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PREFACE

This report is 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
topographic 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 dam 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 dam 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 spillway design flood is based
on the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The spillway 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, its general condi-
tion, and the downstream damage potential.
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NATIONAL DAM INSPECTION PROGRAM

Hinckston Run Dam: NDI
owner:

State Located:

County Located:

Stream:

Inspection Date:

ABSTRACT

I.D. No. PA-00430

Manufacturers Water Company
Pennsylvania (PennDER I.D. No. 11-9)
Cambria

Hinckston Run

8 August 1979

Inspection Team: GAI Consultants, Inc.
570 Beatty Road

Monroev111e, Pennsylvania 15146
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Based on a visual 1nspect10n, review of post-construction
engineering studles, and available englneerlng data, the

Hinckston Run Dam is considered to be in good condition.

Deficiencies were limited to general deterioration of the
concrete spillway section, and apparent_;noperablllty of the
valves within the intake tower. /j ] /

The size classification of the facillty is 1ntermediate, and
the hazard classification is considered to be high. 1In
accordance with the recommended guldellnes, the Splllway
Design Flood (SDF) for the facility is the Probable Maximum
Flood (PMF). Results of the hydrologic and hydraulic analysis
indicate the fac111ty can pass and/or store about 38 percent
of the PMF prior to overtopping of the embankment. Over- ) | &
topping, even under floods of PMF magnltude, is not expected‘ : .
to cause failure of the unusually massive embankment config-
uration which is composed of erosion-resistant, hot-poured
slag. Thus, the spillway system is considered to be inade-
quate, but not seriously inadequate.<
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It is recommended that the owner:

a. Rehabilitate the spillway overflow structure.
Remedial work should include, but not be limited to, restoring
spalled surfaces, sealing structural cracks, replacing the
concrete apron slabs, and controlling the apparent seepage
through the rock strata under the weir structure.

b. Rehabilitate the valves within the intake tower to
provide upstream control of the outlet system, or develop a
plan to provide upstream control should an emergency situa-
tion develop within the outlet pipes upstream of the existing
valve house.

€l Develop formal manuals of operations and main-
tenance to ensure continued evaluation and operability of
the facility.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM
HINCKSTON RUN DAM
NDI# PA-00430, PENNDER# 11-9

SECTION 1
GENERAL INFORMATION

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 sStates.

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. Hinckston Run Dam is a
zoned earth and slag fill embankment with a central concrete
core wall. The embankment measures 890 feet long (excluding
spillway), and the design and measured height is approxi-
mately 84 feet. The spillway of the facility is a free
| overfall, concrete, trapezoidal-shaped weir structure that
| discharges into a gently sloped open channel. The spillway
| is located at the left abutment and the weir crest measures
: 93 feet in length. A steel-lined intake tower is located
| upstream of the right abutment and provides water supply and
I drawdown capabilities via two 40-inch diameter cast iron
f conduits.

I The facility is unique in that the downstream shell

{ area has been utilized as a slag dump (see Figure 3), which
| has resulted in a minimum embankment crest width of 360 feet
’ (see Overview Photograph and Figure 1).

, b. Location. Hinckston Run Dam is located on Hinckston
P Run, in East Taylor Township, Cambria County, Pennsylvania,

' about 3.5 miles upstream from Hinckston Run's confluence

i with the Conemaugh River (just north of Johnstown, Pennsyl-
vania). The dam, reservoir and watershed are contained
within the Johnstown, Nanty Glo, Geistown, and Vintondale,

[
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Pennsylvania, U.S.G.S. 7.5 minute topographic quadrangles
(see Appendix G). The coordinates of the dam are N 40° 22!
and W 78° 53'.

G Size Classification. Intermediate (84 feet high;
4,010 acre-~feet storage capacity at top of dam.

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

e. Ownership. Manufacturers Water Co.
119 Walnut Street
Johnstown, Pennsylvania 15907

£. Purpose. Industrial water supply.

g. Historical Data. A comprehensive historical
report dated June 2, 1914 is available in PennDER files.
The report indicates that the Hinckston Run Dam was designed
for the Manufacturers Water Co., then a wholly owned subsi-
diary of the Cambria Steel Co., by John Birkinbine of Phila-
delphia, Pennsylvania. Clearing of the reservoir area began
in 1900, and actual work on the dam began in 1901. The
facility was completed in 1905. The report further indi-
cates that Mr. Harrison Souder was engaged as resident

engineer and superintendent of construction, while Mr. Birkinbine

periodically inspected the site during construction.

The report also indicates that construction of the
downstream shell was modified when the height of the "ordinary
£ill" reached about 22 feet (see Figure 4). At that level,
the downstream shell area, and eventually much of the valley
below the dam, was backfilled with hot-poured slag (termed
"cinders" in the historical correspondence). The downstream
shell is designated as the "Rider's Dump Area" in Figure 3.
Discussion and correspondence with the owner's representatives
indicate that modifications have been made to the appur-
tenant structures, and that the available drawings are old
and may not accurately represent the existing conditions.

Some drawings are, however, included within this report to
provide general concepts of the overall design.

1.3 Pertinent Data.

a. Drainage Area (square miles). 10.6

b. Discharge at Dam Site.

Discharge Capacity of Outlet Conduits--not available.
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Discharge Capacity of Spillway at Maximum Pool = 4550 cfs

(see Appendix C, Sheet 9).

Cc.

Elevation (feet above mean sea level).

The following

elevations were obtained from available drawings and field
measurements based on the elevation of the spillway crest at
elevation 1395 feet.

Top of Dam

Maximum Design Pool

Maximum Pool of Record
Normal Pool

Spillway Crest

Upstream Inlet Invert
Downstream Outlet Invert
Streambed at Dam Centerline
Maximum Tailwater

Reservoir Length (miles).

Top of Dam
Normal Pool

Storage (acre-feet).

Top of Dam
Normal Pool
Design Surcharge

Reservoir Surface (acres).

Top of Dam
Normal Pool
Design Surcharge
Dam.

