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PREFACE 

~This rep prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D. C. 20314. The purpose of a Phase I investigation is to
identify expeditiously those dams which may pose hazards to•
human life or property. The assessment of the general
condition of the dam is based upon available data and visual

• inspections. Detailed investigation and analyses involving
topograhic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team.

It is important to note that the condition of a darn depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the darn at some
point in the future. Only through frequent inspections can
unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or
corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established guidelines, the spiliway design flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The spiliway design flood provides a measure of
relative spillway capacity and serves as an aid in deter—
mining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, - 
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PHASE I REPORT
NATIONAL DAM INSPECTION P ROGRAM

ABSTRACT

Beaver Dam: NDI I.D. No. PA 00453

Owner: Municipal Authority of Westmoreland
County

State Located: Pennsylvania (PennDER I.D. No. 65-7)

County Located: Westmoreland

Stream: Beaver Run

Inspection Date: 25 May 79

Inspection Team: GAl Consultants, Inc.
• 

-
~~ ea y oa

~~~~ .~;•r?V ~ r Monroeville, Pennsylvania 15146

Based on a visual inspection, operational history, and
available engineering data, the darn is considered to be in
poor condition. The defunct facility has been essentially
.~bandoned since 1952 and its reservoir is sediment filled.

The size classification of the facility is small and its
hazard classification is considered to be high. In accord-
ance with the recommended guidelines, the spiliway design
flood (sDF) for the facility is considered to be the Prob-
able Maximum Flood (PMF). ~Resu1ts of the hydrologic andhydraulic analysis indicate that the facility is capable of
passing and/or storing only 36 percent of the PMF without
embankment overtopping.~ Overtopping and embankment failureis also anticipated und1er floods of less than 1/2 PMF magni-
tude which would result in an increase in the potential for
loss of life downstream of the darn. Thus, based on screen-
ing criteria contained in the recommended guidelines, the
spiflway is considered seriously inadequate.

~~ructura1 deficiencies noted by the inspection team in-
• cluded substa’ .ial embankment overgrowth, an access road cut

through the ~obankment near the left abutment, cracking ofthe masonry spillway wingwalls, arid a sediment filled
reservoir.

Due to the seriously inadequate spil].way and overall poor
condition, the facility is considered unsafe but non-enter-
gency as failure is not considered imminent. However, it is
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$ recommended that the owner immediately develop a warning
system to notify downstream residents should hazardous
conditions develop. Included in the plan should be pro-
visions for around-the-clock surveillance of the facility

• during periods of unusually heavy precipitation.

In addition, as the facility is essentially abandoned and
the reservoir is sediment filled, it is recommended that the
owner assess the feasibility of dismantling the embankment
in accordance with PennDER, Division of Dam Safety, regula-
tions and/or modifying the facility to eliminate the poten-
tial hazard due to possible failure from overtopping.
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1~ PHASE I INSPECTION REPORT
• NATIONAL DAM INSPECTION PROGRAM

BEAVER DAM
NDI# PA—453 , PENNDER# 65-7

SECTION 1
GENERAL INFORMAT ION

1.0 Authority.

The Dam Inspection Act, Public Law 92-367, authorized
the Secretary of the Army , through the Corps of Engineers ,
to initiate a program of inspection of dams throughout the
United States.

1.1 Purpose.

The purpose is to determine if the dam constitutes a
hazard to human life or property.

1.2 Description of Project.

a. Dam and Appurtenances. Beaver Dam is an earth
embankment approximately 32 feet high and 385 feet long
(including spiliway). - The defunct facility no longer serves
its original purpose as a water supply facility and has been

- idle since 1952. The dam is constructed with a masonry
spiliway located about 35 feet left of the right abutment.

• The crest of the spillway is 100 feet long and about 11 feet
below the top of its wingwalls. -

~

Several outlet conduits are associated with the facility ;
however, only one presently retains a degree of operability .
That conduit, a 48-inch diameter blowoff pipe, is reportedly
located in a rock tunnel cut through the right abutment
which discharges adjacent to the right spillway wingwall.

b Location. Beaver Dam is located across Beaver Run
in Washington Township, Westmoreland County , Pennsylvania,
about 1/2—mile upstream of the confluence of Beaver Run and
the Kiskiminetas River. The towns of Apollo and Vandergrift,
Pennsylvania, are situated downstream about 2 miles north of
the facility. The dam and reservoir are located within the
Vandergrift, Pennsylvania , U.S.G.S. 7.5 minute topographic
quadrangle (see Appendix G). The coordinates of the darn are
N40° 34.9’ and W79° 34.3’.

- 
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4 c. Size Classification. Small (32 feet high, 148
-- acre—feet storage capacity at top of dam).

d. Hazard Classification. High (see Section 3.l.e).

e. Ownership. Municipal Authority of Westmoreland
County
~~~~. 0. Box 730
Greensburg , Pennsylvania 15601

- • 

f. Purpose of Dam. Formerly water supply; has not
been in active operation since 1952.

g. Historical Data. A historical report available
from PennDER files (dated May 18, 1915) indicates that
Beaver Dam was constructed in 1901—1902 by the Apollo Water
Works Company , a wholly owned subsidiary of the Pennsylvania
Water Company, to serve the water supply needs of nearby
communities. The facility was designed by James H. Harlow
and Company of Pittsburgh, Pennsylvania.

Available correspondence from PennDER files indicates
that reservoir siltation was a major problem at this facil-
ity throughout its history. Modifications to. the outlet
works were made on two separate occasions for the purpose of
aiding in silt removal. Sometime between the years of 1902
and 1915, a hole was cut through the face of the spillway
and a 24-inch diameter cast iron pipe (C.I.P.) installed.
This conduit was to provide a means of blowing out the silt
behind the darn, but its success was limited. In 1919, a
tunnel was excavated through rock in the right abutment and
a 48—inch diameter blowoff line installed , primarily for the
purpose of desilting the reservoir. Correspondence indi-
cates that in 1924, it was proposed that the sediment be
removed by hydraulic means; however, it is not known whether
or not the plan was executed. In 1941, the reservoir was
reported to be totally sediment filled.

A state inspection report dated 1935 indicated that
ownership of the facility was transferred to the Vandergrift
Water Company sometime after 1932. Maintenance of the
facility appears to have steadily declined with maintenance—
related deficiencies being addressed in 1948 and 1964 state
inspection reports.

Beaver Darn was phased out of active service upon comple-
tion of the upstream Beaver Run Dam in the early 1950’s. At
this time, both facilities were owned and operated by the
Municipal Authority of Westmoreland County . Downstream

• facilities, including filters, pump house, and caretaker ’s
house were subsequently removed and the facility , for all( intents and purposes, has been abandoned

.2



1.3 Pertinent Data.

a. Drainage Area (square miles). 10.9 (local)
54.4 (total)

b. Discharge at Dam Site. Discharge records are not
available.

c. Elevation (feet above mean sea level). The follow—
ing elevations were obtained through field measurements that
were based on the elevation of the emergency spillway crest
at 843.5 feet.

Top of Dam 850.8 (low spot)
Maximum Design High Water Not known
Maximum Pool of Record Not known
Normal Pool 843.5
Spillway Crest 843.5
Outlet Upstream Invert Not known
Outlet Downstream Invert Not known
Streambed at Dam Center Not knownL Base of Stilling Basin 818.8
Maximum Tailwater Not known

d. Reservoir Length ( fee t ) .

