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PHASE I REPORT
NATIONAL DAN INSPECTION PROGRAM

NAME OF DAN : Sawmill Run Dam (Armco)
STATE LOCATED: Pennsylvania
COUNTY LOCATED: Butler
STREAM: Sawmill ~~~~~~~~~~~~~~~~~~~~ Conoquenes sing Creek
DATE OF INSPECTION

(~~~~ tember 12 and October 3, 1978) _)

ASSESSNE~~~~~Based on ~~~~evaluation of the conditions as they existed
on the dates of inspectionAand as revealed by visual observations, the
condition of Sawmill Run Dam is assessed to be good.

It Is recommended that brush and trees on the upstream and downstream
faces of the dam be removed. It is also recommended that an upstream
control be Installed on the outlet pipe, consisting of either a permanent
structure or temporary means of blocking the upstream end of the pipe ~n
the event the outlet pipe must be drained.

It is further recommended that the owner develop a formal warning system
to alert the downstream residents in the event of emergencies.

Based on the recommended criteria, the capacity of the spillway Is
classified to be adequate.

Lawrence D. Andersen, P.E.
~~~~~~~~~~~~~~~~~~ Vice President

I Lawrence D. Fn~!ers~n I ~
~ ~~~~T7J 1~t~. 1~3~E ~~~~~ -

C. K . WITHERS
Colonel , Corps of Engineers

_______________ Distr ic t  Engineer
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PHASE I REPORT
NATIONAL DAN INSPECTION PROGRAM

SAWMILL RUN DAM
(ARNCO)

NDI I.D. NO. 915
DER I.D. NO. 10—71

SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority. The inspection was performed pursuant to the
authority granted by The National Dam Inspection Act, Public Law
92—367, to the Secretary of the Army, through the Corps of Engineers,
to conduct inspections of dams throughout the United States.

b. Purpose. The purpose of this inspection was to determine if
the dam constitutes a hazard to human life or property.

1.2 DescriptIon of Project

a. Dam and Appurtenances. The dam consists of an earth embankment
approximately 540 fee t long with a maximum height of 58 feet from the
downstream toe and a crest width of 20 feet. A concrete channel located
on the right abutment (looking downstream) constitutes the primary
and emergency spillway of the dam. The spiliway structures consist of
an approach channel, a broad—crested control section, and a spillway
chute which terminates at a stilling basin at the toe of the darn. The
35—foot—wide broad—crested control section is located at a level
32 feet below the dam crest. The outlet works for the darn consist of
a 30—inch—diameter combined supply and outlet pipe and a valve and
pump house located at the downstream toe of the dam. Flow through the
outlet pipe is controlled by valves located at the pump house. The
outlet pipe discharges into the stilling basin of the spillvay. This
pipe constitutes the emergency drawdown facility for the dam.

b. Location. Sawmill Run Dam is located on Sawmill Run about
one mile upstream from its confluence with Conoquenessing Creek and
three miles southwest of Butler in Butler Township, Butler County,
Pennsylvania (Plate 1).

Below the darn, the remaining course of Sawmill Run is located within
the Butler Works of Armco Inc. The first one—half—mile reach of the
valley consists of a 2000—foot—wide slag disposal and scrap storage
area. The stream follows the right valley wall. Downstream of the
slag disposal area, the stream flows into a 3.20—foot—diameter ,
1000—foot—long corrugated metal culvert which discharges into

‘p. 1 
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Conoquenessing Creek. It is estimated that a failure of Sawmill Run
Dam would cause significant property damage and possibly loss of life,
primarily within Armco’s Butler Works.

c. Size Classification. Intermediate (based on 58—foot height).

d. Hazard Classification. High.

e. Ownership. Armco Inc. (address: Mr. Robert Clouse, Arrnco Inc.,
P.O. Box 591, Butler , Pennsylvania 16001).

f. Purpose of Dam. Industrial water supply.

g. DesiEn and Construction History. The dam was designed by
General Analytics, Inc., Consulting Engineers, of Monroeville,
Pennsylvania in 1966. The dam was constructed by Kaiser Engineers,
Inc., of Butler , Pennsylvania. The dam was completed in 1968.

