0 0 0 0
2 hdpe 200.26
14 | PT-110 0 0 1 0 0 0 0
2 hdpe 199,99
15 | PT-111 0 0 0 0 0 0 o]
2 hdpe 185.07
16 | PT-112 0 0 1 0 0 0 0
2 hdpe 139.94
17 | PT-113 0 0 0 0 0 0 0
2 hdpe 110.76
18 | PT-114 0 0 1 0 0 0 0
2 hdpe 198.12
19 | PT-115 0 0 0 0 0 0 0
2 hdpe 99.06
20 | PT-116 0 0 0 0 0 0 0
2 hdpe 159.85
21 | PT-117 0 0 1 0 0 0 0
2 hdpe 672.10
22 | PT-118 (bend at Eureka Road) o] 0 1 0 1 1 1
2 hdpe 161.79
23 | PT-119 0 0 0 0 0 0 0
2 hdpe 309.16
24 | PT-120 0 0 o] 0 0 0 0
2 hdpe 212.59
25 | PT-121 0 0 1 0 0 0 0
2 hdpe 86.76
26 | PT-122 0 1 1 0 0 0 0
3 duct. iron| 275.23
27 | outfall in Ohio River
subtotals 1 1 19 1 1 1 1

pipeline segment refers to (1)
(2
@)

hdpe pipe portion of existing siphon line

hdpe pipe portion of proposed new siphon line

ductile iron pipe portion of proposed new siphon line

1999-170/d51/newsiphon_R4/layout/klf/12/04/2002/4:30 PM/1 of 1



Reservoir Management Study
New Siphon Line Design
Worksheet "k_values"

Allegheny Energy Supply
Pleasants Power Station
McElroy's Run Disposal Facility

Headloss Coefficients for Pipeline, and various fittings

GAl Project 199-170-51

KLF 11Jan2002

Sudden Expansions |

k is applied to the square of the difference of the two velocities

kv _1-v 2)"2/2g

Valves Rouse, p. 421
Gate Valve
% open 25 50 75 100
k 24 56 1.15 0.19
Check Valve (Swing), fully open 2.5
Bends, 90 degrees Rouse, p. 421
standard sweep 0.9
medium-sweep 0.75
long-sweep 0.6

Ductile Iron Pipe

1999-170/d51/newsiphon_R4/k_values/kif/12/04/2002/4:30 PM/1 of 1

Nominal | Outside |Nominal Thickness and Inside Diameter (inches) for Selected Pressure Classes

Diameter | Diameter | PC = 350 PC =300

(inches) | (inches) | t(inch) | ID ({inch) | t(inch) | ID (inch) from DIPRA, "Ductile Iron Pipe"
3 3.96 0.25 3.46 s -
4 4.8 0.25 4.3 - -
6 6.9 0.25 6.4 - -
8 9.05 0.25 8.55 -
10 11.1 0.26 10.58 - -
12 13.2 0.28 12.64 - -
14 15.3 0.31 14.68 0.3 14.7
16 17.4 0.34 16.72 0.32 16.76
18 19.5 0.36 18.78 0.34 18.82
20 216 0.38 20.84 0.36 20.88
24 25.8 0.43 24,94 0.4 25
30 32 0.49 31.02 0.45 311
36 38.3 0.56 37.18 0.51 37.28
42 44.5 0.63 43.24 0.57 43.36
48 50.8 0.7 49.4 0.64 49.52
54 57.56 0.79 55.98 0.72 56.12
60 61.61 0.83 59.95 0.76 60.09
64 65.67 0.87 63.93 0.8 64.07

A1/A2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
k 1 0.81 0.64 0.49 0.36 0.25 0.16 0.09 0.04 0.01 0
k is applied to the velocity head for the smaller diameter of the pipes (the A1 pipe) kv_142/2g

For entrance of a pipe into a reservoir or manhole, use 1

Sudden Contractions |

A2/A1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
k 0.5 0.48 045 0.41 0.36 0.29 0.21 0.13 0.07 0.01 0
k is applied to the velocity head for the smaller diameter of the pipes (the A2 pipe) kv_272/2g

For exit from a manhole or pond to a pipe, use 0.5

Conical Diffusers | Rouse, p. 421

angle of cone 0 20 30 45 60

k for D2/D1 =1.5 0.2 04 0.7 1.05 1.2

k for D2/D1 =3 0.2 0.4 0.65 0.87 1.03



UP

-doiq aunssald pswnssy ay} 0} doiqg ainssald 9|gemoj)y wnwixepy sy} aledwos
(1sd) doiq ainssald 8|gemojiy WnWIxXep ay) aye|noe)
‘(uonepusWWOdal JainjoejNURW) [BARL) %08 PUB %0 UIYyIMm
saneA AD) papndwod sy} sassedwoous abuel AD 8SOYM 9ZIS Hod ay) puly
‘az|S aul| 8y} uey} Jojjews Jo o} [enba S| 9ZIS SAJBA 9SOUM SAJRA [0JJUOD B 104
UOoI}IPUOD MOl} YoBa 10} SanjeA AD ay) aje|noje)

wdb  00zg =0 UOIIPUOD MO|4 WUNWIXep
wdb  00.1 =0 uonpuo) mol4 ubiseq
wdb 0021 =D UoIIpPUOD MO|4 WNWIUIA