Type

Length

Height

1401.7 (design)
1401.1 (field)
Not known

1402 (July 1977)
1395

1395

1322

1317

1319

Not known

4010
3340
Not known

122
104
Not known

Zoned earth with
concrete core wall
and massive dumped
slag toe area.

890 feet (field
measured, excluding
spillway).

measured; crest to .
invert of blowoff !
outlet).

84 feet (field ?
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Top Width

Upstream Slope

Downstream Slopes

Zoning

Impervious Core

Cutoff

Grout Curtain

Diversion Canal and
Requlating Tunnels.

Varies; 360 feet
minimum width, to
over 1,000 feet
maximum width.

Lower upstream
2-1/4H:1V
Upper upstream
1-3/4H:1V

Varies.

Historical data
indicates zones of
puddle clay, selected
material, and cinder
(hot-poured slag)
£ill.

Central core comprised

of concrete core
wall encased in clay
puddle.

Concrete core wall
on rock along center-
line of dam. A
smaller core wall (4
feet wide and 6 feet
deep) reportedly
exists at the up-
stream toe.

Grout curtain along
base of concrete
core wall consisting
of 2-inch diameter
holes, 10 to 16 feet
in depth, on l-foot
centers. Cement
grout poured into
holes and pneuma-
tically pressurized
from 30 to 60 pounds.

None.
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Type

Crest Elevation

Crest Length

Outlet Works

Length

Closure and Regulating
Facilities

Access

Free overfall,
concrete, trape-
zoidal-shaped weir
structure that
discharges into a
gently sloping
channel.

1395 feet

93 feet (field
measured).

Two 40-inch diameter
cast iron pipes
(supply and blowoff)
encased in concrete
and supported by
concrete piers with
cutoff collars.

Approximately 800
feet from intake
tower to downstream
valve house.

Valves are located
within intake tower,
but are reportedly
inoperable. Control
is provided by
valves in downstream
valve house (see
Figure 6).

Intake tower acces-
sible by foot bridge
from right bank of
reservoir (see
Photograph 3).

Valve house acces-
sible via roadways.

ol b
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SECTION 2
ENGINEERING DATA

2.1 Design. .

a. Design Data Availability and Sources. No design
reports or calculations are available for any aspects of the
original facility. Many old drawings are available from the
owner's files; however, their accuracy is questioned by the
owner. Design features and pertinent details of construc-
tion are available in the following sources:

1. "Report Upon the Dam of the Manufacturers Water

2 Company" by the Water Supply Commission of Pennsyl-
vania dated June 2, 1914 and available in PennDER
files. Excellent historical account.

2 "Report on Hinckston Run Dam" by Hydrotechnic
Corporation, dated May 1918, and available from
the owner. This report inclues a foundation
investigation by Greer Engineering Associates,
Inc., which confirms various design features.

3 "Preliminary Evaluation of Hinckston Run Dam" by
D'Appolonia Consulting Engineers, Inc., dated
July 10, 1979. This report is basically a Phase I
evaluation of the facility.

b. Design Features.

1 Embankment. An historical account in PennDER
files (as listed above) indicates that the embankment was
designed and constructed as a zoned earth fill with a central
concrete cutoff and core wall flanked by clay puddle and
selected materials. The description generally conforms to
the section presented on Figure 4.

The upstream embankment portion is primarily composed
of selected material encased by clay puddle, with the slope
protected by cinder (probably slag) below elevation 1372,
and by hand-placed stone riprap above. The embankment
materials were reportedly "spread in 6-inch to 8=-inch layers,
sprinkled when necessary, and compacted by a 10-ton steam
grooved roller".

The main cutoff wall consists of a stepped concrete
structure founded on rock and extending to elevation 1348
(53 feet below the design top of dam). A grout curtain
consisting of 2-inch diameter holes, 10 to 16 feet in depth,

6
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on l-foot centers and filled with pneumatically pressurized
pure cement grout was also included.

The downstream portion of the embankment was modified
during construction when the "“ordinary fill" reportedly
reached a height of 22 feet, at which point it was decided
to use "cinder" (currently designated as hot-poured slag) as
its replacement by utilizing the downstream area as a slag
dump. Thus, the embankment with its present configuration,
is a unique, massive, slag-buttressed facility with a minimum
crest width of about 360 feet (at the right abutment).

2 Appurtenant Structures.

a. Spillway. The spillway weir discharges into
an open channel which was cut into rock along the left
abutment, and is partially lined along the embankment (see
Photographs 5 and 6). The overflow weir is a concrete,
trapezoidal-shaped structure with visible portions generally
conforming to the sections presented on Figure 5. The
measured length of the weir crest is approximately 93 feet.
The flashboards and supports indicated on Figure S have been
removed.

b. Outlet Works. The outlet works are composed
of an intake tower, concrete encased conduits, and a down-
stream valve house. The intake tower is a cylindrical steel
shell (varying from 19 to 23 feet in diameter) which is
lined with concrete, and rests on a 28-foot diameter, 7-foot
thick masonry foundation. It is located along the upstream
toe of the embankment about 200 feet from the right (west)
end of the dam. Within the tower, at the operating floor
level, are five valve stands previously used to control
intake levels and blowoff operation (see Figure 6 and Photo-
graph 9). Modifications have been made to the intakes and
all remaining valves are reportedly opened, but probably
inoperable.

Two 40-inch diameter cast iron pipes (blowoff and
supply lines) originate upstream of the intake tower, pass
through it, and proceed to the downstream valve house. The
pipes are reportedly encased in concrete and supported on
concrete pedestals with cutoff collars under the upstream
section of the embankment.

At the valve house, piping arrangements are such that
either of the 40-inch diameter conduits can be utilized for
blowoff or supply purposes. The supply line then continues
as a 24-inch main to the downstream industrial facility.
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Control of blowoff capabilities within the valve house is by
electrically operated valves (see Photograph 10).

c. Specific Design Data and Criteria.