h. Normal Operating Procedure. The reservoir is normally
maintained at the spiliway crest level, Elevation 1041, leaving 32 feet
of freeboard to the top of the darn at Elevation 1073. All inf low
occurring when the reservoir is at or above the spillway elevation is
discharged through the spillway . The blow—off valve for the dam is
normally closed. Armco personnel reported that currently the dam is
only occasionally used as a water supply source.

1.3 Pertinent Data

a. Drainage Area — 2.8 square miles

b. Discharge at Dam Site (c)~~~

Maximum known flood at dam site - Unknown
Outlet conduit at maximum pool — Unknown
Gated spillway capacity at maximum pool elevation — N/A
Ungated spillway capacity at maximum pool elevation — 16,000

at Elevation 1073
Total spillway capacity at maximum pool elevation — 16,000 at

Elevation 1073

c. Elevation (USGS Datum) (feet)

Top of dam — 1073
Maximum pool — 1073 (top of dam)
Normal pool — 1041 (spillway crest)
Upstream invert outlet works — N/A
Downstream invert outlet works - N/A
Streambed at center line of dam — 1002
Maximum tailwater — Unknown
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d. Reservoir Length (feet)

Normal pool — 1700
Maximum pooi — 4000±

e. Storage (acre—feet)

Normal pool — 144
Maximum pool — 727 (top of dam)

f. Reservoir Surface (acres)

Normal pool — 10
Maximum pool — 21±

g. Dam

Type — Earth
Length — 540 feet
Height — 58 feet
Top width — 20 feet
Side slopes — 2H:1V (downstream); 2.5ThlV (upstream)
Zoning — Yes
Impervious core — Yes
Cutoff — No
Grout curtain — No

h. Diversion and Regulating Tunnel

Type — 30—inch—diameter cast iron
Length — 310 feet
Closure — Valve (downstream end)
Access — Valves at valve house near toe of dam
Regulating facilities — Valve

i. Spillway

Type — Broad—crested overflow section with chute channel
Length of weir — 35 feet
Crest elevation — 1041
Gates — N/A
Upstream channel — Lake and approaching channel
Downstream channel — 35—foot rectangular concrete discharge
channel with stilling basin

3 
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SECTION 2
ENGINEERING DATA

2.1 Design

a. Data Available

(1) Hydrology and Hydraulics. The available data are included
in the engineer’s report: Melt Shop Site Development, Subsurface
Investigation and Design, Sawmill Run Water Supply Dam, Armco Steel
Corporation, Butler, Pennsylvania, prepated by General Analytics, Inc.,
Consulting Engineers , Monroeville, Pennsylvania, August 1967. The
report states the criteria used for the design of the spiliway.

(2) Embankment. The embankment design was based on the engineer’s
report and technical specifications prepared by the consulting engineer.
The design report includes the description of the subsurface investiga-
tion, the results of classifica tion and compaction tests, and settle-
ment and seepage analyses. Boring logs were included in the design
drawings .

(3) Appurtenant Structures. The available information consists
of design drawings.

b. Design Features

(1) Embankment

a. As designed , the darn is a zoned embankment
consisting of a large impervious fill with a
rock—fill section forming the downstream slope.
A 10—foot—wide filter zone is located between
the impervious fill and the downstream rock—
fill section. The rock—fill section extends to
the top of foundation rock through a trench
excavated at the downstream toe of the dam. As
designed, the dam was supposed to be constructed
in two stages. As it exists, the dam was built
to the Stage II level with its cres t at
Elevation 1073 (Plate 2).

b. The dam was designed to have a 2 to 1 (horizon-
tal to vertical) slope on the downstream face
and a 2—1/2 to 1 slope on the upstream face.

c. The subsurface investigation conducted for the
dam consisted of 14 borings and 7 test pits.
The locations of the borings are shown on
Plate 3. Boring logs are illustrated in Plate 4.

4
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The typical subsurface profile (Plate 5) con-
sists of 5 to 15 feet of residual clayey silts
on the valley sides and about 15 fee t of
medium dense silty sand and gravel at the
valley floor. The rock beneath the site
includes sandstone, claystone, siltstone, shale,
and coal. The Upper and Lower Freeport coal
seams were encountered at 10 and 30 feet below
the Stage II crest level of the darn. In the
valley bottom, top of rock was encountered at
approximately Elevation 995, wIth the upper 3
to 15 feet being weathered and impermeable.