uolIpuoD Mol yoes 1oy (1sd) aajea sy ssoloe doup ainssaid e JNNSSY

Buizig aABA 104 8INpas0ld uonn|os

GOGS 8005 (3%°17 9€Ly GeGe 918¢ 110¢ €901 0cs 0S¢ [4 vl
8¢6¢e GG/¢ LA A €L¢c €LL1 6vEl £86 919 8ce GGl 0l 14
008¢ 0cre lOLE yc8c L0v¢ €261 134" 9¢. GG€ LLL 0l cl
0891 LEGI €eet ¢c0cl €01 ¥06 604 L€ €61 6'G8 8 cl
010¢ G081 celLl FAS ¢cel Lv01L ve8 8¥9 Gig ovl 8 0l
012 659 609 6vS 417 £9¢ 0¢¢e x4’ ¢'6S 8'ce 9 0l
00¢! €LL1 G0l 8Y6 018 €69 yXA7 LLE 961 ¢9 9 8
0ol 06 8 0L 09 0S ov 0¢ 0¢ ol 9ZIG Hod 9ZIS 9Alep

(1aAae1] |BJO] 10 9%) Bujuadp oaAjBA

aunjelaylf 1ainoBiNURLL BAJBA JOJILUOD) SAIBA POy AD HBYD MO| 9A89|S 8U0)D



LF

(Ad <21-2¥L +1ld)«2vid = dgemoje dp

doliq ainssald 8|qemol|y Wnwixe ay} ajenoje)

zell 609 %08 © AD
GLE Z'6S %0Z @ AD
8 9 821G Hod
0l oL 8ZIS 8AleA

-g|geoldde sieadde aAjeA |0u0D BuImol|o) aY}
‘Buiuado 9,08 pue 9,0z Usamiaq saniea A aaoge ay) bunayoeiq ‘ainela)l] (SAleA pPay) S,J91noBINUBLW 8Y) WOl

2101 0] 1EG s1 sanjea AD paindwo) Jo ebuey ay|
clol ol 00ce
(98 4] A 001
€S S 00cl
1sd wdb
AD dp 0
(1sd) aAjea ssouoe ainssaud ui doup dp
piny jo Auaelb oyoads 9
(wdB) moy (@)
ainssald wealsdn pajess e je ‘doip ainssald 1sd | yim aajea ayy ybnouyy Joyem aalbap g9 Jo wdb ul moyy AD

(dp/9)ubso= A9
SUONJIPUOD MO|H By} 10} San|eA AD By} aje|noied

1sd ol UOIJIPUOD MO WINWIXEA
Isd i uonipuo) mol4 ubisaq
1sd 1] uonipuod Moj4 Wnwiuly
dOdd F3HNSSIHd AINNSSY
wdb  00ze uoIIPUOD MO|4 WNWIXEN
wdb  00/1L uonipuoD moj4 ubisaq
wdb oozl UOIIPUOD MO|4 WNWIUIN
SUONIPUOD MO|4
soyoul €0l Jo1owelg adig apisu|
sayoul Zl Jo1welq adid [BUILON

*JNDD0 JOU |[IM UOEYARD UB)
‘doiq ainssald o9|gemoly Wnwixep ay} ueyy ssa| si doiq ainssald pawinssy J|



¥

BAleA By} sso4oe aunssald ul doip ss9| e swnssy

"}INsal AW UONR)IARD ‘3|JBMO|[E dP < PSWNSSE Jp 9Sneossq

LoIE20T BA[RA 1B UoieAd|] adid JO LaAU| - UoneAs|g
90
L0

(uoneyaeo jsuiebe uolysna spiaoid 0}) 4 saaibep 0g = simeladwa] JNNSSY

¥6°0

ol

14! = 9|qemoje dp
isd G0 Ad
¥6°0 21

isd g
apet9 ABisug ¥ €I've ld
SAJBA |0JJUOD) BAB9|S BUOD § X Ol 14
AAIBA [0JJUOD BAS8|S BU0D 9 X (L 14

Isd g0
alnjesadwa] moj je ainssald todep rd
= ‘oney ainssald [BoNLD 21
eisd 0y Bisd woly 10}0B}) UOISIBAUOD R A
(1sd) ainssald 19|y| ld
10)9B4 AU9A0DSY aInssald 14



240 L/Wd OE:%/Z00Z/+0/Z | HP/SISAIBUE™PAU/pY UOYdISMBU/LSP/0LL-666 |

(+/+ £2'69 = §50] 136 03 pAAeINJLES Ydeq) SN WOL ‘NIAID aimessy sqaunjoenuel  $0g Bumag uadQ % 10} dAleA JO AD
MotdG AD 125 ©) Ajuo 35N ‘Injea Awwnp asnjeusly SJaumnpeinueil 05 aAleA JO Bumeg uado %

I (S2UaS Ul SBAIBA J0 Jaquiny

sayaul ol BAIBA J0 9218

neq SAIBA JO 8dAL

junzeq SAJEA JO JaImPRenuey

wersAs Hudid ay) yBnosLy) $8SSO|BRa1) 2IDRIA AJSIRINDDE O 199YSMIBAA §1f} J0) BapIA0)d 20 1SNW UORBLUICKA SI4L

SAIBA BY) 4BNOIY) SSOIPESY U} JO UOHEINGWIOD MO||E O} “SAIBA 3U) UO EIEP JUSUIHad AJI0adS JSNW J9SM B} *AJ0S.LI0D UOIOUNY 0] SSOIPESH SA[EA SRI0JY L JO) MO|Sq UOJEINQE]} SU} JO