¥ Hydrology and Hydraulics. No design data or
criteria are available concerning the present spillway
configuration.

2. Embankment. Other than concrete mixes and
compaction criteria, no design data are available for the
original embankment.

3 Appurtenant Structures. No design data are
available.

2.2 Construction Records.

No formal construction records are available; however,
available drawings are substantiated by an historical account
of construction contained in the previously mentioned report
in PennDER files, dated June 2, 1914.

2.3 Operational Records.

Daily records of operation are maintained by the owner's
full-time dam tender who resides on site.

2.4 Other Investigations.

Reports concerning two relatively recent investigations
are available from the owner. These are:

a. "Report on Hinckston Run Dam" dated May 1918, by
Hydrotechnic Corporation of New York City.

b. "Preliminary Evaluation of Hinckston Run Dam" by
D'Appolonia Consulting Engineers of Pittsburgh,
Pennsylvania, dated July 10, 1979.

2.5 Evaluation.

Detailed historical accounts within PennDER files,
drawings, and recent studies available from the owner,
indicate the facility is designed in accordance with generaily
accepted standards. The data available are sufficient to
make a reasonable Phase I assessment of the facility.

8




SECTION 3
VISUAL INSPECTION

3.1 Observation.

a. General. The general appearance of the facility
suggests that it is well maintained and in good condition.

b. Embankment. Visual inspection indicated that the
embankment 1is in good condition (see Photograph 1). The
upstream slope is well-aligned and adequately protected by
hand-placed sandstone riprap (see Photograph 3). The crest
is grass covered and well maintained, and the downstream
slope consists of a massive accumulation of dumped hot-
poured slag.

The owner's representatives report that the embankment
was overtopped by an estimated l-foot of flow during the
flood of July 1977. The overtopping caused no damage to the
vegetated crest and only minor erosion of the massive down-
stream slope.

Seepage has been historically noted at two locations
about 100 and 150 feet, respectively, downstream from the
valve house. These seeps are currently being monitored via
recently constructed standard weirs. At the time of inspec-
tion, one of the weirs was not discharging, while the other
was passing about 13 gallons per minute.

C. Appurtenant Structures.

1. Spillway. The spillway is considered to be
in fair condition, suffering from overall concrete deter-
joration and a general lack of maintenance, particularly
along the weir section. Deficiencies of the weir section
include spalling, structural cracking and seepage below the
base (apparently through the extensive jointing of the

exposed bedrock surface). A minor rockfall is also obstructing

the weir along the left abutment. The spillway channel is
cut into rock and is concrete lined for a distance of about
90 feet along the right spillway sidewall. Downstream from
the spillway channel has been recently graded and contains
loose earth and rock fill. Bedrock is reportedly near the
surface of the channel bottom and the wall formed by the
embankment is composed of a resistant slag fill.

Approximately 1,200 feet downstream from the spillway
weir the channel bends and is cut into the slag fill until
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it terminates at a 60-foot overfall into the original stream
channel (see Photograph 7).

2. Outlet Works. The intake tower and valve
house were observed to be in good condition (see Photo-
graphs 3 and 8). The blowoff line was operated from within
the valve house during inspection via an electrical valve
mechanism (see Photographs 10 and 11). Valves in the intake
tower are reportedly opened and probably inoperable. The
owner's representatives also indicated that some modifi~
cations have been made to the intake system within the tower
(no as-built drawings are available).

d. Reservoir Area. The area immediately surrounding
‘the reservoir is characterized by steep and heavily forested
slopes (see Photograph 2). The watershed (10.6 square
miles) is comprised, however, of about 50 percent forested
and 50 percent agricultural lands.

e. Downstream Channel. Downstream from the dam,
Hinckston Run 1is confined in a steep, narrow valley, and
empties into the Conemaugh River within the Bethlehem Steel
property in the community of Minersville, just north of
Johnstown, Pennsylvania. Near the confluence are many
residences and active industrial structures (see Photo-
graph 4) which could be affected by the large flows usually
associated with an embankment failure. Thus, the hazard
classification of the facility is considered to be high.

3.2 Evaluation.

The overall appearance of the facility suggests it to
be in good condition and generally well maintained except
for the spillway weir structure. Noted Deficiencies of the
weir structure include spalling and structurally cracked
concrete, and underseepage (apparently through the exposed,
jointed bedrock). The valves within the intake tower are
also reportedly inoperable.

10




SECTION 4
OPERATIONAL PROCEDURES

4.1 Normal Operating Procedure.

Hinckston Run Dam is essentially a self-regulating
facility with excess inflow discharged over the uncontrolled
concrete spillway structure. No formal operating manuals
are associated with the facility; however, daily records of
operation are kept by the dam tender.

4.2 Maintenance of Dam.

Maintenance of the facility is provided by a full-time
dam tender who resides on-site, and by additional summer
help. There are no formal manuals detailing maintenance
requirements.

4.3 Maintenance of Operating Facilities.

See Item 4.2 above.

4.4 Warning System.

A warning system is reportedly being developed in
conjunction with the Cambria County Emergency Management
Agency.

4.5 Evaluation.

The facility is maintained by a full-time dam tender,
and by additional summer help on an informal basis. Daily
records of operation are kept and a warning system is being
developed. Formal manuals of operation and maintenance are
recommended to ensure contained care and proper maintenance
of the embankment and appurtenances.

; 'T 11




SECTION 5
HYDROLOGIC/HYDRAULIC EVALUATION

5.1 Design Data.

No formal design reports or calculations are available
for the facility.

5.2 Experience Data.

The owner's representatives report that the dam was
overtopped by an estimated l-foot of flow during the flood
of July 1977. Visual inspection indicated that damage due
to erosion during the overtopping incident was insigni-
ficant.

5.3 Visual Observations.

The visual inspection of the spillway indicated that it
is in fair condition due to the general deterioration of the
concrete weir structure. Since the spillway is cut into
rock and/or confined by the massive slag fill, failure of
the weir structure would probably be inconsequential.
Nevertheless, remedial repairs are recommended to minimize
possible damage.