In this zone, permeability of the rock was
reported to be 10—3 cm/sec. Massive
sandstone was found at Elevation 980, approxi-
mately 30 fee t below the original ground
surface. 

-

d. The engineer’s report indicates that the
impervious fill section of the dam would
consist of residual soils and weathered rock.
The silty sand and gravels encountered at the
dam site were found to be an acceptable f ilter
material.

c. Appurtenant Structures. The appurtenant structures of the
dam consist of a chute spillway on the right abutment and outlet works.
The spillway is comprised of a trapezoidal, riprap—lined approach
channel and a 35—foot—wide rectangular concrete channel which starts
in line with the axis of the darn and terminates in a concrete stilling
basin at the toe level of the dam. Plate 6 illustrates the plan and
profile of the spillway. The profile of the spillway discharge channel
is such that it essentially forms a broad—crested hydraulic control
section. The cantilever walls of the rectangular concrete channel have
a maximum height of 10 feet. The slab sections are underlain by sand
and gravel and anchored to the rock. The stilling basin is a concrete
box structure 20 feet long, 35 feet wide, and 20 feet deep. Flow into
the basin is discharged to a side apron at a right angle to the spillway
axis.

The outlet works are located at the middle of the embankment and
consist of a submerged concrete intake structure at the upstream toe of
the dam, a 30—inch cast—iron pipe through the embankment, and a
downstream valve chamber. The outlet pipe discharges into the stilling
basin of the spillway. Plate 7 illustrates the details of the outlet
works. The intake structure is equipped with a trash screen. The 30—
inch pipe is 310 feet long and is encased in concrete. There are seven
concrete seepage collars along this length. The flow through the pipe
is controlled by valves located at the valve chamber at the downstream
toe of the dam. Therefore, the pipe is under pressure at all times.
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d. Design Data

(1) Hydrology and Hydraulics. The 1967 engineer ’s report
indicates that the spillway was designed for a discharge capacity of
3300 cubic feet per second (cfs) in conformance with the state require-
ments applicable at the time of design.

(2) Embankment. The stability calculations for the embankment
are included with the design drawings (Plates 8, 9 and 10) . The sta-
bility analysis of the dam included the stability of the downstream
slope under steady—state seepage, the upstream slope, rapid drawdown
condition, and horizontal sliding of the embankment. The minimum com-
puted factor of safety was 1.67 for the stability of the downstream
slope under steady seepage condition. The analysis was based on
assumed angles of internal fr iction of 40 degrees for the rock f ill ,
35 degrees for the silty sand foundation material and f ilter material,
and 30 degrees for compac ted impervious f ill with 500 pounds per square
foot cohesion . The unit weights of the materials were taken as 145
pound s per cubic foot (pef) for rock—fill foundation material and 137
pcf for impervious fill.

(3) Appurtenant Structures. There are no design calculations
available for the appurtenant structures.

2 .2  Construction. Construction drawings and specifications prepared
by General Analytics , Inc., were available for review. To the extent
that can be determined , the construction of the dam was apparently con-
ducted in conformance with the specifications. No reference was found
to indicate that any unusual problems were encountered during the con-
struction of the dam. The dam was constructed under the supervision
of the consulting engineer ’s representative. The earth work was
monitored by field density tests, and it is reported that the results
were satisfactory. The field tests also included classification,
permeability , and direct shear tests. It is reported that the results
showed good agreement with the corresponding soil parameters used in
stability and seepage analyses.

2.3 Operation. There are no formal operating procedures for the dam .
The spillway of the impoundment is uncontrolled and has no operational
features. The blow—off valve for the darn is normally closed.

2.4 Other Investigations. The available information indicated no
other investigations other than the reports of periodic inspections
conducted by the state .

2.5 Evaluation

a. Availability . Available engineering data were provided by
PennDER and GAl Consultants (formerly General Analytics , Consulting
Engineers).
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b. Adequacy

(1) Hydrology and Hydraulics. The available information is
limited to providing the design capacity of the spillway . It is not
considered to be adequate to assess the conformity of the analysis to
the current spillway design criteria.

(2) Embankment. Review of the geotechnical aspects of the
design indicates that although the design generally foll owed currently
accepted practice for subsurface investigation, the stability analyses
were apparently based on assumed soil strength values rather than
actual strength values obtained from laboratory test results.