2UNjEISY| SJSINIOBNUEL WO PSUIEIGO DIE SAN[EA A BYL
pajesipul Bunjas ay) 1B 2ABA 3Y) YBNOoJY) SIND00 Jey; SSojpeay ay) Juasaidal pinom aunssaid u) doip ayy
aunssaid ur dop dP
Moy o]
(dpubs /D =AD S| AD Joj uonenbs ay) ‘Jeiem Jo4
‘anssaid Ul doup 100§ (1) Suo B ypm moy ssed o] Ajarded S,8A[eA SU) JO JUSWISINSESW € SI AD
"2N|BA AD S,9A|BA 3U) PUB BABA BY) JO Buipas ,uado %, 3y} uodn Juspuadap SI SAIBA 9|N0IY) B 1O} SSOJpESY Ay |
ejeq ubisag SAjeA 3NOJYL
8] J99ys se papinoid 'sop d'soynespAH Buussuibug ‘ssnoy

oes 620 %e2 €90 e b0 (1) peaH Anoojan
SOp'd'solneIpAY Buussuibuz‘osnoy  ZZ0'0 GOp d'soyneIpAH Buuasuibuz‘asnoy  GLB'0 S0p°d'soneipAr buussuibug‘esnoy  §LO'0 o 1019E4 UOHOLIS YIBGSIaA-ADieQg
220 8.8 GOp"d'sojnespA Buesuibul'asnoy yoows GOp d'sopneipAr Buusauibuz ‘asnoy  \OOWS Jojaey /g, adid
S0 ‘asnoy ‘uoy; IS 10§ abeiaAe £0-302°L GOp d'soneipAH Buuaaubug ‘asnoy Yloows S0pd‘soynespAH Buudaubuz'esnoy  YIoows 101083 ), adid
/83 G0+369°C /B2 S0+392°€ /8> SO+3£0°E Y Jaquiny s,pjoukay
o 500i63p 0y 2 45]EM L1000 o soaubap gp e ssjem £10000'0 o saaubap op je solem  LLDODD0 {s/zvl)) MIs0osIA olweuig
oy SEY ofe0 geE9 o 6b'S (sdy) AooaA mold ling
o s 180 o 0 650 ope 890 (1 bs) easy adid mold |Ind4
afueyosip ubisap JorBSal  OOLL afueyosip ubisap sornssal  00Lb ofireyosip uliisap hDEE.EE (wdb) mopg ubisag
LOJUFJaU, JOOUSIIOM L0 dn 4OO| ‘Bdid UOK BOND ‘OJul VI ¥9'Zh o s Zev'ol didoosLig ‘ojus sa.n) ‘o1ed  0sT'iL (sayou1) adid jo Jajewe|q apisu|
edid uou oyoNp ‘Ojul VAIdId  0SE€ pasodosd L) wng-se 1L SSB|D 10 YAS
pasodoid zi pasodosd k48 ng-se zL {sayoul) leunwoN ‘azig adid
Ppasodos4 uodl Janp pasodosd  3dAH yng-se  3daH adid jo adA)
€ Juswbeas Zuawbas } Juawbas

*aul| uoydis mau ay) Jo uonuod uoll 3jRInp
mau pasodoid ayj (g) pue ‘au)] uoydis mau ay) jo uoipod adpy mau pasodoid ay} () ‘aull uoydis BunsIxa
3y} jo uoipod adid adpy 3y) (L) 0} bBuipuodsaiiod 'sjuswbas (g) aaiy} ojul pspiAp si auljadid pesodoud ay)
ejeq ubisaq adid

Isw ‘Y 00209 |2Aa7 [00d |RWION
|9AB" JBIEM JBAIY OIUO
1002 Joque03( Jo Se 1swy  00'k88 12497 JBIEM JIOAIRSDY

ejeq ubisaq resauag

adid UOJ| BINAN( 40} PaAIaSa! 8! £, JUBWBRS adid “Aluo adid 3JQH J0) PaAIasal ale ,Z, PUE |, Suswbag adid

“O3NI™ 333, 199USHOM BU U 9|qe} dNXOO| € oY pauleqo si adid Lol 3|ONP Joj LBJBWEIP 8pISUl ayL

{3SN 81 0y Bulwem e ul ynsal soz1s adid J9||ews “Joble) 1o JS1OWEQ [EUILION SBUDUI 01 JO adid J0) ‘uoleuLou papiroid ay) uaab ‘adid IJQH JO JOISLIEIP SPISUI BY) SSIEIND[ES AJ[EINEWIOINE J58YSHOM By
‘MO|4 BY) JO PUE 'SSE|D PUE ‘921G ‘9dA L adid AU JO UONIBIAS AU} 4O} 1NANI ¥ISN 84NbaJ YNId Ul PSIEdIpUI S|I8d BUL