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-1 program
developed by the U. S. Army, Corps of Engineers, Hydrologic
Engineering Center, Davis, California. Analytical capa-
bilities 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
the procedures and guidelines contained in the National
Guidelines for Safety Inspection of Dams for Phase I Inves-
tigations, the Spillway Design Flood (SDF) for Hinckston Run

12
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Dam is the Probable Maximum Flood (PMF). That is, based on
the relative size (intermediate), and the hazard potential
(high) of the dam, the facility is required to have
sufficient discharge and storage capabilities to safely pass
the PMF without embankment overtopping.

b. Results of Analysis. Hinckston Run Dam was eval-
uated under normal operating conditions. That is, the
reservoir was initially at its normal pool or spillway
elevation of 1395.0 feet, with the spillway weir discharging
freely, and the blowoff line closed. The design reservoir
elevation-storage relationship for elevations up to about
1,401 feet was available and used in the analysis. The
spillway is a free overfall, concrete, trapezoidal-shaped
weir structure that discharges into a gently sloped open
channel. A backwater curve was computed to ascertain the
affects of tailwater on weir discharges. All pertinent
engineering calculations relative to the evaluation of this
facility are provided in Appendix C

Overtopping analysis (using the Modified HEC-1 Computer
Program) indicated that the discharge/storage capacity of
Hinckston Run Dam can accommodate only about 38 percent of
the PMF (SDF) prior to overtopping of the embankment (Appen-
dix C, Summary Input/ Output Sheets, Sheet H). The peak PMF
inflow of approximately 12810 cfs was slightly attenuated by
the discharge/ storage capabilities of the dam and reservoir
such that the resulting peak PMF outflow was about 12710 cfs
(Summary Input/Output Sheets, Sheets F and G). Under the
PMF, the embankment will be overtopped for approximately
13.5 hours, with a maximum depth of inundation of about 2.6
feet above the low top of dam elevation of 140l1.1 feet
(Summary Input/Output Sheets, Sheet H).

5.6 Spillway Adequacy.

As indicated in the above analysis, the spillway system
of Hinckston Run Dam can accommodate only about 38 percent
of the PMF (the SDF) prior to overtopping of the embankment.
Overtopping, however, under any anticipated flooding is not
expected to cause embankment failure since the downstream
portion of the embankment consists of a massive dumped slag
fill. Therefore, the spillway is considered to be inade-

l quate, but not seriously inadequate.
I
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SECTION 6
EVALUATION OF STRUCTURAL INTEGRITY

6.1 Visual Observations.

a. Embankment. Based on visual observations, the
embankment 1s considered to be in good condition, and is
well maintained. Seepage currently being monitored by weirs
at two locations downstream from the valve house, is consi-
dered to be minor.

b. Appurtenant Structures.

155 Spillway. The spillway is considered to be
in fair condition due to the general deterioration of the
concrete overflow weir. Failure of the weir, however, would
be inconsequential as the spillway channel is cut into rock
and confined by the resistant slag fill comprising the
embankment.

2. OQutlet Works. The outlet works were found to
be in good condition, with the only deficiency noted being
that the valves in the intake tower are reportedly inoper-
able. Thus, there is no means for controlling flow at the
inlet end should the supply conduits rupture between the
tower and the valve house.

6.2 Design and Construction Techniques.

Historical accounts, drawings, and recent engineering
evaluations indicate that the design and construction of the
facility were adequate, in that they entailed the essential
elements of earth dam construction.

6.3 Past Performance.

Available data indicates that past performance has been
adequate. The embankment was overtopped by approximately
l-foot of water during the flood of July 1977, and suffered
only minor erosion damage.

6.4 Seismic Stability.

The dam is located within Seismic Zone No. 1 and is
subject to minor earthquake induced dyanamic forces. Due to

14




its unique, massive downstream configuration and compo-
sition, it is believed that the facility can withstand the
however, no calculations and/or

expected dynamic forces;
investigations were performed to confirm this opinion.

15
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety. The visual inspection suggests that the
facility is in good condition with only minor deficiencies
noted. The size classification of the facility is inter-
mediate and its hazard classification is considered to be
high. In accordance with the recommended guidelines, the
Spillway Design Flood (SDF) for the facility is the Probable
Maximum Flood (PMF). Results of the hydrologic and hydraulic
analysis indicates the facility can pass and/or store only
about 38 percent of the PMF prior to embankment overtopping.
Overtopping, however, even under floods of PMF magnitude, is
not expected to cause failure of the unusual massive embank-
ment configuration which is composed of an erosion-resistant
dump of hot-poured slag. Thus, the spillway system is
considered to be inadequate, but not seriously inadequate.

Deficiencies noted by the inspection team were limited
to general deterioration of the concrete sections of the
spillway, and inoperable valves in the intake tower structure.

b. Adequacy of Information. Available data are
considered sufficient to make a reasonable Phase I assess~
ment of the facility.

(> Urgency. Recommendations listed below should be
implemented as soon as possible.

d. Necessity for Additional Investigations. No
additional investigations are considered necessary at this
time.

7.2 Recommendations/Remedial Measures.

It is recommended that the owner:

a. Rehabilitate the spillway overflow structure.
Remedial work should include, but not be limited to, restoring
spalled surfaces, sealing structural cracks, replacing the
concrete apron slabs, and controlling the apparent seepage
through the rock strata under the weir structure.

b. Rehabilitate the valves within the intake tower to
provide upstream control of the outlet system, or develop a

16




plan to provide upstream control should an emergency situa-
tion develop within the outlet pipes upstream of the existing

valve house.

c. Develop formal manuals of operations and main- p
tenance to ensure continued evaluation and operability of 5

the facility.