However , it is reported that additional laboratory testing was con-
ducted during construction of the dam, and the results of these tests
showed good agreement with the corresponding soil parameters used in
the stability and seepage analyses.

(3) Appurtenant Structures. Review of the design drawings
indicates that, as designed , there are no significant design deficien-
cies that should affect the overall performance of the appurtenant
structures. However, installation of an upstream control on the
outlet pipe is considered to be advisable in the event it is necessary
to drain the outlet pipe .

c. Operating Records. No formal operating records are available
for the dam .

d. Post—Construction Changes. There are no reported post—
construction changes.

e. Seismic Stability. The dam is located in Seismic Zone 1 and
based on the visual observations, the static stability of the darn is
considered to be adequate . Therefore , according to the recommended
criteria for the evaluation of seismic stability of dams, the structure
is presumed to present no hazard from earthquakes

.7



SECTION 3
VISUAL INSPECTION

3.1 Findings

a. General. The on-site inspe~tion of Sawmill Run Dam consisted
of:

1. Visual inspection of the embankment, abutments,
and embankment toe.

2. Visual examination of the spiliway and its
components and other appurtenant features.

3. Observation of factors affecting the runoff
potential of the drainage basin.

4. Evaluation of downstream hazard potential.

The specific observations are illustrated in Plate 11 and in the
photographs in Appendix C.

b. Embankment. The general inspection of the embankment consisted
of searching for indications of structural distress, such as cracks ,
subsidence, bulging, wet areas, seeps and boils, and observing general
maintenance conditions, veget. ive cover, erosion, and other surf icial
features.

Both upstream and downstream faces of the dam were observed to be
covered with brush and trees up to 10 feet high. This condition
precluded close inspection of the embankment. To the extent that is
visible, no signs of distress or seepage were found on the embankment
or immediate area below the toe. A swampy area was observed on the
left abutment approximately 200 feet downstream from the dam located
between the valley wall and the ash disposal area haul road. Standing
water is visible, but no flow was observed. It appeared that the
probable source was surface runoff trapped due to surface grading for
the slag disposal area.

c. Appurtenant Structures. The spiliway structures, spillway
cres ts, channels, and stilling basin were examined for deterioration
or other signs of distress and obstructions that would limit flow.

In general, the structures were found to be in good condition. As
indicated by the presence of fallen rocks in the spillway channel, the
rock cut on the right side of the spillway channel po~es a potential
for partial blockage of the spil].way in the event of a significant
slide.

The blow—off valve was operated and observed to be functional.

8
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d. Reservoir Area. While the slopes adjacent to the reservoir
are covered with woodlands, most of the watershed is suburban resi-
dential area. Preston Dam, which is 17 feet high and impounds 12 acre—
feet of water, is located about two miles upstream from Sawmill Run Dam.

Review of regional geology (Appendix E) indicates that the shorelines
are not likely to be susceptible to massive landslides which would
affect  the storage volume of the reservoir or cause overtopping of the
dam by displaced water .

e. Downstream Channel. The remaining course of Sawmill Run is
located within the boundaries of the Butler Works of Armco Inc. The
stream initially flows through an open channel , then it is confined to
a 1000—foot—long, 12-foot—diameter, corrugated metal culvert which
discharges into Conoquenessing Creek about 3000 feet downstream from
the dam.

3.2 Evaluation. In general, the condition of the dam is considered
to be good . Removal of brush from the upstream and downstream faces
of the dam is required to permit closer inspection of these areas.
The rock cut along the spillway channel should be observed frequently
and remedial measures taken to prevent rock slides that may partially
block the spillway channel.

9
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SECTION 4
OPERATIONAL FEATURES

4.1 Procedure. Armco personnel reported that there are no formal
operating procedures for the dam . Supply water is only occasionally
taken from the reservoir. The only operational feature of the dam
which may af fec t  the safety is the outlet pipe valve if it is required
to lower the reservoir.

Clearing of debris from the spillway as required and continued inspec-
tion of the facilities are the principal maintenance operations which
would af fec t  safety.

4.2 Maintenance of the Dam. The general maintenance condition of the
darn is considered to be poor. Both upstream and downstream faces of
the dam are covered with brush and trees up to 10 feet high.

4.3 Maintenance of Operating Facilities. The maintenace condition of
the operating facilities is considered to be good . The blow—off valve
was operated and observed to be functional .