9218 pue adA | adid usAIB 4o} 31y 9B1eydsIq |EMEIPUIA JIOAISSSY UBISSQ dUY) JO) SUOIHIPUOD MO SAINALLIOD JABYSHOM SIUL

mOJj 84 A3AU0D 0} 31ENbBPE 3q 0} PAJSPISU0D 3q [Im 3ZIS 2did P3ISIaS aul uau)
‘pa1eo0] 8q 0} SI JINEA SAEA [01U00) pasodosd 3y} a1aym ‘g1 | JUIod Je Uoyeas|d punoib ay) sAoqe s pue ‘adid ay) Buoje aseymisana adid aY) JO UMOID By} SAOQE S| UIT SPEIS JINEIPAH PAINAWIOD SUj ‘MO|4 PUE (JAJSWEIQ [BUILION) 871G adid pajoaias e Jo} ‘)|
pajaaes aq pinoys
2218 adid safiuE| B pUE ‘MOY B} ADAUOD 0 @1enbape aq jou Aew 3zi1s adid ay) uay)‘adid ay) JO UMOID 3y} MOJSQ SAIP 3y Spesb diNeIpAy ay) ‘Juswubie suadid ay) Buoje Juiod Aue je ‘)|  PauILLIB)ap 8q UED ||y MOl Paapul S0P adid By) JBY) UOIBULLUOD
‘3)yoid sunadid ay) yim suonead|d speud dynespAy pue apeib ABiaue Bunnsas sy) Buuedwos Ag 'pajeIndied uay) se auladid ay) Ul $9SS0| ABISUS BU) 'JI0AISAS B} Ul [9AS] JOTBM UMOUY B UM Buipe)s 'pasn s| yoecsdde Wealjsumop e ‘SISAJeue siy) J04

s1eudoldde Se apew 3q ||Im SUOHEDYIPOW Jusnbasgns pue ‘payuaa aq
UOD MO|} 3] pue adid 3y} JNOQE UMOUY S UCHEULLIOJUI JUBIIYNS Bulwnsse ‘(uonenbgy

uondwnsse syl yibua) amua s InoyBnoay jiny moy |im 3unadid 3Y) 1Y} PALUNSSE S
nowsg JO uuoj |eieuab au) uoilenb3 ABiaug sy Buisn pajoipald aq ued WI)SAS ay) u) )

| ‘sisAjeue siy) Jo4
d Aue 1e ABJaud ay

JSISATYNY QAH. 1994SH0M Aoed (esodsig uny sA0NFoN
coocuergl I uBisa aur uoydis maN UOBELS JaMOd Sjueses)|d
16-0£1-6661 109[01d I¥D Apms juswbeuep Jiorassy Addng ABiaug Auauba|y



T10 2IWd 0€:+/2002/70/2 LA /SISAlBuE pAu/yy~ uoydismau/L Gp/0. L-666 1

Lsrese  s20 TN ¥Bg 210 50 26 £20 OEEL 137y DJUQ 01 SS0/pEsy IEioians ]
| es02 00'0 00c 000 000 15'0 26'L £20 1228 WINEA DATEA, (01000 PUSO00I 0] SSOIDEDY "[EI0NANS |

= 00°209 S8 s¢lel SS'/2L SS icL J3ARY OIQ Ul jiEHNO i
vee 620 000 000 000 000 920 000 691 8219000 [ €2'5.2 uoll ‘onp )

soh 00'+v09 €09 0s'62L 62'6CL 6L62L c¢cl-1d 9c
st 000 000 000 000 000 LS50 000 60 2160100 | 92798 adpy Z

sah Lv'ie9 Lv 029 19'0€L leed LE1EL 12i-1d 14
44 000 000 000 000 000 000 000 eT cLe0lo’0 | 6S7¢Cle adpy z

SaA v6'1C9 ¥6'029 66'7¢L €a'ces €9'eeL 0Z)-1d ve
LEE 000 000 000 000 000 000 000 LEE C160100| 91'60€ adpy 4

sak cLTe9 cl1e9 189¢€L 00284 00 /8L 6l1-1d €C
L0€L 000 AN v¥ 69 210 000 150 000 Ll 2160100 | 64191 adpy 4

SoA clees [AXAA] £7'608 20018 L0018 (peoy exaing je puaq) gL i-1d (44
06°2 000 000 000 000 000 iS50 000 EEL ci60L00| 0L'2i9 adpy 14

sah 08'v29 8'€z9 vELL8 16°118 L6°L18 ii-1d 34
vl 000 00’0 000 000 000 000 000 173 2160100 | S8'6SH adpy 4

SaA 02’629 v 80'6!8 ¢L 618 618 gli-Ad 0c
80’} 000 000 000 000 000 000 000 80°L 2160100 | 9066 adpy c

soA 06'L29 6929 gl oce 08 028 08028 Sli-1d 61
eLe 000 000 000 000 000 LS50 000 ] 4 CL60L00| Ch'es) adpy [

sak 0v'8c9 ¥'L29 68'Cc8 £5'cC8 €5 €cg vii-1d 13
Lz 000 000 000 000 000 000 000 (31 2160100 | 92°0LL adpy c

sohk 88829 88'/29 01 ¥28 vl'ves vilves €Ll-1d FAS
01¢C 000 000 000 000 000 250 000 €Sl 2L60L00 | ¥6'6E4 adpy c

soA €C'629 €2'829 0c'9zs €8'928 €8'a¢ce chi-1d gl
20C 000 000 000 000 000 000 000 coe 2160100 | 0S8l adpy 4

SoA 04’629 1829 faA"T4°] 58'8¢8 S8'9¢8 Lhi-1d Sl
A 000 000 000 000 000 S0 000 si¢ 2¢le0L00| 66661 adpy 4

sahk [r ) ¢ 629 16'0e8 09'LE8 09'L€8 0Ll-1d 141
sie 000 000 000 000 oo o 150 000 6L¢C 2160100 | 92002 adpy [

s9A 02 0€9 1629 €Lee8 9EvEB 9e've 601-1d el
ve'L 000 000 000 000 000 150 000 LL9 ZL60L0°0 | 2029 adpy 4

soA erra ] S 1€9 90°Lv8 oL'Ly8 0L'Lv8 801-1d ct
60} 000 00'0 000 000 000 000 0070 601 2160100 | ZL'66 adpy [