17
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CHECK LIST NDI ID # PA-00430
HYDROLOGIC AND HYDRAULIC o
PENN DER 1D §11-9

ENGINEERING DATA PAGE 5 OF § r————

SIZE OF DRAINAGE AREA: _10-6 square miles

ELEVATION TOP NORMAL POOL: 1395 STORAGE CAPACITY: 3340 acre-féet

ELEVATION TOP FLOOD CONTROL POOL: = STORAGE CAPACITY:

ELEVATION MAXIMUM DESIGN POOL: ==  STORAGE CAPACITY: =

ELEVATION TOP DAM: 1401.1 STORAGE CAPACITY: 4010 acre-feet

\

SPILLWAY DATA

CREST ELEVATION: 1395
Free overfall, trapezoidal-shaped weir structure that
TYPE: discharges into a gently sloped open channel.

CREST WIDTH: 93 feet

CHANNEL LENGTH: 1800 feet

SPILLOVER LOCATION: Left abutment.

NUMBER AND TYPE OF GATES: None

OUTLET WORKS

TYPE: Two 40-inch diameter cast iron pipes encased in concrete.

LOCATION: Near right abutment.

ENTRANCE INVERTS: Approximately 1322.

EXIT INVERTS: Approximately 1317.

EMERGENCY DRAWDOWN FACILITIES: Both 40-inch diameter pipes can be
used as blowoffs.

HYDROMETECROLOGICAL GAGES

LCCATION: At dam,
. RECCRDS: Kept daily by dam tender.

‘ TYPE: _Rain and temperature gages.
|
I

'_T MAXIMUM NON-DAMAGING DISCHARGE: 1-foot over embankment (July 1977).
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APPENDIX C
HYDROLOGY AND HYDRAULICS




PREFACE

The modified HEC-1 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:

& 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), 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.

(ol 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
elevation(s) of the failure hydrograph(s) for each location.
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QY DROGRAPH PARAMETER S

LeneTH OF LONGEST WATERCoueSE = 8.1 mrg

Lea™ 4.0 mr (MEASVRED ALonG LOMGEST WATER(DUVALIE
From DAM CREsT To CenTROTO OF BASIM ) ?‘

Note | . VAaLues OF L Awmd Leca ARe MEASURED Feom THE
USGS 7.5 MTINUTE JoNAsSTowA , VINTONDALE |, AMD
Nanty Geo , PA QuADS. Al VARIABGLES ARE
DerznED Tu Rer 2 , Tn THE SECTION ECTITLED
W SOVYDER SYMNTHETIC Ownrr Hyvorsexarn .

Cy = .G SubtLzes By COE ; Zowe 7_4—]

Ce® ©O.45 Cnro KIVER BASIN ]
p 2.3

Te = SNYBER's STANDALD LAG = .6 (L¥ica )

3
oo TP = ’-é (e-‘ ¥ 4,0 J° ~ 4,54 Mes

__ _RESERVOTIR SURFACE AREAS

SorFACE AREA (SA) @ MNokmAaL Pos EL 1295.DFr = |04 Ac

NoTE 2: NodmAaL fscl SA  OATATNED Fom | FEFSET UPAN THE am
OF THE MANURACTUEES WATER Lsmearny , LorTen Cwn
Histesrord Ron, Near JoHwsTowl , CAMERTA oy | Fa
Davel Jume 21314, As Fund To PruuDER Fraes. ASimAL FooL ELEva—-
QCTATINED FraW APEVDTY F, Frovr £ S .
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Low Tor O DAm ELevAaTToA) = [401.] rr  [(Fzeuwp MEASLEED )

RATE OF SA TAREASE Pee Foor OF RESErvork Rr:z€ :

Y T

ASA 62-120)A
/ah = ¢ k/(HLD—MOo)FT = 2.1 ALjeT

SA@e EuL l4ol.l = 120AacC+ Y_Z-’AC/Fr(HvDI.IFf—/4()0:1)__\
=~ |22AC

RESERLVOTIR ELEVATIow—sroﬁAeE £ELATIO/\)<HTP

RESERNOT R STORAGE VoLumes BETWEED ELEVATTIOAS
1223 67 Anp 1401 FT (Assumens To Re l4oL1eT) ACE | 3
ORBTATNED Feom Frouvees 4 Avd & 7 AprenoIx F. .

RESEIVOTZ ST0RAGE VOLUMES For ELEVATTOANS HrIgsHEL
Taan Agour l4oLler CAn B Estmatres By Tre
MoDTEIED PLISMITIAL REWATTODSHIP @

h / ) ey |
AV, = /3 (A, + A, + JAxA; / (kEE 14, P& 15) S

WHERE AV ez = IOREMENTAL VoLumE Twnceease Lerweev ELevaTtoon. |

‘ ([ And 2 , I FT ?‘
W = ELevaTron 2- EcevATTIon |, T F7 )

A,= SA @ Erevatron | , To Ac

A,z SA @ E.evatron 2, Ty AC.

<A @ Awy ELevATIon Cav BE DeFtveEd 2y
A"_ - ,’lg - [ASA/AU '(ELE\/“'I‘O-U;. - CLevAT N

1
|

"T WHELE ALz SA @ FELevaTIyw | p I AC
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22 Ac »
/

FLeEvAaTronv T QuESTDM) To FT.

RESERNOSIR . ‘
ELEVATION AL c\/hz AL KL
[20) (AQ) , (AL-FT Ancmi:::x’;:m»; Mnf:c\»l;j£$ =
1323 } | = =
s ' i R 40
1343 : r: LA D
1353 | 2 A
1363 | = i
{273 . g
283 2. oy
1393 2 AN
o i 3240
o = 3450
§3%¢7 4 g
) 393 3 3
129 & il
| 400 4 ety
[4ol .| 22 e 4510 s
e 124 (o 4rzc
,403 126 |20 411
{4c4d 128 13C 437
i 133 35 458:
e poe EE 4430
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SHEETNO. ___ O OF

PMP CALCULATTOMNS

- ArreoxTmMATE RATOFALL TUBEx = 24 ™™w (eer 3 Fre))
(CorRESPOINDBING To A DueAaTTon OF 24
Hours Anp A AREA OF 200sa M Tu
SOOTHCEMNTRAL PENNSYLVARTA )