Top of Dam • 

5000
Normal Pool 4000

e. Storage (acre—feet) .

Top of Dam 148
Normal Pool 18

f. Reservoir Surface (acres).

Top of Dam 24
Normal Pool 12

g. Dam .

Type Earth
Length 385 feet

• Height 32 feet
Top Width 10 feet
Upstream Slope 2H: 1V
Downstream Slope l.5H:1V
Zoning None indicated
Impervious Core None indicated
Cutoff None indicated
Grout Curtain None indicated

3
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h. Overview and Regulating
Tunnels. None

• i Spiliway.

Type Concrete overflow
section with masonry
wingwalls.

Crest Elevation 843.5

Crest Length 100.0 feet

j. Outlet Conduits.

Type 48-inch diameter
C.I.P. placed in a
tunnel cut through
rock in the right
abutment.

Length • Not known

Closure Valve with manual
control mechanism
located in circular,
vertical chamber at
right abutment .

Access Access to right
abutment area is
difficult. Condi-
tion of valve
chamber renders
valve control
practically inoper-
able; however, valve
is apparently in
open position.

4
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SECTION 2
ENGINEERING DATA

2.1 Design.

a. Design Data Availability and Sources.

1. Hydrology and Hydraulics. No design data,
-• calculations, or reports are available.

2. Embankment. No design data , calculations, or
reports are available. Limited data pertaining to the
design features of Beaver Darn are contained within PennDER
files in the form of state inspection reports, dated photo-
graphs, and miscellaneous correspondence. No design or

• construction drawings are available. A brief stability
analysis (dated 1915) of the spillway structure, presumably
by PennDER personnel, is also available.

3. Appurtenant Structures. See 2 above.

b. Design Features.

1. Embankment. Based on information contained
• in PennDER files, general statements can be made regarding

the embankment design. The facility was constructed in
1901-1902 and consists of three sections, a masonry and
concrete spillway flanked by earth embankrnents. The right
embankment is about 35 feet long while the left embankment
measures about 250 feet in length. No information is avail-
able pertaining to the internal design of the earth section
or the foundation. The embankment was constructed with a
2H:lV upstream slope, a l.5H:lV downstream slope, and a 10—
foot top width. The original embankment upstream slope was
covered with stone to the flow line while the remainder of
the embankment was grass covered.

2. Spiliway. The spillway overflow is constructed
of rubble masonry covered with a facing of concrete. It is
100 feet long and flanked by rubble masonry wingwalls. The
structure is reportedly placed on a shale foundation and is
constructed with a corewall that is carried 30 feet into
both embankment sections.

3. Outlet Works. The facility was originally
constructed with a 24-inch diameter C.I.P. passing under the
main embankment and reportedly founded in natural soil. The
conduit was separated into three lines downstream of the
embankment with a 24-inch diameter by 16-inch diameter cross.
One line continued to the filter plant, one reduced to a 12-

• 
inch diameter blowoff that discharged into the stream channel,

5
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while the third line served as a reserve supply line. The
outlet works were modified twice subsequent to the original
construction. The modifications included the installation
of a 24—inch diameter C.I.P. through the spillway and a
48-inch diameter conduit placed in a tunnel excavated

• through rock in the right abutment. Both modifications were
presumably undertaken to provide a means of discharging
sediment accumulations.

b. Design Data and Procedures.

1. Hydrology and Hydraulics. No design data or
information relative to design procedures are available.

2. Embankment. None available.

3. Appurtenant Structures. None available.

2.2 Construction Records.

No construction records are available for the facility.

2.3 Operational Procedures.

The facility has not been in active operation since
1952 and is now sediment filled and self-regulating.
During the visual inspection, discharge was observed from
the vicinity of the 48—inch diameter blowoff line reportedly
located at the right abutment which remains open year round.

2.4 Other Investigations.

There are no available records concerning formal studies
or investigations of Beaver Dam other than inspection
reports from PennDER files dating to 1915 and a brief set of
stability calculations for the spillway structure (dated
May 1915).

2.5 Evaluation.

Information contained in PennDER files indicates Beaver
Dam was constructed in 1901 and 1902. The earliest avail— —

able records are contained in a historical report dated 1915,
approximately 14 years after construction . Little engineer-
ing data and no drawings are available relative to the
design and construction of the facility ; however , sufficient
information is available to make a reasonable Phase I
evaluation of the dam and its appurtenances.

6
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SECTION 3C VISUAL INSPECTION

3.1 Observations.

a. General. The general appearance of the facility
suggests that it is in poor condition.

b. Embankment. Based on visual observations, the
embankment is considered to be in poor condition. The
slopes and crest are heavily overgrown with large trees and
thick brush (see Photographs 1 and 4). The structure has
been partially breached by a temporary construction road cut
through the left embankment approximately 40 feet from the

• left abutment (see Photograph 4). The road has effectively
reduced the top of dam elevation by about two feet.

c. Appurtenant Structures.

1. Spillway. The spillway is considered to be
in fair condition. Cracking was observed along the wing—
walls, primarily at the mortar joints (see Photograph 3).
The area behind the weir is heavily sedimented while some
debris, including several large logs, were found lodged
against the crest and partially obstructing flow (see Photo-
graph 1).

2. Outlet Works. The outlet works are considered
to be in poor condition. The original outlet conduit,
beneath the main embankment, was presumably disconnected
after use of the facility was discontinued. A 24—inch
diameter line extending through the face of the spillway is
inoperable and has been for many years due to sedimentation 

I

- 

-

behind the spillway weir. The only apparently functional
outlet conduit is the 48-inch diameter pipe reportedly in a
rock tunnel extending through the right abutment. This line
is presumed operable as considerable discharge was observed
through the abutment on the day of the inspection (see
Photograph 7). The gate control, located in a circular,
vertical chamber about 30 feet to the right of the spillway ,
is practically inaccessible and inoperable (see Photograph 5).
A portion of the inlet structure was observed and also found
to be in poor condition (see Photograph 6).

d. Reservoir. The reservoir behind Beaver Darn
originally contained about 70 million gallons of water (215
acre—feet) and formed a 12-acre lake according to a state
inspection report dated 1915. Presently , the reservoir is

• almost sediment filled and more resembles a marsh (see
• 

- Photographs 9 and 10).
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e. Downstream Channel. The stream immediately below
Beaver Dam flows in a northerly direction through a parti-
ally developed valley with a broad base and steep confining
slopes (see Photograph 8) .. The first residences are located
approximately 1,500 feet downstream of the embankment (see
Photographs 11 and 12). At a distance of about 1/2 mile
downstream of the embankment, Beaver Run flows into the
Kiskiminetas River. Within the next two miles, the banks of
the Kiskiminetas are lined with residential and industrial
developments as the river flows past the communities of
Apollo and Vandergrift. -

3.2 Evaluation.

The facility is in poor condition, having essentially
been abandoned since 1952. The reservoir is sediment filled
and offers little storage capacity. In accordance to recently
enacted state legislation, the facility should be dismantled.

8
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SECTION 4
OPERATIONAL PROCEDURES

4.1 Normal Operating Procedure.

There are no formal operating procedures associated
with Beaver Dam and the facility is essentially self-
regulating. The reservoir is sediment filled and has little
remaining storage. Inf lows are discharged directly over the• spillway and through the blowoff line at the right abutment
which remains open continuously.