Sah 05 Ze9 S1e9 Glers 8128 8l'crs 20)1-1d 3
L 000 000 000 000 000 000 000 FA S ZI60L00| 00GEL adpy c

Sah £€8¢ces €8 1€9 29'ch8 9C v¥8 9Zvv8 901-1d ol
1SE 000 000 000 000 000 LS50 000 00¢ CL60L00 | 0L tie adpy 4

soh 2G5 €E9 ¢S5 29 6L°L98 28'Lv8 [4°-¥Az°] S0b-1d 6
28T 000 000 000 000 000 150 000 sce 2160100 | 8E'90C adpy 4

sah 00'9¢9 SEg L0058 $9°058 59058 ¥0L-1d e
8l ¢ 000 000 000 000 000 000 000 8L¢ 2160100 | S0'00C adpy 4

soh 28 L59 28959 02'zs8 €8 ¢S8 €8 2s8 €0l-1d L
S6'C 000 000 000 000 000 000 000 G622 ZLB0l00 | LE°0LC adpy c

soh 2560 26’804 G1'6S8 84658 81658 col-3d 9

LEL 000 000 000 000 450 000 000 090 Z2L60L00 | €9bS adpy c aull Bixe /m uonaaULD

SoA 08 9LL 8GLL LE 968 6 968 6958 ® 9)N0J uoydis m3u Jo |0}-1d S
060 000 000 000 000 000 ta Y] 000 8r0 18v/00°0| €TY9 adpy 3

SaA 00'lgs ocL 8€ /58 8468 68168 Yea.q adojs peoy |neH ysy 14
629 000 000 000 000 000 o o0oo A N1 18v200°0 | 90682 adpy 3

ou 00998 S98 19'€98 riv98 vLv98 >ea1q adojs peoy Jayo)eabld €
156 000 000 000 000 000 89°L 000 68°L 187.00°0 | PEYSOL adpy 2

ou 00288 188 {4 71] LLEL8 LLEl8 UneA uoydis je §said 4
8Ll 000 000 000 000 000 o 000 960 18v2000| SS62l adpy 3

ou 00278 9/8 €9vi8 60648 606.8 LUEP j& UOlOSUUDD |[lempesy 3
16 000 000 000 000 000 o €20 I} 18v2000 | ¥120L adpy 3

soh 00848 L8 £5°088 00'188 00'l88 JI0AJ9S3) Ul BxEJUL o]

WA MOIS | Gsw ) | (sw gy | (sw g | (swH) [
ssed 0} adid j0 adig jo |uoneas|3 | uonead|y ) SOAIEA SaAeA SIAIEA uonou4 [S17:1)) wswbag
9jenbapy | uonens|g | uoners;a | epes pesH |ssojpeaH 03 ¥02uD | amosul | poinys $99) spusg | soueiuz adid Juapels) | auadid | (1) peeH adid Juawbag
adid s| UMOID paAul  |onespAd | ABusug 18101 SS5S0|PEDH uonouq (1o wBua | Afisug | jo adA suyadid uonduosaq julod

200cuerol 4

16-0.1-666 109l0ld |vD

LSISATYNY GAH. 183USHOM
uBisaq aur uoydis maN
ApmS wawbeue Jonssay

‘310N

Ajoed |esodsig uny S,A0F30W
UONELS JaMOH SJUBSES|d
Addng ABisug Auaybayy



T 40 L/Z00T/HO/CLAPIXEW SUSE L™ ¢L/bd uoudismauy| Gp/0LL-6661

(sso|peay 4o y L£°Z 1B 0) paie|noje 39eq) ST Wok "NIAID SUMEsE) SHUMINUE  Z2/6) Bumag uadQ % 10y BAIEA JO AD
anEay S/amognUew 00} anlen Jo Bumas usdo %

{ (S9USS UI) SBAIEA JO JAQUWINN

sayoul oL JAIBA 0 8215

eq BAlBA JO 3dAL

sunzeq SAJBA JO JAINOBJNUENY

WISAS Bt aU] YENoI SSSSOINEDL J0IPa.d A|SJEIN0OR OF JHYSHIOAR B3 JOJ POPIACIC SQ 1SALY UCHELIOIUl SIY [
anleA B4y UBNOJY) SSOIPESY BU] JO UONEINALIOD MOJIE O) "SA|EA AU} UO EJEP JUSUINSD AI09dS I1SNW Jasn Sy} 'AJO3LI0D UONIUN O} SSOIPESH SAIEA S[NOJYL JO) MO[OG UONEINGE} By} JO