- DEPTA ~AREA - DuRATION Zone 27 (REF 3, Frsl)

- Stoem Wrwle Be Centecen OveEe THE 0.6 samz RAsru
WITH A DEPTH - DuraTTon RecATIRSHTI? OF

- Ved @Raock FACTOR

CENTERTVG CVER
DA ~= [0 samz

A

PERCENT OF
DURATIOAN) | INDEX RATUFALL
(FT) { ols)
e [02
'z 1z0 (REF 3 Fro2)
24 130
48 |40

CAYPIVSTMEST R BAsTO SHAPE A WELL g |

B2 TUE LEsIER Lreecz ool OF A SEVERE STofm

CMALLEL BAsto) Coreesrombrng To A
= 0,802 (From HEC)
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—

a

4

e
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TeAPEZOT DAL - SHUAPED WETR STROCTURE TRAT DISCHARGES
Turs AN Oren Channer . Fuow OveEZ Tue were Cap Be
DeFmveny By :

3/1 e
Q= CLH (2er 5, F5 5-3)

WeeRe Q= DrsceARGE Over WeTR , In (FS

L= LenvoTu OF Werz ResT = 93 er ;
4= HETL6HT OF KeseavorTl AsovE SPTULWAY CeEST

EL (335 er, Assumes Destem NEAD (W) = 6.l Fr;
C = DISCHARGE CoeFFrcrenT = 2.7 @ DESIGN

Hean (REF S, PGS 547 Awn 5-42 . BAsEr ON GEGMETEY, ﬁ

14

CsnsTosR Arrecack CHANMEL LOSSES @ DESTEN Frow :

Feom FTELD
APPRoXTMATE AfpecACH CHARMEL Lenetd = 150 Fer { iiff;tz
ArcesAncih CHAMMEL WIdTn = 120 FT Fries

LeeT StoE OF Areaacn Cranmner Is
WHTCH ExtEnd: ArLeasr (e Aé~VvE THe

CHARKE L LEAGIL . AtiumE A AVERAGE
(Feom FIELD OBSELVATTOAS AND OWNFRS FILWES)

THE LEFT KoLk Agu~mEUT

WETR & THE FuttiE

[ = 75

RLourt STOE OF AppeoAcH CHANNEL Ts

OF SPTLLWAY WHreH ExTENDS To THE Tor UF Dam ELevaTTlow,

Ta:’.&eru&,/nmr,mm HETH4T OF WINGwWALL X Maxtuvuwn

Avpisain CaammEL DEPTY . (Feom Frews seFrvATINNS AND swhEdS FTLEL)
@ fE;{,Q\JaT.Z, EL. [451.| €r (l_uw Toe o¢ Dam ) Tue
MoxT e Avpcoackl CHARNEL DEerw = Farcény DeoTH
+ Heap COVEL WErR CLEST X 2FfT4+ ciFr = 2.1 PP
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= AVERQAGE Arersacd CHANREL FLew A2er = AL

Ao= (120er = 8.l er) £7L(E’.IFTk8.irr)-}
= [b0Segrt
8) TNETIAL EstimaTe OF DIscHARGE ¢ Ec 1401] Fro:

2

3
Q:(3-7)<Q3FT)((‘,.IF,’) ~ 5/9«-) CF

[N

c) AVERAGE QAercack CHAMNEL VELscITY = X /Ae
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Vel = 'ISUL:S/lcos grt g . 2FM

~A
= AVERAGE AeeRLACH VEWCLITY HEAD = e & 2

£ 2 N

haz u-‘%2 Er
ASSoMING THAT TheE ArrroAlH CHANKEL EVTRAICE
Less & O.1 ha (E8F 4, P63719) = ©.04 pr

-2
o oz N L
3) Avekoaln (HANMEL FRI(Trom Lost = heg = [ A /’-‘*“"n f 3
WaeR€ L. = AVERAGE ArPRoALH ChAMKEL LENGTH = [SOFT ;
n MANING'S FOVGHAESS (tEFETCIENT = C.06
( ReF 1, Pelle ; ExcAVATED (HANKEL | (58RLE Rir=om

AND LARGE BRUSH AMD T€és On LEFT STRELLLPE )

R, = Hyseaulze RadTus = POV erey ppoimeER

Fiow Avgd T A ™ rc&s:r‘Ll RIGAT AePecals Wary

Ts Adsor .1 Ff7 HIoeHd = FARTIAL WEYTED

PecTmeTtex = 8.1 FT  LEFT Acsgrale ware T
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00S er?
THEQE:OLE/ RH x ! a2 /ISCY.O‘T * 7.2 er
i Ls.z;(o.a'ﬂ/ ol S
L T IS'OFTX[ (1.44) (7.2) 8. 477 er
s ToraL Areeoals CHANNEL Less & O.C4gT + 0.47fT = 0.5 F1
= ActuAlL EFFECTIVE Heas = 6.ler - 0.5l er = 5.5%er
CHECLK For SVBMERGEMCE EFFECTS

y L e
DISCHARGE w/o SuemERGENCE => Q= (37)(32¢7)(557)
Q= 4550 cFS

.. TATLWATER OO THE SPILwWAY @ Q %= 4ss0wre I
APPROXIMATELY @ EL 1237.| (SHeer D)

STCE Tue Reseevore LEVEL @ Q= 4550 crs Is APPRXIMATELY
@ Ec (4011 fr > hy % 4011 = 13301 %= 4.0FT (h = DrFFeafec
BETWEEAN RESENOTR And TATLWATER LEVEL;)

h 4-0 A~ ~
o Yie = T/ssa T 0.2
S (erecTTo To DIScHARGE CofeFrerenT =~ 1.0 (= ~°L/;
AssomInG THAT THE SuemERGENCE KELATToNSHIP R A
OGEE-SHAPED WETE I5 REPPEIEVTATIVE Fea Tuczsg