4 . 2  Maintenance of Darn.

No formal maintenance program exists at this facility.
Its overall poor condition suggests that little maintenance
has been performed in many years. Essentially, the facility
!has been abandoned .

4.3 Maintenance of Operating Facilities. 
—

See Section 4.2 (above) .

4.4  Warning Systems.

There are no formal warning systems associated with
this facility.

4.5 Evaluation.

Beaver Darn has not been in operation since 1952 and has
essentially been abandoned. There are no formal manuals or
procedures for maintaining or operating the facility. In
addition, there is no formal warning system in effect at
this site.

• 
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SECTION 5L HYDROLOGIC/HYDRAULIC EVALUATION

5.1 Design Data.

No design data, calculations, or reports are available.

5.2 Experience Data.

Actual discharge records are not available for this
facility. No data related to the performance of the facility
and its appurtenances during major flood events are avail-
able.

5.3 Visual Observations.

The visual inspection revealed the facility to be in a
deteriorated condition. The embankment is heavily overgrown
and partially breached near the left abutment by a temporary
construction road. The spiliway overflow section is in good
condition; however, the masonry wingwalls show considerable
cracking. In addition, the reservoir is sediment filled and
has very little remaining storage. The above conditions
raises doubts as to the facility ’s reliability during a
major flood event .

5.4 Method of Analysis.

The facility has been analyzed in accordance with the
procedures and guidelines established by the U. S. Army ,
Corps of Engineers , Baltimore District, for Phase I hydro-
logic and hydraulic evaluations. The analysis has been
performed utilizing a modified version of the HEC—l program
developed by the U. S. Army, Corps of Engineers, Hydrologic

• Engineering Center, Davis, California. Analytical capabil-
ities of the program are briefly outlined in the preface
contained in Appendix C.

5.5 Summary of Analysis.

a. Spillway Design Flood (SDF ). In accordance with
procedures and guidelines contained in the National Guide-
lines for Safety Inspection of Dams for Phase I investiga-
tions , the Spillwa y Design Flood (SD?) for Beaver Dam
ranges between the 1/2 PM? (Probable Maximum Flood) and
the PM?. This classification is based on the relative size( of the dam (small), and the potential hazard of dam failure

10
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to downstream developments (high) . Due to the high potential
for damage to many residences as well as to the presence of
two upstream impoundments , the SD? for this facility is con-
sidered to be the PM?.

b. Results of Analysis. Beaver Dam was analyzed under
assumed normal operating conditions . That is, the reservoir
was initially at its estimated normal pool or spillway eleva-
tion of 843.5 feet (MSL) , with the low—level outlets assumed
to be non-functional. The reservoir area is presently
virtually silted in such that only about a 1.5-foot depth of
storage exists below normal pool (Appendix C, Sheet 2 ) .  The
spiliway is, by design, a masonry, ogee-like weir structure
with concrete facing. However, due to the silt problem,
the spiliway presently performs like a free overfall, criticalr flow control structure (Appendix C, Sheet 7). In addition,
a small construction area access road was recently cut into
a portion of the embankment near the left abutment which
resulted in the lowering of the effective low top of darn by
about 1.7 feet.

The Beaver Run Dam, located about 5.5 miles upstream
from Beaver Darn along Beaver Run, was also evaluated in this
analysis to assess its effects on Beaver Dam. It too was
investigated under normal operating conditions. That is,
the Beaver Run Dam reservoir was initially at its normal
pool or spillway elevation of 1050.0 feet (MSL), with its

-
• low-level blowoff line closed. Information concerning the

reservoir ’s elevation—storage relationship was available
and used in the analysis. The Beaver Run Dam facility is
serviced by a concrete shaft spillway . The 215 feet (estim-
ated) of embankment at the left abutment is sloped such
that the vertical alignment of the dam drops about 5 feet
within this length (Appendix C-l, Sheet 17). Therefore, the
low top of dam elevation is that corresponding to the 5-foot
drop.

Finally, Gilkerson Dam, located about 0.5 mile upstream
from Beaver Dam along a small tributary to Beaver Run, was
included in the evaluation so that its effects on Beaver Dam
could be assessed. Gilkerson Dam was also analyzed under
normal operating conditions, which were assumed to be that
the facility ’s reservoir was initially at its normal pool or
spiliway elevation of 1,023 feet (MSL), with its low—level
outlet closed. The Gilkerson Dam spillway is a combination
riprap paved and concrete chute channel, with discharges
controlled by a rectangular, critical flow section. All
Gilkerson Dam elevations and dimensions are based on design
information contained in PennDER files.

Necessary downstream channel routing between dams and
beyond Beaver Dam was done under the assumption that the 

11
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( streams were dry prior to the inflow of dam outflows. All
pertinent engineering calculations relative to the evaluation
of Beaver Dam are provided in Appendix C, while calculations
relative to the evaluations of Beaver Run and Gilkerson Dams
are provided in Appendix C-l (Sheets 1 to 20 of 20, and
Sheets 1 to 11 of 11, respectively).

Overtopping analysis (using the Modified HEC-l Computer
Program) indicated that the discharge/storage capacity of

• Beaver Dam can accommodate only about 36 percent of the PM?
(the SD?) prior to the overtopping of its embankment, while
the discharge/storage capacities of both Beaver Run and
Gilkerson Dams can accommodate floods in excess of 50 per-
cent of the PM? prior to their respective embankments being
overtopped (Appendix C, Summary Input/Output Sheets, Sheets U
and V). The low top of embankment of Beaver Dam was inundated
by depths of water of about 1.8 feet under 1/2 PM? condi-
tions, and about 4.5 feet under PM? conditions. The low
tops of darn of Beaver Run and Gilkerson Dams were inundated
by depths of water of about 4 .0  and 0.3 feet, respectively ,
under PM? conditions.

Since the Beaver Dam facility cannot safely handle a
flood of at least 1/2 PM? magnitude , the possibility of
embankment failure under floods of less than 1/2 PM? intensity
was investigated (in accordance with ETL-1l10-2-234). Several
feasible alternatives were analyzed , since it is difficult,
if not impossible, to determine exactly how or if a specific
dam will fail. The major concern of the breaching evalua-
tions is with the impact of the various breach discharges on
increasing downstream water surface elevations above those

• to be expected if breaching did not occur.

The Modified HEC-l Computer Program was used for the
breaching analysis with the assumption that the breaching of
a dam would begin once its reservoir ’s water level reached
the low top of dam elevation.

Two sets of breach geometry were analyzed for the
Beaver Dam for each of two failure times (Appendix C,
Sheet 11). The two sets of breach sections chosen were
considered to be the minimum and maximum possible sections.
The two failure times (total time for each breach section to
reach its final dimensions) under which the two breach
sections were evaluated were assumed to be a moderate time
(1.0 hours) and a prolonged time (4.0 hours) so that the
effects of this most sensitive variable might be examined.
In addition, an average or more probable set of breach
conditions was analyzed, with a failure time of 2.0 hours.