‘aIMEIS)Y SJ9INJOBINUBW LIOJ) PSUIEIGO SIB SBNIEA AD BUL
PoIE2IpUI BUMSS DU} JB SAlBA BY} YBnosy) SIND90 1By} SSOPESY 2y} Judsaidal pinom ainssaid uj doip sy

ainssaid ul dosp dp
moy [o)
(dp)ubs /D =AD SI A Joj uonenbs ay) ‘191em 104

aunssaud U dosp Jooy (1) 3U0 e yum moy ssed 0} Ajoeded S,8AIBA 3U) JO JUSLIBINSESLW B SI AD
‘BNBA AD $,9A1BA 3Y) PUB aABA 3] JO Builias ,uado %, ay) uodn Juspuadap S| SAIEA 9[1101Y) B 10} SSOJPESY Y|
ejeq uBIsaQg AIBA 0Ly L

oe0 g0l ey 92T o s 197} (W) PESH AUDOIA
GO d‘sonneipAr buusauibuz ‘asnoy  120°0 Gop d'soyneipAry Bupssuibugz asnoy  €LOT0 GO d'soyneipAr Buussutbug’asnoy  £10°0 W 101084 UONOU Yoegsopa-Aoseq

oeo  glg S0P °d'solnepAl Buuasuibug‘asnoy OCWS S0 d'SONBIPAL BuusauIbUT ‘'9snoy YIooWS 10108} M/Q, adid

Gop°d ‘9snoy ‘ual 1sed 04 abesane  Z1L00°0 SO a'soynespAr buussuibugz ‘asnoy YJoows Sot d'solnespAH Buussubug asnoy  loows JojoE) N, adid

980 60+360°S 9/e0 §0+3L1°9 9/e0 GO+32L'S 3 4equInN s,plouAsy

o soabep op 1B 191eMm L10000°0 o Saaufiap v e 19jem 1100000 o saaubop op Je 19jEM L10000 0 (S/Z) AUSOISIA JNUEUAQ

o0 zzZ'8 oes  90TL oes 18704 (s0y) Auo0RA MOIS (INd

o 180 9 850 90 69°0 (1 bs) eary adid mo)4 N4

afireyasip ubisep sonesel  EVZE BUBYISID [EMBIDYJIM HONBSA) WINWIXBW  ELZE BlUBYOSID [eMBIDYNM JONIBSAI WNWIXEW  €LZE (WwdBb) mol4 ubisaq

OJUI /R4, JOBYSHIOM WO dn 4OO| ‘8Cid U0t BYONP ‘Ol VHIIA  $ITH @2 ZEV'OL adideosu ‘ojur saumoenuew 9fed  0sZ'LL (sayou) adid Jo Jsjewelq spisul
adid uas aIND ‘oJul VHAId  06E pasodoid L} wng-se L} SSEID 40 WS

pasodald FAN pasoda:d Z ng-se ZL (sayou) |euiwop ‘szig adid

pasodoid uoi “Jonp pasodaid  34QH wng-se  IdaH adid Jo adA L

€ Juawbas Z Juawbas | Juawbas
au voydis mau ay) Jo uoued uoll SINdNP
mau pasodosd ayj (g) pue 'sul uoydis mau 3y Jo uoipod adpy mau pasodoid sy (g) ‘aul voydis Bunsixa
ayy Jo uoniod 2did adpy 2y} (1} 0} Buipuodsauoa ‘sluswBas (g) 8a1y) 0jut papiaip st suadid pasodosd sy L
Beq ubisaq adid

Isw Y 209 1887 100 EULON
[9AST JB1EA JOAIY OIYO
100z Jaqwasaq jo se |sw ‘Y 189 |oAST JOTEM JIOAISSIY

ejeq ubisa( |esauag

‘adig uoy|

13N 104 parIasal s £, JuslWwbeg adig “Ajuo adid 34aH JOj penIosal ase Z, PUE 1, Sluswbes adig
LO4NI" 434, 192USHOM BU1 Ul B|GE) dN3OO) B WL PSUIEIqO SI 3did U0 SIONP J0J JOJ3WEelp BpISUl 9y |
43sN ayi 0) Buliem e ul jnsal sezis adid Js)lBWS JabiE) JO J9jBWEIJ [BUILION SSUIUI 0} J0 9did 10} ‘uoneuuosul pepiacid sy} uaAlb ‘adid J-QH JO JS}BWEIP SPISUI Y} SSIEINDIED A||EDNELIOINE JOBYSHIOM BY |
“MOJd 9y} 40 pue 'sSelD pue ‘azig ‘adA L adid au) JO UODSIBS DY} 10) 1NANI WISN 31Nbal HNid Ul PSIEIIPUI ][99 YL

"921G pue adA ] adig uaAIb e 10) ‘aley abu1eydsig |EMEIDUNIAA JI0AIBSOY UBISBQ 9y} JOJ SUOIIPUOD MOy SSINAWOD JB3USHOM SIUL

' MOJ aU) ASAUOD 0) B1ENDIPE 8 0} PAIBPISUDD 3Q |IM BZIS adig PS)IISS By sy}
‘pa1ean| 8q 0] Si JINEA BAEA 10)UOD pasodold By} asaym ‘gl | Julod Je uoneas|d punoib ay) aroqe st pue ‘adid ay) Buoje aseymAsans adid ay) JO UMOID By} BAOQE SI BUIN SPRID JNNEIPAH PSINdWwod By} ‘MOj4 PUE (JSJBWEe!] JBUILON) 8215 adid pajoalas B o) |

‘pe1oaies aq pinoys
821s adid Jabie| e pue ‘moj 3y} A2AU0J 0} gjenbape 3q jou Aew azis adid ay) uay)‘adid su) JO UMOID Syl MOJ3q SAIP Su| apeIB JNeIpAY By yuswubie suadid sy Guole Julod AUE 1 ‘) ‘paulLL)ep 3q UED ||ny Mo peapul saop adid 3Y) JEY) UONBULLUOD
‘spyosd sunadid ayy Yim suoneas|d apesb olnespAy pue spesb ABisus Buninsss sy Buuedwos Ag 'pajenoied usy) aJe auljadid By} Ul SaSSO| ABJaua ay) *JIOAIaSa) ) Ul [9AS] JOTEM UMOUY B Uim Buiuelg pesn S| yoroidde Wweasumop € ‘SISAJBue SIy) 104