4.4 Warning System. No formal warning system exists for the dam. The
dam is maintained by Armco personnel. Communication facilities are
available at the site.

4.5 Evaluation. The overall maintenance condition of the dam is
considered to be fair. Brush and trees on the upstream and downstream
faces of the dam should be removed to permit closer inspection of these
areas . The condition of the operating facilities is considered to be
good.

10 
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SECTION 5
HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features

a. Design Data. Sawmill Run Dam has a watershed area of 2.8
square miles and impounds a reservoir with a surface area of 10 acres
at normal pool level. A chute spillway located on the right abutment
is the only flood discharge facility for the reservoir. As previously
mentioned, the dam was intended to be constructed in two phases. The
present spillvay was associated with Phase I construction and was
designed to pass 3300 cfs with pool level at Elevation 1049.5, leaving
3.5 feet of freeboard to the Phase I crest level. However, while the
embankment was completed to Phase II elevation (1073) , the spillway was
not modified. Therefore, as it exists, the spiliway can pass the
design flow of 3300 cfs with a freeboard of 23—1/2 feet.

b. Experience Data. Sawmill Run Dam is classified to be an
intermediate size dam in the significant hazard category. According to
the recommended criteria for evaluating emergency spillway capacity,
such impoundments are required to pass one—half to full PKF.

The adequacy of the spillway was analyzed based on the simplified
procedure developed by the Baltimore District, Corps of Engineers.
Based on this procedure, it was determined that the PMF inflow hydro—
graph will have a peak flow of 5200 cfs and a total volume of approx-
imately 3900 acre—feet (Appendix D). Further analysis according to
the procedure indicated that, using the design capacity of the con-
crete spiliway channel alone, the spillway can pass 56 percent of
PNF. When flow above the spillvay channel lining is considered,
the spillway can pass full PMF with a freeboard of about 19 feet.

c. Visual Observations. On the dates of inspection, no conditions
were observed that would indicate that the spiliway of the dam could not
operate satisfactorily in the event of a flood. As previously stated,
the rock cut along the spillvay channel is considered to pose a
potential for partial blockage of the spiliway in the event of a sig-
nificant slide. However, with periodic observation and remedial action,
this threat can be significantly reduced.

d. Overtopping Potential. The dam can pass full PMP with a
freeboard of about 19 feet.

e. Spillway Adequacy . The spillway can pass the recommended
design flood. Therefore, it is classified to be adequate.

11
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. As discussed in Section 3, the field
observations did not reveal any signs of distress that would signif I—
cantly affec t the stability of the dam, and none were reported in the
past.

The structural performance of the spillvay structures is considered
to be adequate. The structural condition of the drainpipe could not
be assessed.

b. Design and Construction Data

(1) Embankment. The design engineer’s report indicates that the
stability of the embankment was analyzed for steady—state seepage,
rapid drawdown, and horizontal sliding conditions. The minimum factor
of safety was reported to be 1.67 for the steady—state seepage stability
of the downstream slope. It appears that the stability analyses were
based on assumed strength parameters. However, it is reported that
additional direct shear tests were conducted during the construction of
the dam and the results showed good agreement with the corresponding
soil parameters used in the stability analyses. It is also reported
that the earthwork was monitored by field density tests and the results
were satisfactory.

(2) ~ppurtenant Structures. The review of the design drawings
indicates that there are no apparent structural deficiencies that would
significantly affect the performance of the appurtenant structures.
However , installation of an upstream control on the outlet pipe is
considered to be advisable in the event it is necessary to drain the
outlet pipe.

c. Operating Records. The structural stability of the dam is
not considered to be affected by the operational features of the dam.

d. Post—Construction Chang.~~~ There have been no reported
modifications to the original design that would affect the structural
stability of the dam.

12 
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS/REMEDIAL MEASURES

7.1 Dam Assessment

a. Assessment. The visual observations and review of available
information indicate that the Sawmill Run Dam is in good condition.
The field observations did not reveal any significant signs of distress
at this time and none were reported in the past. A swampy area
observed downstream from the dam on the left abutment was attributed to
surface runoff.

The capacity of the spillway was found to be adequate.

b. Adequacy of Information. The available information in
conjunction with visual observations and the previous experience of the
inspectors are considered to be sufficient to make a reasonable assess—
ment of the condition of the dam.