12
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The Beaver Darn peak breach outf lows (resulting from a
0.38 PM? overtopping) ranged from about 6480 cfs for the
minimum section-prolonged fail time scheme, to about 7560
cfs for the maximum section—minimum fail time scheme (Appen-
dix C, Sheet 13), based on the assumption that the silt
volume behind the darn would not flow. The outflow for the
average breach conditions was about 6470 cfs, compared to
the non-breach 0.38 PM? peak facility outflow of about
6480 cfs (Summary Input/Output Sheets, Sheet V). The water
surface elevation corresponding to the non-breach 0.38 PM?
peak discharge at a section (Section 7) located about 1,200
feet downstream from the dam (at the first structure) was
approximately 812.7 feet (MSL), that at a section (Section 8)
located about 1,800 feet downstream from the darn was approxi-
mately 809.8 feet (MSL) (Summary Input/Output Sheets,
Sheet V). The water surface elevations corresponding to the
average condition peak breach outf low at the two above—
mentioned downstream sections were about 813.0 feet (MSL)
and 810.6 feet (MSL) , respectively (Summary Input/Output
Sheets , Sheet EE). The approximate elevations of the first :- -

•

three houses located at Section 7 are about 819 feet (MSL),
816 feet (MSL), and 811 feet (MSL); the approximate elevation
of the two houses located at Section 8 is about 807 feet
(MSL) (field measured). Therefore, the increase in the
water surface at Section 7 caused by the failure of Beaver
Dam was about 0.3 feet, with the breach water surface above
the damage level of only one of the structures. The increase
in the water surface at Section 8 caused by the failure of
the darn was about 0.8 feet, with the breach water surface
above the damage levels of both structures. (Note that those
houses affected by the breach outflows would also be flooded
by the 0.38 PM? even without embankment failure.)

In addition to the breaching of Beaver Dam under the
assumption that the impounded silt would not move, the
facility was failed assuming that the silt would indeed flow.
This assumption is quite realistic, since it is highly
unlikely that a significant portion of the silt volume has
consolidated. The peak breach outflow (corresponding to the
average breach conditions and under the 0.38 PM? overtopping
event) was, then, about 7980 cfs, which resulted in down-
stream water surface elevations of approximately 813.6 feet
(MSL) and 812.0 feet (MSL) at Sections 7 and 8, respectively
(Summary Input/Output Sheets, Sheet EE). The increase in
the water surface above the base elevations caused by this

• mode of failure was about 0.9 feet at Section 7, and about
2.2 feet at Section 8. In addition , a significant portion
of the 200 or so acre—feet of silt will most probably be
deposited on the immediate downstream floodplain.

The consequences of dam failure can be better envisioned
- - if not only the increase in the height of the floodwave is

13
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(~~. considered , but also the great increase in the momentum that
the larger and probably swifter moving volume of water will
possess. Therefore, the failure of Beaver Dam under floods
of less than 1/2 PM? magnitude is quite possible, and will
most probably lead to increased property damage (both water
and silt damage) and loss of life in the downstream community.

5.6 Spillway Adequacy.

As presented previously , under existing conditions
Beaver Dam can accommodate only about 36 percent of the PM?

• (the SD?) prior to overtopping of its embankment. Should a
0.38 PM? or larger event occur, the dam will be overtopped
and will possibly fail, endangering many residences in the
immediate downstream area. Therefore, the spillway of
Beaver Dam is considered to be seriously inadequate.

•
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• SECTION 6
EVALUATION OF STRUCTURAL INTEGRITY

6.1 Visual Observations.

• • a. Embankment. The conditions observed during the
field inspection suggest the embankment is in poor condition

- • suffering from a long—term lack of maintenance and care.
Such extensive and on-going deterioration is considered
serious in light of the age of the faci l i ty  and its hazard
classification.

b. Appurtenant Structures.

1. Spiliway. The condition of the spiliway is
considered Lair. No signs of deterioration were observed - 

-

— along the overflow section . Significant cracks were observed
along the masonry wingwalls and their integrity under large
f lows is questionable.

2. Outlet Conduits. The original outlet con-
• duits associated with the fá~Ility have been disconnectedand presumably plugged . The 24-inch diameter pipe through

the face of the spiliway has not functioned for many years,
due to sedimentation behind the dam. The 48-inch diameter
pipe through the right abutment was discharging during the
field inspection and reportedly discharges continuously.

6.2 Design and Construction Techniques.

No information is available that details the methods of
design and/or construction.

6.3 Past Performance.

No formal records of past performance are available
from the owner; however, historical accounts and inspection
reports available from PennDER recount a history of reser-
voir siltation that could not be controlled . The facility
appears to have been well-maintained up until about 1932.
A noticeable increase in maintenance related deficiencies is
evident in available correspondence for the succeeding
years.

6.4 Seismic Stability.

The dam is located in Seismic Zone No. 1 and is, thus,
-
• 

subject to minor earthquake induced dynamic forces. It is

15
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thought that the static stability of the structure is suffi-• cient to withstand such forces; however , no calculations or
investigations were performed to confirm this opinion. -
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

• 7.1 Dam Assessment.

a. Safety. Visual observations indicate the overall
facility to be in poor condition and essentially abandoned.
Hydrologic and hydraulic calculations performed during this
investigation indicate that the facility will pass only 36
percent of the Probable Maximum Flood (PM?) prior to over-
topping of the embankment. Based on screening criteria
provided by the Department of the Army, Office of Chief of
Engineers, the spillway is deemed to be “seriously inade-
quate” and the facility is considered to be “unsafe—non—
emergency”.

Structural deficiencies noted by the inspection team
included heavy overgrowth of the embankment, an access road
cut through the embankment near the left abutment, cracking
of the masonry spiliway wingwalls, and a sediment filled
reservoir.

b. Adequacy of Information. The available data is
- considered adequate based on the current disposition of the

facility.

c. Urgency. Because of the seriously inadequate
spiliway, a formal warning system should be immediately
implemented. Studies related to the final disposition of
the facility, as discussed below, should be initiated immed-
iately.

d. Necessity for Additional Investigations. Due to
the fact that the facility has been essentially abandoned and
its reservoir filled with sediment, it is recommended that
the owner assess the feasibility of dismantling and/or
modifying the facility to eliminate its potential hazard due
to possible failure from overtopping.

7.2 Recommendations/Remedial Measures.

Due to the seriously inadequate spiliway classifica—
tion, the facility is considered unsafe. Failure is not
considered imminent; however, it is recommended that the
owner immediately develop a warning system to notify down-
stream residents should hazardous conditions develop.
Included in the plan should be provisions for around-the-
clock surveillance of the faci l i ty  during periods of unusu—
ally heavy precipitation.

17
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• 
In addition, as the facility is essentially abandoned

- 
• 

-• and the reservoir sediment filled, it is recommended that
the owner assess the feasibility of dismantling the embank-
ment in accordance with PennDER, Division of Dam Safety,
regulations and/or modifying the facility to eliminate the
potential hazard due to possible failure from overtopping.

I
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t CHECK LIST NDI ID %PA—453
- HYDROLOGIC AND HYDRAULIC PENN DER ID 41 65—7E N G I N E E R I N G  DATA PAGE 5 OF 5

sIZE OF DRAINAGE ~~~~ 
54.4 square miles (total ); 10.9 square miles ( local)

ELEVATION Top NORMAL POOL: 843.5 STORAGE CAPACITY : 148

ELEVATION TOP FLOOD CONTROL POOL: —— 
- STORAGE CAPACITY : — —

ELEVATION MAXIMJM DESIGN POOL: -— STORAGE CAPACITY : — —

ELEVATION TOP DAlI: 850.8 STORAGE CAPAC T TY : 18

SP!LLWAY DATA

CREST ELEVATION: 843.5

TYPE: Uncontrolled masonry spillway with concrete-faced overflow
crest

WIDTH: 100 feet

LENGTH: N/A

SPILLOVER LOCATION: 35 feet from right abutment

I’.U~1BER AND TYPE OF GATES : none

OUTLET WORKS

TYPE: 48—inch diameter C.i.P.