TRAPE 20T 0AL -SHAPED WETZ (KREF A4, F5 232)
L S 7=
¥ » Cs ) \/I~O 4 ("’\ = 3-7
> Srzuway Casacrry = Q = (8 (Wer)(S.S0erd +
= 4859 s
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_ _TATLWATER RATTING CURVE

Due To THE HETIGRT 0f THE SPILLWAY (ReST ABovE THeE
DTscHARGE CHANNEL (oOnLy BErweEd | Avs 2 £7), Ann To

THE AVERAGE GRADIEVT OFRTHE DISCHARGE CHANKEC (= | % )/
A BackwaTeR CORVE WAS (omPuTED To AWERTATIN THE EfFFecTS
OF TALLWATER 6N SPTLLWAY LISCLARSES. THE BALKWATER
CurvE waAs CALCOLATED VTA THE HE(-2 WATERQ SCRFACE
PROFTLE (omPuTER Peoemm*. RE(-2 ComPUTES: RalkwaTER Bv
THE STANDALD StTep MeTwod (KeEF T, P& 2'74-293), Baiep Own
CHAMNEL Crosi-SECTION TAFRMATTION) . THE SPECIFIC

Ceoss- SEcTToN DATA USED Is Grvemn ON SHEETS (1 70 12, Tt
CompPUTATIONS WELE TUTTIATED AT An ApraenT CouTroL
SELTION LocaTED AgsuT /760 Fr DowwnsTReEAm Feom THE SPTLwAY
(@ THE GO-FT Faus LocaTTon), Bv THE AssumpPTIon OF (RITICAL
DePTH. CALLULATINS THEN FeOoCEEDED UPiTEEAM Trioues A
BRIDGE AND Frnvatly To THE ToE OF THE SPILULWAY WEIR. THE
RATING TAGLE BEow (oRESPeIDS To THE HEC-2 Currutr For SECTTOM
| @ THE ToE OF THE SFriLwAY WEIR (38 Summicy IA.pn/auwur.'»ff

ELEVATION X ELEVA TTON )

(FT) CCFS) (er) (CFS)
1392.6 o) 1398 | G200
1393,7 00 [3¢3.4 6100
1295.1 (700 13%8.7 7360
1396.0 2860 1399. % 2400
1396.7 3900 14034 |4 §80
EXhN S60 1424, 5 255060
1397. 4 5000 [48&. 3 26500
[397. ¢ 5600

¥ LEC-2 WATED SVeTALE RCETIES (USER'Ss MANUALY)  UvaouioGTe Buaruesst e

/

CENTER , US ARMY (skPs OF ExCILEERS, Daves, CALTFePT: Ao, [97e.

T B T P T E T G weaprryen




T T TR S e P T o T —

5=

37

Ci

L3

lig.f'lﬂgﬂ

+

v .

i
-
- -
-

-

o
b

VA3

Py ol

i

O Millimeters to the Centimeter




r-’?'t
S S R

DT

WIFLYR

T ey

0 Millimeters to the Centimeter




2188

0 Miflimeters to the Centimeter

PO




SUBJECT DAM SAEFTY INSPECTTON) ‘ .

HINCK STOAD RLOA) DAM J '
By __ WIV  oate _ _9-7-79  ProuNo. _T8-CI7 -432D : CONSULTANTS, INC
owo.ov DTS oare __2-1:0  sweemwo 14 or I8 SNCERLPCECL

SPTLLWAY RATING CORVE

As TuE HEAD Aeove ToHE Werl RECOomMES SMAW, THE
PCOUGHNESS OF THE (REST And THE CoMTALT PRESSURE
BeTwEED TheE WATER AnD THE C2EST ExERT A LARGER
TOFLUENCE O DTISCHARGES . THAT Is, Td4e (- VALLES
DECREASE WITH DECLEASING HEAD. THE OPPOSTITE
TRend Oceurs Fold HIGHER HEADS. THEREFOKE, AssumE
THAT THE DISCRARGE (OCEFFTCTENT — HEAD RELATToRSHIP
Foe THE TRAPE2OIDAL - SHAPED wetRk (An RE REMESEVTED
By THAT Foe An OGEE - SHAPED Wexz (REF 4,7 378, Fre 250).
Tee MAXImum Head FPRICR To OVELTD FPTAG CR THE
EMBANEMENT TIs AGoor 6.1 FT , WHTICH Wrie 8 AssemenD
To RE TeiEe DESIGN HEAD (Hoj- THE DEston DIsCHARGE
CoerrcIentT (&) wrie BE Assumey To EQuar 3.7
(SnEeT 7).

ALl DTSCHARLGES OVER Tee were Aee Dertwed By
THE Q= CLH™ QeatTonSHI? As Grveo On InfeT 7.
THE Heap Oved Tre WErZ Wrue BE ADTUSTED To AcrounT
For. AreRoALH CHARNEL LossES By FPRAPRTICNING THE
ComouTED Loss OF O0.51fT €@ Ev 4011 FT. Ause,

SUBMER GENCE EFFECTS WILL RE (oNSIDERED AcofDING To
THE TAILWATER RATING TAELE O SHEET /0.