c. Urgency. The recommendations listed below should be implemented
as soon as practicable or on a continuing basis.

d. Necessity for Further Investigation. The condition of the dam
is not considered to require further investigation at this time.

7.2 Recommendations/Remedial Measures

1. Brush and trees should be removed from the
upstream and downstream faces of the dam.

2. The steep rock cut along the spiliway channel
should be observed frequently and necessary
remedial measures taken to prevent major rock
slides that may partially block the spillvay
channel.

3. It is also recommended that an upstream control
be installed on the outlet pipe, consisting of
either a permanent structure or temporary means
of blocking the upstream end of the pipe in the
event it is necessary to drain the outlet pipe.

4. The owner should provide around-the—clock sur-
veillance during periods of unusually heavy
runoff and develop a formal warning system to
alert the downstream residents in the event of
emergencies .

5. It is recommended that the owner be advised that
the dam and the appurtenant structures should be
inspected regularly and be properly maintained.

13
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NA~~ OF DA}~ Sawmill Run

ID!) NDI 915, DER 10—71

CHECKLIST
HYDROLO GIC A}D HYDRAULIC

ENGINEERI NG DATA

DRAINAGE AREA CHARACTERISTICS : Wooded and residential. 2.8 square mi1~s

ELEVATION ; TOP NOR.’MAL POOL A~~D STORAGE CAPACITY : 144 acre—feet at El. 1041

ELEVAT ION ; TOP FLOOD CONTROL POOL AI~’D STORAGE CAPACITY: Same as above

ELEVATION ; MAXIMUM DESIGN POOL: El. 1073 (top of dam)

ELEVATION ; TOP DAM : El. 1073

CREST : (Spilivay)
a. Elevation 1041 -

b . Type Broad—crested weir

c. Width 35 feet

d. Length l50-~ feet
e. Location Spillover Between embanlQnent and spillway channel

f. Number and Type of Gates_ None
OUTLET WORKS :

a. Type 30—inch cast—iron pipe

b. Location Middle of dam

c. Entrance Inverts El. 1017±

d. Exit Inverts El. 1013+

a. Emergency Draindown Facilities 30—inch drainpipe

HYDROMETEOROLOGICAL GAGES:

a. Type None

b. Location None

c. Records None

MAXIMUM NONDA.MAGING DISCHARGE: 3300 cf a (design spiliway capacity)

Page 1 of 1
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LIST OF PHOTOGRAPHS
SAWMILL RUN DAN
NDI I.D. NO. 915

SEPTEMBER 12 , 1978

PHOTOGRAPH NO. DESCRIPTION

1 Crest (looking west).

2 Spiliway approach channel.

3 Spillway side channel.

4 Spillway chute.

5 Stilling basin.

6 Valve and pump house at the toe of
the dam.

7 Blow—off valve control.

8 Blow—off pipe discharging.
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Photograph No. 5

Stilling basin.

Photograph No. 6

Val ve an d pump house a t  the toe of t i c  Win .  
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Pho tograph  No. 7

Iflow—off valve control.
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Pi iologr . tp i i  No.  8

Blow— oil p i pe discharging.
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APPENDIX E
REGIONAL GEOLOGY

The Sawmill Run Dam near Butler is located on the boundary of strata of
the Allegheny Group and the overlying strata of the Coneutaugh Group.
The dam is located vest of the Bradys Bend Syncline and is near the
crest of the Millerstown—Brush Creek Syncline, although the strata are
near horizontal in the region and the syncline is difficult to define.
In the vicinity of the darn, the rock strata dip gently to the vest—
northwest.

A two—foot—thick coal seam, probably the Upper Freeport seam, crops
near the base of the valley slopes. The rock below the coal seam and
the dam consist of hard massive gray sandstone interbedded with thin
seams of shale and claystone. The strata in the slopes above the dam
and reservoir consist of interbedded relatively thin seams of shale,
claystone, sandstone and several thin coal seams. The slopes are
relatively steep and rock falls and small slides may be expected
considering the low resistance to weathering of the strata around the
existing slopes

The dam and reservoir have not been undermined . The coal seams that
exist are not minable under present conditions due to their thickness
and high impurity content .
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