LOCATION: Excavated through at base of right abutment

ENTRANCE INVERTS : not known

EXIT INVERTS : not known

EMERGENCY DRAWDOWN FACiLITIES:  48—inch diameter gate valve located
at base of vault in the embankment adjacent the right abutment.

HYDROMET EORO LOGICAL GAGES

TYPE: none

LOCATION: ——
RECORDS: ——

MAXIMU-I NCN-O~MAGING DISCHARGE: not known• )
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PREFACE

The modified HEC-l program is capable of performing two
- basic types of hydrologic analyses: 1) the evaluation of the

overtopping potential of the dam; and 2) the estimation of
the downstream hydrologic—hydraulic consequences resulting
from assumed structural failures of the dam. Briefly, the
computational procedures typically used in the dam over-
topping analysis are as follows:

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
- reservoir to determine if the event(s) analyzed would over-

top the dam.

c Routing of the outflow hydrograph(s) from the
reservoir to desired downstream locations. The results
provide the peak discharge(s), time(s) of the peak discharge(s),
and the maximum stage(s) of each routed hydrograph at the

• downstream end of -each reach.

The evaluation of the hydrologic-hydraulic consequences
resulting from an assumed structural failure (breach) of the
dam is typically performed as shown below.

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
reservoir.

c. Development of a failure hydrograph(s) based on
specified breach criteria and normal reservoir outflow.

d. Routing of the failure hydrograph(s) to desired
downstream locations. The results provide estimates of
the peak discharge(s), time(s) to peak and maximum water
surface elevations of failure hydrographs for each location.
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Geology1 
-

•

Beaver Dam is located in the Pittsburgh Plateaus Section

of the Appalachian Plateaus Physiographic Province of western

Pennsylvania. This section is characterized as a high plateau

underlain by flat-lying to gently folded sedimentary rock

strata. In the vicinity of the dam and reservoir, the

Pennsylvanian age rocks gently dip to the northwest at

approximately 125 feet per mile or less than two degrees. j
Structurally , the dam and reservoir are located between

the Murrysville-Roaring Run Anticline to the southeast and

the Duquesne Syncline to the northwest. The axes of these

structures conform to N30°E trend typically displayed by the

folded structures of the Pittsburgh Plateaus Section.

-
• The sedimentary rock strata contained in the abutments

and underlying the alluvial deposits flooring the Beaver

Run valley are members of the Allegheny Group of Pennsylvanian

age. The strata of this group extends from the top of the

Upper Freeport Coal to the base of the Brookville Coal and

have an average thickness of about 300 feet in the vicinity

of the site. The Allegheny Group contains several coalbeds

as well as clay and limestone. The intervening measures are

sandstones and shales being quite similar to the strata

characteristics of the overlying Conemaugh Group. The Upper

Freeport Coal horizon which marks the upper limit of the

Allegheny Group occurs in both abutments above the dam.

The Upper Freeport Coal in the right abutment is completely

_ __ _  

E~l 

_ _ _ _
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—
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F

mined out whereas coal in the left abutment in apparently

in-place, although it m a y  be locally mined along the

outcrop.

1Hughs, Herbert H., “Geology and Mineral Resources of the
Freeport 15 Minute Quadrangle, Pennsylvania,” Topographic
and Geologic Survey, Atlas 36, 1933.

I —

I

~
—

r i  

E—2

I. ~~~~~~~~~~~~~~~~~ 5~~~~ t ~~~~~~~~~~ ~~4A4b41i.L. ~~~~~~~~~ ~~~~~~~ ~~~~~~~~ .L IF



F.—— ~~~ ~~ 
-5. .- — . - - -——5.  5. —-—-5.5 -—--5--- - — --5.—.- - - —-— -~‘. _-.—._.-7.—-:-_. ;-

~~:: . . ---5--- -- ---
~~~~~~~

——,-.,. . - —‘-- -.~~~
5-.:’5-

__ • 
.‘;

~
_ ~~~~..::‘~~

-- :
~=;: ~~~~~~ -

—
5 4 . 

-

‘
- S - Qal a

~ 
.~~~‘ ~~~

%_
&., I

~~ c~’ ~~t~-:- ~~~~~~ I .. 
. . 

. . .. ‘ ‘

~

•_\
-
~~~~~~~~~~~~~~~~~~

o .  

\%
‘

.q’ o~ -
-

s .-. ~

-5
’ 

110 .....—:.~ Qit 
, 

.. 

. 
.. 9 - ,

~
. 

. .. 
“ I 

• 
. ~~~~

. • ‘  1.” . ~~~~~~~~ 

. - S 
- 

I-

: . 
.

.. 

•: ~~~ 
•

5 _ ~~~~~
\~~ 

- -
‘I

- ‘ ‘ 
-

110 . ‘ •

. . 
i~ % \ . 

,

• C

) ) :‘ ‘ 

• 

. :

.

-. ~~~~~ 

~~~ ~ ~ 5’ 
\
\

~.- 

Pc~ ~ 

. ‘ 

.‘ 

.

‘. \ 
.

‘ 
- 

. 
;•

~ ) 0 •
~~~ 

• - -. 
,‘r ’\ ‘.

~
“ • 

BEAVER DAM . \ ~

~~~~ ~~ . 

I 

~~~~~~~~~~ 

‘

~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~

. . . 
. 

. ••“~
“
. .

‘.

L E G E N D  Pain— —
~ 

silt, sand & gravel ; ,f ’ ”

~~~

. 

~~~~~~~~ ~~ 

contains no Igneous (
~ o • 

~~~~ ~~

~ ~~~; 
Silt , clay , sand & \~ .•. . . 

. ‘ S
.
.
’

-

a~ o’ gravel In the flood , • .

~ c 4 ~m~f present streams ~~~~~

U; I ~ Mostly shale with 
Pa L •

~ ~ ~ sandstone In lower ~~~~~ ~Y’~” :‘

~~!~~~~~
t 

-~~~~~~~~~~~OL~~Y MAP

~~~

. 

~~
- VANDERGRI FT, PA.