‘sieudosdde se opell 8q [m SUOHEOYIPOW JUSNDISQNS PUE ‘payua aq ||m uondwnsse sy Bus aimua sy ynoybnosyy 1Ny moy 1w suedid ay) jey) PBWNSSE S| J 'SISAJEUE SIyY) 104
puod Mol ay) pue adid 3y} IN0qe uMOUy S| uonewWwIojul JuSNS Bulwnsse ‘(uonenb3 sy nowsagq Jo wuo; [esauab ay)) uogenb3 ABisulg ay) Buisn paidipasd aq ued Wa)sAS @y} Ul julod Aue je ABiaua ay)

AujoeS |esodsig uny s A0
ZOOZUErLE M uBisaq uoydis pasodoid UONE)S JaMOd SIUBSES|d
1G5-021-6661 199[0)d IVD Apmg nonssay Alddng ABisug Auaybs|y



T 10 2/2002/70/L/XeW SUSE ¢} 2L/ uoudismau/LGp/0. L-6661

9e'vee 1oAId OMO O) SSOIPESY [E0IaNS |
8526l JINEA SABA [01JUDD pasodold 0] SSo[pesy ‘fej0ians .—

SaA 00985 GBS L0019 ZLhg CHHI9 4O OIYO un lEANO iz
vl SOt 000 000 000 000 60 000 Si's 6680200 | €2°SLC uoit jonp €

soA 00 +09 €09 187419 98'819 98'819 cci-1d 92
96 v 000 000 000 000 000 €0¢ 000 €6'C £€8/€€00| 9198 adpy I

soh Lv'129 L1029 el i) AR 28'e29 12i-1d jo24
8t4L 000 000 000 00'0 000 000 000 8lL'2 €8.£800| 65212 adpy 4

sah v6'1¢9 6029 S.8¢9 00'1€9 00'Le9 0ci-1d Ve
¥ 0L 000 000 000 000 000 000 000 vv'0lL  |€BLEE00 | 91 '60E adpy Z

SoA clee9 cl'ie9 61'6E9 St Lv9 SY'L¥9 6lL-1d 4
08’61 000 S9¢ s9¢ 00’0 000 €02 o000 Lr's €8LEE00 | 64191 adpy 4

B cL'ee9 2L'ze9 6659 SC'LS9 S¢'LS9 (peoy exain3 je puaq) g1 |-1d I44
vive 000 000 000 000 000 €0¢C 000 1222 |£8.€€0°0| 0LCL9 adpy c

sah 08'v¥29 8'€29 €L'649 66 189 66189 Lit-1d 74
ov's 000 000 000 000 000 000 000 or's £8/€€0°0 | S8'6SH adpy c

sah 02 sc9 c've9 €1 689 6€'/89 6€°289 9it-1d 74
SE'E 000 000 000 000 000 000 000 see £8.E8€0'0| 9066 adpy c

soh 06/29 6'929 B 889 1069 2069 Sli-ld 6l
€L'8 000 000 000 000 000 €0c 000 699 €8/EE€0'0| ZL'861 adpy Z

sok or'8c9 v'ic9 0c'L69 9t 669 9ot 669 vil-1d Bl
vi'e 000 000 000 000 000 000 000 vie €8.E€0°0 | 9L'0L} adpy <

sohk 88'829 88229 ¥6'00L 0Z'e0L 0Z2'E0L €lLi-1d yas
9.9 000 000 000 000 000 €0¢C 000 [ ¥4 €8/€€0°0 | ¥6'6€} adpy c

sak €2 629 £2'829 V2104 96'60L 96 60. chi-1d gl
s2'9 000 000 000 000 000 000 000 S¢'9 €84€€0°0 | 0S8t adpy 4

soh 0L 629 1829 96 €L [44:192 229lL thi-id St
6.8 000 000 000 000 000 £€0°C 000 9.9 €8.EE00 | 6666} adpy 4

soA 02 0€9 7629 §L22L 10622 L0522 0bb-Ld vt
0g's 000 000 000 000 000 €02 000 LL9 £8.€€0°0 [ 9200C adpy 4

soA 0l'0€9 1’629 sGles 0g'ecs ogeel 601-1d €l
66CC 000 000 000 000 000 €02 000 S6°0C |€8LEEQ0| ¥2 029 adpy 14

B §C7e9 sTle9 €S V5L 64°95L 64952 801-1d <t
FA4S 000 000 00'0 000 000 000 000 iee €8.£€00| L.L'66 adpy 4

sah 0G 2e9 S'1e9 06'26L | 9L'09L 9L'09L 101-1d L
9GP 000 000 000 000 000 000 000 9GSy €8/€E00| 00°SEL adpy c

sok €8°¢E9 €8°1E9 9¥' 9L cLY9L cL 9L 90}-1d ok
LELE 000 000 000 000 000 €0¢ 000 826 €8LEE0 0| 0LV.iC adpy 4

soA CS €E9 26°2E9 8LELL v0'9LL v0'9LL S0l-1d 6
106 000 000 000 000 000 €0c 000 16’9 €8/EE00| BE'90C adpy c