SPritway RaTING CopvE Ts GIvee On SHEET /S.
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- LENGTWY OF EMABALKME VT SUBMERGED VS KESERveT2 ELEVATIOW
(BASED O Frewns MEASL CEMEUTS )

{ RESEQVOTZ EMEARNKMENT

ELEVATION LENGTH
cer) (Er)

140 .\ ®
1401. 3 |00
j40 (. 4 120
[451.7 310

3 1451, % 30
14u1.9 AYe
[462.0 700
1402. 4 300
(402.% <52
1405.4 240

- StaeE THE EmeANEmenT CLesT Ts ExTeeEMELY EkoAD
(Mzotuem OF 3LCFT ), Frsws OvEQ Twe Cefst Wru BE
AssumED To BE OPEN-CHANNEL TYPE Flows , DEFTVED £

MANNING' S EQCATION

~
<
i3]
(4
)
A
St

Q= l.4cv/n A R.fq < 'ty

WiHERE Q= DISCRARGE CvER THE Dam EmeAMKMEST I CFS
N = MANNINGS €ewGrAESS Facreg X C.05 (Feem BvpciTecis
A= TFotaL Fuw Aega  To FTE
E &, Hyopeaoeze €asres (See Sufer 8 )/
§ = SLofE OF EmsaNkEMELT (2esT = 0.004 F7ery
.,T (Freeo I\Ed;’sn’f&)
|
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RELow :
|40, +
=
\v" |405 T
2
3
- 1404 T+
<
7
w
- 1403 =+
w
1402
1403 / R
o 100 200 p 472} 400 0 Lo 260 ) Q8o 1060
EMBRANKMENT LENGTH
| % 'Y {
CESEZNOTL | HETGHT AGvE | FLow AweA  [H7iAL T RALT W !
ELEVATION | Low EMBAUKMELT A R R i Q
CFT) LET) (etd) (FT) (LFS)
L4010, | o - - o ‘ O
[401.3 J.z 10 Ol 0.2 1 O
|401. 4 0.3 2| 0.2 0.3 ; (Ne)
|
1401.77 O+l : 98 0.3 0.4 3 70
[451.8 ey | 140 0.8 | &4 | 110
14¢1.9 2.6 i o 3 c4 | ISD
14672.0 5.4 ‘ ioc c.4 6.5 | 280
[4c2.4 [-3 | Sbe | 0.7 0.8 | §5%
l462.8 1.3 s [ N % 11 | 18l
40<. 4 4.2 SR T X 2.2 IR,

¥ A AND <n=

':. ( <€ LT ARLVE Lew Fme KM EUT, A

Py FPLFTLE AdovE)
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TOTAL FACTILITY RATIVC CORVE

TotAL DISCHACGE = QSP:LLWA\/ + QEnaAutMcuT

RESERNOTR soxt,GL)wAv | EMBANEMELT TOTAL

ELEVATION Q - Q G

(EY) Cers) (CF3) (cFs)

i35 o = o)

/1396 200 = 260

1357 750 - IS0

1398 1440 - 1440

1349 2290 = 22490

1400 3270 i 3270

140 1 4440 = 4440

LoW 136 oF

_ dAm 1401, | 4550 o) 4550
,‘ [401.3 | * 4790 o 4790
[461.4 | * 4910 10 4920

40 1.7 * 5270 70 5340

1401.9 *5390 [ 10 5500

YK * 5510 ! 150 5660

' (402 5630 | 250 5390
" l402.4% | * 6190 350 1040
] lac2. 8 * 6750 1860 aL(o
1403 030 |** 2300 9330

|404 8460 t¢ $500 13960

(40S 9400  [**10760 | 206600
|465.4 (0510 12690 | 24200

P ® Feem SneeT IS
"T @ Feom Speer 17
; 4 STEATOHNT -LIVE TATERPCLATTOAD
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Geology

Hinckston Run Dam is located about l-mile north of
the Johnstown corporate boundary in the Allegheny
Mountain section of the Appalachian Plateau Province of
west-central Pennsylvania. In this area, the Allegheny
Mountain section is characterized by gently folded
sedimentary rock strata of middle Pennsylvanian age.
Major structural axes strike from southwest to north-
east with flanking strata dipping northwest and south-
east.

Structurally, the dam and reservoir lie immed-
iately east of the axial trace of the Johnstown syncline
(see Geology Map). Consequently, bedrock at the dam
site dips gently to the northwest or normal to the
axial trace of the syncline 100 feet per mile or about
2 degrees. As the dam and reservoir lie nearly on the
Johnstown syncline, a secondary dip component to the
northeast extends along the direction of plunge.
Locally, the secondary dip component is about 80 feet
per mile or approximately 1 degree.

The sedimentary rock sequence contained in the
abutments immediately and underlying the embankment are
members of the Conemaugh Group of Pennsylvanian age.

The rocks of this group typically exhibit the rapid
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vertical and lateral lithology changes characteristic

of cyclic sedimentation. Rock types to be expected
include sandstone and shale with minor amounts of clay

and coal. Underlying the Conemaugh Group is the Allegheny
Group the top of which is indicated by the presence of

the Upper Freeport Coal. The top of the Allegheny

Group lies about 160 below the embankment. No deep

coal mining has occurred beneath the dam and reservoir,
however, the Lower Kittanning seam which occurs approxi-
mately 400 feet beneath the reservoir has been exten-

sively mined throughout the surrounding area by Bethlehem

Mines Corporation.

References

Commonwealth of Pennsylvania, Department of Environmental
Resources, Division of Mine Subsidence Regulation, Mine Map
of Cambria County, January 1975.

Lohman, Stanley W., "Ground-Water in South-Central Pennsyl-
vania," Water Resource Report No. 5, Pennsylvania Geological
Survey, Fourth Series, Harrisburg, 1938.

Phalen, W. C., "Geologic Atlas of the United States =-
Johnstown Folio," No. 174, U. S. Geologial Survey, 1911.
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APPENDIX G

REGIONAL VICINITY AND WATERSHED BOUNDARY MAPS
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WATERSHED MAP

—— LONGEST WATER COURSE ‘
'©  CENTROID OF DRAINAGE AREA




NANTY GLO, PA.

NA4022 5--W7845/7 5

1964
PHOTOREVISED 1972
AMS 5264 IV NE-SERIES ve3!

AL *,
VINTONDALE, PA.

N4022 5—-W78525/7 %

1964
PHOTOREVISED 1972
AMS 5264 IV NW_SERIES ve3)

WATER COURSE
OF DRAINAGE AREA

N4O15—wW7845/7 5

1964
PHOTOREVISED 1972
AMS 35264 IV SE-SERIES Ve3)

JOHNSTOWN, PA.

N4O15—wW78525/7 5

1964
PHOTOREVISED 1972

N AMS 5264 IV SW-SERIES V31 [
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