~~ ~ Shale & massive sand- 
~~/4 r~~~~m’ 15 OUA~~ANCJLE

~~ . ~ 
stone with beds of N4030—W7930/7.5

‘-I ~ lisitestone, coal S
~ fire clay ; Upper ~r e •

~ & . PHOTOREVISED 1969rreepor~ coa ~ a~ ~op ANS 5065 II SE—SERIES VS3I— _ . 5

~~ - - . • .  ::~~:~~~ •~~~~ • _T- -T:~_. ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - ~~~~-~r-=~~~r ~~ ~~ -
-
~~~~~ ~~~. ~~~~~ •.. ‘5— I



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — __
~~ S5-iS• • - - ,- ~~~~ •r ~~~~~~~~~~ -

~~~~~~~~- : ~~~ ~~~~~~~~~~~~~~~ ~~~— —_- — 5_S•~~

-f

APPENDIX F •

I FIGURES

F , 

—

I

I - i

~~~• •~~~~~~~~~~~~~~ - - - •  - —•5~~~~~~~~~~ ~~~~~~~~~~~~



_____ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~ ~--~-~~~-~~- - -  - - -  •

-i
LIST OF FIGURES

Figure Description/Title

1 General Plan - Field Inspection Notes

J

i

-~~~~ -

- ~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -  - - - 

-~

( 
STEEP SLOPES

• 
cUT IN ROCK

T T T  
U -.

- ____________________________

• ‘-k. 
~ 

- —

~ F - — ‘~~~~

2 &r (13 U FLAT GRASSY AREA -“~
— 4

AT DRY A. ‘
~~~~ 

a” __
‘1LY VEGE 1. rLli 7I(,l’.,~ ~. ~~~~ 

#.~p .~~.ES & BRL,

L~
P ~~~~~~~~~~~~~~~~~

- 

FIGURE 1. - BEAVER DAM
GENERAL PLAN

FIELD INSPECTION NOTES

_______________________________________________________________  

I 
•1

- 
• •; • .. -

---5. —— —~~ — • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~ -~~~~~— -



- ,——~~~~
--—-- - ., -. —_S_-_,__•_-7i.,—_-r_i____-5__~~ 

-5.

APPENDIX G

REGIONAL VICINITY
-
~ AND

WATERSHED BOUNDARY MAPS

• 
(5I —

‘f t

I -~~~~~
-- — - 

- 4 — -__________________

* - • 
‘. ~

-, 
- 

: - -
~~ I

——-- 5— - a—-— ---- ——-- h ~~~~ ~~~~~~~~~~ — -



wS— 5. - -— ---5.--- 5-’-- —- - --—-—-.5r-5.--- ~~~~~~~ 5~5~~55.~~ 
~~~~~~~~~~~~~~~~~~~ ~ • • ‘—:‘-- -

~
--5 

~~~~~~~ . -‘~~w ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
‘ ‘  • ~~~~~~~~~~ 

- —. _

~~~~~~~
-‘- — —

.• .  
. I

‘ .• S ,_

~‘

,l ,/ 
-

“
-

- 

I ~~~~

- , 
- 

.\ - t ~~~~~~~~~~~~~~~~~~~~~ ‘ 
— 

‘

‘ 

: 

‘° 

° 

‘ ‘ 

~ ~ 

. 

~ 

. 

\\ 

~ \\
\ 
\
\ ~ 

~ ~ ~~ 

‘ 

----~~~~~ 

I

• 

0 ‘
~~ 

‘•
. 

BEAVER DAM ‘ -

- NDI *
- 

0

‘ ‘~::~ I ~~~~~~~
— 

. . ‘ ‘ 
. 

‘ ~ %.%~
‘
~i4 

-

- S •
~

.
‘ 

‘ 

~~~ ~~~~~~~~~

, -5 . --,

‘ - : 
• ~ t._i_~ 

‘ 

‘5•5
% 

~~ 
•~ 

—

~~~~~~ 

• 
. 

• 0 ‘: 
.5 
N~

~~~.
, 

4 

/ 

. 
. 

~~ ~~~~~~~~~~~~~~ 

, 

0 

~~~~~~ 

:

I,, • 
. 

5.- -

. ‘ - - .

‘ _ \  %
_ 

..
. 

S

•** .• \ . ‘S

~~ • 
‘.  • 

S

~ (
~i • ‘:~~;~

) • 
5,.—.

’ 
,- LF •  . -

- -

~._,, \ -.

0 4 EGIONAL V I C I N I T Y  MA

• . .. 

~44
$
4

~~~ 

, VANDERORIFT, PA.
~~~~ WI. 

• 

~ 
SE/4 FREFORT 45 OUADRANOLE

--.1 N4030—W1930/7.5

~ ‘953
‘ r - c::1 PI4OTOREVISED 1969

AMS 5963 II SE—SERIES VUI

k_ --- ~._~5:iTi::-i_ m-—-.. ~ _ _ 
- 
:• .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~— ~~~~~~~~~~ • . . - . — - -- — ~~~~~~~~~~~~~ - -



- ij.~
_ 

~

‘ 

~~~~~~~~~~~~~~~~~~~~~~ ~Ez)~2I: 

~~~~~~~~~~~ 
-
:

- 

‘ :;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~ 

~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5

5. 

(~~ ?
,_ f / ~~~~ •:~~~~
:

F

~F ~~~~~~~~ ~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~ ,

_

~~~~ ~~~~~

~ ,- ~~~~~~~~ 
- -

~~~ 

— 

~ 0 ~ ~ 

‘
\~~~~~~~~~ ~~~~~~~~ ~~~~/

_ 

-~~~ 

~~~~~~~~~~~~_
_

S 

~~~~~~~~~~~~

~~ 

~~~~~~~~~~~ 
, 

s cD

_ 

~~~~~~~~~~~~~~ 
,
~-~

_
1 ~

•~~~~~ 4 ~j ;:~~~~ ~~~~~~~~~~ 
“S~t . . ~

.) 
~~~~~~~~~~

: 

~ 3J~

~~ ~~
:- (~

)
~~~~ 

~~~~~~~~ 
I

~~~~ ~~I

_

_
5_  

• 

~~~~ ~~~~~

‘ 
. 

- f
7_ i_ _ _

~ 
-
~ 

~~~~~~ ~~~~~~~
f ?

~~~~j ’ ~ 

- 

.

~~ 

~~~~~~~~~~ 

~
:-
~ •

“
~ 

- 
_/

~ 
\ —

- ‘ - :- ‘ 

~~ -~ 
-:

~~~-

‘ 

~~~~~~~~~~ ~~~~~~ ~~~~~ 1~ 

‘ 

~~~~ ~~~~~~~~~~ ~~~ 

\
;~~~ r

_ _
S . •

_
,
)~~~~~ - -~~~~~~

- 

~~~~~~~~~~~~ 

.
- -5. ~~~~~~ 

- 
1

— ~~ i
_ 

q ~ ~ 

~~~~~~~~~~ —
~~~ - ;~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

-

- - ~~~YER OAM - - -,~ 
( 

— 
~:~—• - ~ I

~D I G PA-4 53 ~~~~~~ 
- S ._~ ~ _~ .- - - -S ~~~~~ }

.
~~~~ 

F ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
\~~ ~ 

~~~_)_ - -~-~ ~
- ~~~~~~ j~ 

~~f~~~~
_ 

_ f ~ ,~~-;/
--5-5.— ---

- 
- : ~ 

•
~~ 

• \ ~:;; ;:~ ~ I ~
_ 

~~ 
SUB B A S I N  ~ ~. ~ ~~ - 

- ~ - - —~/ I ‘
~~~~ 

_9 ~::~f~ \

- .
-

-
-- - (~~~~~_~Z :  . 

~~~~~~~~~ ~~~~~~~~~~
- - 

—

-- - _
/f~ - 

- _ - ‘~=~
j  - 

~ •~
‘
l ~ ~ N ~~P ~ ~~ -~

-F,- : ~~~ c~ 
“ 5.\____ 

~~~~~ / /~
I ~~

-

~~~~~ 

- 
S 

~ ~ 
- 

: ~ ~ ; ~~~ ~~~
- 

~ ~ 
F 0 

~ ? c7 ~ ~~ ~
_ 

~ 
--

- /1 SUB-BASIN - ~ 
~~

f_
_______

-
_ ‘—

~
- 

I ~:

~ Th~
, 

~~ 

~ 

~ 

I 

~ 
~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 

I:!