S9A 00'9e9 Ge9 8.'¢8L y0'68L ¥0'68. ¥0l-1d 8
9.9 000 000 000 000 000 000 000 9l'¢ €8.EE0°0 | S0'00C adpy [

sah 28°L99 ¢8'999 ¥568L 08'L6L 08'16L €0l-1d yA
€L'6 000 000 000 00’0 000 000 oo'o el's €8.£€0°0 | LE'0LCT adpy Z

soA 2560, 2580L 89’864 €6°008 £6'008 20l-1d 9
8g'c 000 000 000 000 €0C 000 000 S8l €8/EE0°0 | €9PS adpy [ aul| Bixa /m UORIBULCD

soA 08 9L 8GLL 56208 L8908 18 08 R 9)N0J UOYdIS MU JO LOL-Ld k]
66C 000 000 000 000 000 0s't 00’0 6v1 9LEC0 0 € adpy 3

soh 00'les 0L €1'908 08208 08°208 %e3.q adojs peoy ineH ysy 14
6961 000 000 000 000 000 0s'L 000 skl 9LET00 | 90'G8L adpy 3

ou 00998 S98 28'628 6v'L28 6v'L28 >E1q 2dofs peoy Jayeadld €
€V 0E 000 000 000 000 000 109 000 4444 91€20°0 | ¥YE'PSOL adpy 3

ou 00788 188 S§2'968 267498 76°L58 1nea uoydis Je )sas 4
8y’ 000 000 000 000 000 05 000 86¢ 9lez0'0 | S5'8Zt adpy 2

ou 00448 918 €098 ot 298 0¥'Z98 WED JE UOHIBUUOD ||eMpESY 3
09'84 000 000 000 000 000 0g'L 80 9z9l 91€20'0 | ¥IT0L adpy 3

sak 00'8.8 18 €€6.8 00'ieg 00'Lee JI0AI9S3I Ul 8xejul 0

(wAymold | (sw™y) | Gswy | Uswyy | (swy) )
ssed0) | adidjo | adidjo |uoneas|3 | uoners|y W) soneA | SeAlBA | SSAEA uonouy (um) | wewbss
ojenbapy | uoneaa|3 |uoneas|3 | spers) pesH |ssolpesH %3 ¥oeyo | emosyt | Hownys 583 spuag | eoueju3l adig sipess) | suedd | (W) pesH adid jusbeg
adid St umol) usaul  |onnespAy | ABreug 12101 SaSS0ipEIH uoouy |0 ybue | ABisug J0 8dA) | auyadid uonduossg julod

200ZUErLE I

15-0L1-6664 19901d (VO

ubiseq@ uoyds pasodolid
Apmig Jlonasay

Anoeg jesodsig uny s,A030W
UONEIS Jomod Sjueses|d
Alddng ABieu3 Ausyba|y



Allegheny Energy Supply Reservoir Study GAl Project 1999-170-51
Pleasants Power Station New Siphon Line kif 28Jan2002
McElroy's Run Disposal Facility Waterhammer

Objective: Determine the potential for waterhammer and/or surge, and design measures to
mitigate or minimize adverse effects.

Surge occurs in a pipeline whenever a change in the momentum and inertia occurs.
Waterhammer is a surge that occurs due to a sudden change in these parameters.

Maximum surge pressures (waterhammer) would occur when
valve closure time <= 2 x length of pipeline / speed of the pressure wave
of tv<=2L/s
s is dependent upon properties of the fluid and the pipe
s = 12*sgqrt ((K*E)/((w/g)*(E+(K*DR)))
speed of the pressure wave (fps)
bulk modulus of the liquid (psi)
Modulus of Elasticity of pipe material (psi)
Dimenson Ratio
unit weight of the fluid (pcf)

acceleration constant (f/s2)
322 f/s"2)

Qzgmx®»
P

The excess pressure realized during a rapid valve closure is
dP = wsdv/144 g

dP change in pressure (psi)
dv change in velocity (fps) that occurs during the critical time 2L /s

For the application at hand,
Consider the siphon is operating at its design flow and at its predicted maximum hydraulic capacity

Q= 1700 gpm design flow, worksheet "hyd_anal_des_12"
Q = 3213 gpm maximum hydraulic capacity, worksheet "hyd_anal_max_12"
K = 300,000 psi water
E = 100,000 psi hdpe, short term stress
DR = 17 max SDR of the siphon pipe, worksheet "hyd_anal_des_12"
w = 624  pcf water
L = 7331 ft worksheet "geometry”
v = 549 fps design flow, worksheet "hyd_anal_des_12"
v = 10.37 fps maximum hydraulic capacity, worksheet "hyd_anal_max_12"
s = 655  fps speed of the pressure wave through the pipe
s is independent of the flow rate
tv = 22 seconds tvis independent of the flow rate

The maximum value of dv is when the fluid is brought to a standstill by the valve closing, such that

dv = 549 fps design flow conditions, when the fluid is brought to a standstill
dv = 10.37 fps maximum hydraulic capacity conditions, fluid is brought to a standstill
and therefore
dP = 48 psi waterhammer pressure, design flow conditions
dP = 91 psi waterhammer pressure, maximum hydraulic capacity conditions
Therefore, the occurrence of waterhammer could add 48 psi design flow conditions
91 psi maximum hydraulic capacity conditions

rating required for the pipe.

1999-170/d51/newsiphon_R4/waterhammer/klf/12/04/2002/4:30 PM/1 of 1
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