-~~~~- 

. 

~~~ 
5. 

. 

-

‘ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ :,-~~~~ , e~~~

F 
•

~~~~~~~ ~~ 

- 

~~v7_ . - ~~ 
‘

- I -

~~~~~~~

I\~~~~~~~~~~~~~~~~~~~
’ 

~ ~‘1p~> -

~~ 

\—•---- ~ 

~~~~ 
j  

~ ~.• 0 
~~

\
\ 

~
‘?

0 ~L ~ J I ~
, 

~~~~~ _~~~ f~~~~~ _ 

- - 

~\ _~~~ ~~~~~~~~~ 
0 

~~~~~~~ ~
( O  

~~~
—
I WALL I~~ 4~~~~ 

t~_~~_ 
- S 

\ \ f  ~~~ ~ / 4 \\~

~
—

~~_~~
II

~ ~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

__55 - ~~~—-~~~---- -5.- 5,- -- —h.—’ ~~~~~
‘ 

~~~~~ 

- 

~~

~— t 
- 
~—1 

\~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VATERSH ID BOU NDARY NAP ~
— - - - 5.— -5.-

- 1~ - -.-.- LONG EST wAtc ~ COUlSE



•— --
- - 

- - - 
AVONMOR~~P& SA1-TSBURO.P& 

~~~~~ 
- •
~~ ~t~

” - ~~ ~ ~~~~~~~~~~~~~~ L~~ ~~~~~~~~- 
‘ ~~~ 

5.- N•o3o—w’*n••_fl. N
~ Ofl I—W79fl •./,i ~<~•b ~ ~ ~~~ / - - 

~~~

- .S~
) 

-~C::----5
~ 

-‘ -- - 
• 

:_ — ¼.l~ • 
1.\~’

/ ~~~
-v 

5
~
0 O ( ~

’
~~ D ,V, 

~~~~~~~~~ ~~

-

~~~
‘ 

~ 
\ 

-
~ —

--5 
, 
(~3 t-;;~:? \ ~~~~~ (;~

;-i,~, ‘ ~~\ 5.- 5. VANDERGRIFT PA SLICKVILLE. Pk ‘
~~~F ~ ~~~~ ~~~~~~~ - L~ \~~~- ~ ~ —~-v ~I • E/~ ~~~~~~~~ * ~*~ c,z . c.w~~~~ ~ ~J.a •••_ -~

— - S. ~~~~ 
_

~ • 5. 0 ~ 

_ 
~~~~ ~~ - ~ ~ /~%j~ ~ S~ , ~ -~~— N~•O~ _.-?,~i,/7•~ S~AcQ2•5_W ,~3O/7•S — ~ ‘—~~ —“~ c~’--

---- ~~~~
-
~~ •

-
~~~~~ - 

- -~~-=S- ~ ~I ~ ~ 7 / ~ 
• - S j 

~~~~~~ ~~; \ 
~~ 

~ 

~~~~

o

~~~~~

Di 

ANr .~~~
’E 

~~~~~~~~~~~~~~ /1~&: ~j ;  
I

, ;~g7~ ~ 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•0 f 
•

~ 
~~ ~ 

- 

-$~
fJ

,

~ ~~

‘ ~~~~~ ~- ~ 
~~~~~~ ~~t— c~~ *-\1t~ , ~ 

—

5- ~~~ 
-
~N~~g~

- ‘

A
;—

~ ~ ~~~~~~~~~~~

- : ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~t/ ~~~~~~~~~~~ ~~~~~~~~ ~ -~~i ~~~ :~
-
~ !\ ~~~ 

~~~~~~~~~ 
~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 
~J\ 

~~~~~~~~~ : ~ ~~~~~~~ ~~~~~

I ~ 
° ~~~~ /

l~~~~ 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I’~~~~ ~~ ~~~ 
/~~~ - 

_
~~~~~~~~~ \ - ~ 

~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~

1 ~ ‘ ~ ~~ I ~~~~~~~ 
-

- • ;)~ •
- 

~ ,~~~f ()~~~~~~~ l ~~~ ~~~~~~~~~~ \
\ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

- -
• • ~~~~~~~~~~ F

; 
/ < 

I (TF\J\~~ /~ F ~~ 

~~~~~~~~~ i~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~

~ 

~~~
) - 

~~ ~ 

- 
~~~~~ 

~~~~ ~
~~~~ ~~~~~~~~~~~~~~~~~~ ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~
~~ 

0 7 2~ ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I; \\ 
\

— 
~~~ ~~ 

~~~~~~~~ \ c ~ 
~ - ~ ~~ ~~~~ ~~~ ‘ ~~

- 

- 
~ cc

~ 
5.1T~::: ~~~~~~~~ ~~~~~~~~~~~ Im:: ~~~~~~~~~~~

5
’ 

-

- ~,c _ - 
~~~~~~~ 

F~J~’~~ 
~~~~~~~~~~~ ~~~~~~~~~~ ~

T 5 —
~:i::--~

’i:- :i:- ‘~4c1W
~~ ~ f )~

( 
~~~~ ~~~~ 

7 
~~~~~ \ ~~~~ ~~~ ~~~~~ - \ \\ ~~~ ~ Q~ ~ ~ 

J ~~~~0 • - .~ .-~:— ‘.~ ‘I • - 
-

- /S_~~ ‘ 
~~~~~~~~~~~~~~~~ ~

5.- -5— • S J •, ~ ~.~_—_--- 
• 

. ~~- ~ -
/ ~~~~ ~~~~~~~~~ ~ ~~ l~~~~~~~~ 

~~ ~ ~~~~~:—~~i1 ~~~ ~~~ \~~~~ _ : I ~
\

I ~ ~~~~ 7fr:~~~~ 
5.

~~ 

~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~



:‘~
e15.

~ A VONMORE. PA ~~~~~SBU~~~PA~~~~~~~~~~~~~~~ (~~~~ ~

- ~~~~~~~ _
;/ ~~~~~~~ 

~~ ~
‘ ~~~~~~~~~~~~~~~~ -~.;:

~~ - ~~~ ~~~~~~~~~~~~~~~~~~~ *~ O72 ~ — *7~ 2� ~‘7 5 4 ‘ \ - 
\_ 

I ~ - - ~~ \ ‘4 ~ ~ •.-r- 
~

— 
(~ :—FF :

~\ 
.

~~~

) 
~~~~~~~~~~~~~~ 

~~~~~~~~~~ 
~~~~~ 

~3 ‘~~ ~~~~~~~ 

— -‘5 ‘LJ~ 
4~ - 

~ ~Q;~ \k,5c (~~~~
1 

1 ~ ~~~~~~~~ ~
‘: ——s

:;~
-
~~ —,- VA?~~~~RGRITI . PA. SIjCkvIL11~ PA. -~~

- 
~~~~~~ .-

‘ — —~~
-— - ‘ - - ~ 

‘
~
- 

~~~ 
% ~~~~ - ~‘ ‘-

/,f~~
• _ S ~~/• ‘~~~~~~~ T ~ ~~~~**‘W C/• ~*€D~*~*C ~ ~~~ • ~ ‘, ~~~ ~ . ~ ~ ~ T -~ 

_—. • ~ t• “~ \ ‘ %
- 

N~ O-w~9~/7•S ~1w2•I-w193W75 ~~~ :~ ~ ~—~\ ! ~
-
_~~- 

~~~~~~~~~~~~~~~~ ~~~~~~~~ 
- - \•

_ /4 . - - \\ I
.5 ~- In) I9~’ -< --::~;~

;- 
F 

~~~~~~~~ ~ • - - ~;‘“~“:c-- • - - — -5. \ - &%~
::::: 

~p,
~~io.c_uD l~~. •sOrQ*c*,scQ 1.6$ - ~ • F U ~~~~~~~ ! !~

,_-~4 ~~ • • \ - • ,~ ‘ —
‘I ~~- ~~ if ;~zL~

’
~
”.

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 

- 
~~~~~ 

-

~ 
I~ 

‘~~ ~~~~~~ ‘

~~~~~~~~~ 
- ~~ ~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

~ ~ ~~~~~ ~ ~~~~~~~~~~~ I ~~~ ~ ~~~ ~~~~~~ ~ ( ~~ 
-~~

j
~ ~ ~ ~ 

t 

-

~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

- 

~~~~ ~ 
I—

- 
~~~~ 

F ~~~~~~~~~~~~~~~~~ ~~~~~~~ 

i’- - S~~ , - ~ ~ -;~
-

~ -. ~~ 

F

~
? .

~
. 

~~~ 
f ~~~~~~~ L~- 

5.

- 

~~ \f ~~~~ I (
~~ o ~~~~ ~~ ~~~ \~~~/ 

~~~~~
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 
~U4 ~ ~

£~~~ ~~~~~ ~~~~~~ , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

; 
~~~~~~~ ;~

--
~~ 

I 
~~~~~~~~~~~~~~ 

~~~~~~~~~~~ ~~ 
‘ 

~Ik ~~~~~~~ 

p 

~ ~ , 

(
4 ~

- -  - 
— — —-:1 - ‘\ 

- •F_
-~~;::~- ~~~~~~~~~~~~~~ F/

/
FF~S ~~~

\F~~) ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ 

~~~~~~~~
S 

~~ ~ • ~~~ 

_•_ .— _ — -~1IoAggs, 3l  — — - 
- 

• c-- ~~~~~~~~~~~~ ~~~~~~ —~~~~

-

- 

.1 ~~~~~~~ ~~~

I - Na~ —~~~~~~~~. 
—5.- ( -

I ~t ~~~ — - -F:~~ -. 
~~~~~~~ 

_4”rd,• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ ~~~~~~~ 

-

‘
I 

~ 
( ~ , 1~ , ~~~ ~ ~il:z-:-

~ ~ 
_p,._ ~ ~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~ ~C • ~~Y- -’ C~ ) \

-~ / G 
~~~~~ ~ ~~ ~ - ~~~~•l ~ ~~~~~~~~~~~ ~~~

— —
~~~

— \
\ ~~~~~~~~ 

-

~~~~~~

- 

~~~~ - 
- -

~~~~~~~ 

5.

I~ ~ ~U
’(

~ ~~~~~~~ ~~~~~ 
/—

(
) ~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S -y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•, 
- - - ~~~~~ ~~~~~ ~~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~ 
~~~~~~~~ ~~~~~ 

-

~~ 

\ 

\
~~~~ \y 

F ~< / ‘ 

‘
-5
’ 

4-’ j r/ ~~\~ I~~ 
~~~~~~~~ ~

\
;
~~ 

6
~;1~dJ~5.5. I 

‘~~~~~~ 

~~~~~~~~~ ~~~ ~~~~~~~ ~~~~~
~~~
)  _

~~~~~~~~\ _ ~~~~~~~~~~~~ \
~i:!~

1
’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 

-

5. ( 4 ~ ~ 
-—- 

~~ ~~ 

-

~~~~
y 

~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~ ~~~ ~~ 

-

~~ c~ 4 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
F

’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~ :~ ~
~ 

‘-
•:~.;~

- ~. ~~~~~~~~~~~~~~ - ~
- 

/ ~~~~~~~

71- ~~~ ~~~ 5.: ~~



~~ T—n~-c- 
~~~~~ 

S .
~~~~

. 

-~~~~~~_-~~~~~ 

,
,.~ 
/~~\J r’ - 

~ ~~ (~~~,
t~j  ~~~~~~~~~~~ ~~~L/11 ~~~~~

___5___ 
. 

-5- L k. ~ ~
‘ )‘ \ : i:— - . _ t ‘-

I 
• - j

~ SAL.TSBURO. PA~ LATROBE. PA~

~~~~~~ 

‘ :
- 

~ ~ 
H I J -

~ 
I~ 

• 
~~~~~ ~ 

‘S 
• ~ ~ 

_

c~ \ ~~
_
~
f7• ~~~~~~~~~~~~~~~~~~~~~ 

N.Ol5—.~ .z2 ~I I.I

:-‘
~
;“ ~~~~~~~ 

~~

•
‘
-5

~: ~ ~~~~~~~~~~~ ~ 
~~~~~~~~~~

‘
I ~~~~~~~~ 

‘-:Z: ~~ ~ ~ ~~~~~~~~~~ ~~~~~~~ ~~7J ~So o.:~ eo ‘WI

‘— -S ~ 5’ —5.- 1, W A T ( R SH~~D ~OUND&R ~ - ‘ 
~~~ 

SLICKVILLE . PA CREENSSLIRG. PA

~~~~~~~ 

, 4- _

~

_ _
‘\ 

‘

~~

- — 
, ‘1 ~~~~~~~~~~~~~ I 

y~/ IL~~~~~~~ ~~ 
—.tr: ~ ~ 

~~~~ 
<

F 

•.~ Q2~~~w793O/7S 
~F• ~ ~~~~~~~~~~

~ 
-

~~~~ ~~~\ ~~ 
~~~~~~f f ~~ç ~~~~~~~~~~~~~~ ~ 

- F
~~~kf ~ ~~;k ~~ ~~~ _ _ _ _ _ _

. A ~~~~~~~~~ ~~~•‘ 
~~~~~I\ 

•- ..- 
~~~~~~~~ ~ _ ~ ~ I Qi 

~~ 

I ~ ~ >7 - ‘ 
5—

~ t:’~ 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 

~~~~

~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~ 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~ ~ 

~~~~~~~~~ ~ ~~~

-
- :::

- 

- - 

-
, 

- - ‘1’ 
~~~~~ 

- - 

•‘

- -/ “(
~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~ ~A~j~: 
-
~~~-f l  (—

~~~~~~~~ 

7
J ) \  /~ ~~~~ 

/ - 
-~~~~~~ -~~ ~~~ 

-

F

- 

~~~~~~~ ~~~~~~

-‘ 

- ‘ 

•
~
j
~•~& S ‘i - - 

~~
~~~~ 2-~~

-
~

-
~~~~~ > _ -c~’ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ ~%T 1 I1~~~~~~~~~~~~~~~~~~~

J

~~

I 
-

~~~~~ ~~~~( 

~~~~~~~

I ~ 

~ \~ f~7,J
1~ ~~~

‘ -‘W•~~/ (~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

~~~ :1 *\


