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Dam:
t PINE GROVE DAN OI~1PJBU AYAHB! C

01st. AVAIL and/,r 3 tCIAL

• State & State Number: PENNSYLVANIA — 15—281

County Located: CHESTER & LANCASTER ~~~

Stream: OCTORARO CREEK —

~
Date of Inspection: July 13, 1978\.. _ ..j ~5

Based on a visual inspection, past performance and available engineering
data, the darn and its appurtenances appear to be in very good condition .

The spiliway capacity and available reservoir storage are sufficient to

t pass the Probable Maximum Flood (PMF), as~~~~~~ed in the Corps of Engineers
guidelines, without overtopping the daIn.( j J  i. , 

. - ~~~~~- 

~

The following recommendations are presented for áction by the owner :

1. That the seepage condition continue to be monitored on the
schedule as now in effect. If changes in flow or if turbidity
is noted 1, an engineering evaluation should be made immediately ,
and if conditions dictate, remedial action should be taken.

• 2. That the outlet channel from the outlet structure be extended
to meet the natural stream.

3. That the control valve in the outlet structure be operated at
least once each year to insure drawdown capability in case of
an emergency.

4. That a formal surveillance and downstream warning system be
developed to be used during periods of high precipitation.

SUBMITTED BY: APPROVED BY:

BERGER ASSOCIATES, INC.
HARRISBURG , PENNSYLVAN IA .

/ T
DATE: August 25, 1978 OlIN H. K NWORTHY

LTC, Corp of Engi e rs
Ac ting District Engi eer
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SECTION 1 — PROJECT INFOR NA TION

1.1 GENERAL

A. Au tho r i t y

The Dam Inspection Act , Public Law 92—367 , authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a
program of inspections of dams throughout the United States. The Phase
I inspection and Report is limited to a review of available data, a
visual inspection of the dam site and the basic calculations to deter-
mine the hydraulic adequacy of the spillway•

& L _ _ _ _

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

1.2 DESCRIPTION OF PROJECT

A. Dam and Appurtenances

Pine Grove dam is located on Octoraro Creek about 3 miles east
of the town of Oxford , Pa. The dam impounds 2.5 billion gallons (7,660
acre—feet) of water at the normal pooi elevation of 280, and is a primary
source of water for the Chester Water Authority, which serves the City
of Chester, Pennsylvania. Chester Water Authority ’s 45 ingd Octoraro
Treatment Plant and Pumping Station is located a short d ~tance down-
stream of the dam. The drainage area upstream of the d .~ is 131 square
miles. The reservoir covers 669 acres, or slightly more than one square
mile, at the normal pooi elevation of 280. Octoraro Creek discharges
into the Susquehanna River about 12 miles downstream of the dam.

The dam is a 630—foot—long earth and rockf ill structure with a
maximum height of 6 feet above streambed , and was built in the late
1940’s. The downstream slope of the dam is 411 to 1V and the upstream
slope is 311 to lV below elevation 285 and 2.5H to 1V above elevation
285. A steel sheet pile cutoff wall was driven through the foundation
overburden to rock for most of the length of the dam. A typical dam
section is shown in Append ix D, Plate IX.

The spiliway for the dam consists of an uncontrolled concrete
ogee 71.5 feet long and a gate structure with 2 Tainter gates, each 44
feet wide by 30 feet high.

* — 3 —
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B. Location: Little Britain Township, Lancaster County
and Lower Oxford Township, Chester County
U.S. Quadrangle, Kirkwood , Pennsylvania
Latitude 39°47.9’, Longitude 76°02.6’
(Appendix D , P lates I & II)

C. Size Classification: Intermediate (65 feet high)

D. Hazard Classification: Significant (See Section 3.l.E)

E. Ownership: Chester Water Authority
Fifth & Welsh Streets
Chester , Pennsylvania 19016

F. Purpose of Dam: Water Supply

C. Design and Construction History

The project was designed by Aibright & Friel, Inc . of Phila-
delphia, Pennsylvania, and a permit was issued on August 13, 1947 for
its construction. The contract for construction of the dam was awarded
to George H. Brewster and Son, Inc., Bogota, New Jersey and the contract
for the construction and installation of the Tainter gates was awarded
to the American Bridge Company of Philadelphia, Pennsylvania. Construc-
tion was begun in the spring of 1948 and completed by the end of 1949.

The construction was under the control of the design engineer.
A resident engineer was on the project. PennDER memorandums indicate
good control of the project during construction .

H. Normal Operating Procedures

The dam has been constructed and is used for domestic water
supply for the City of Chester, Pennsylvania. Water is supplied to the
treatment plant just downstream from the dam through a system of four
36—inch intake sluice gates and 54 and 42—inch outlet pipes. An uncon-
trolled concrete ogee spillway and two 30—foot high Tainter gates control
the water level in the reservoir. The operation schedule requires
raising the Tainter gates when the flow over the spiliway crest is 30
inches. The Tainter gates are operated by electric motors. In the
event of power failure, there is a standby propane backup generator and
if necessary, the gates can be operated manually . One 54—inch gate and
discharge pipe is also available as a blowoff.

1.3 P ERT INENT DATA

A. Drainage Area (square miles)

- Computed for this report 131
(Original design used 139.6)
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B. Discharge 
- 

t Dam Site (cubic f eet per second)
See Append ix B for hydraulic calculations .

Maximum known flood , August 1942, estimated on
basis of record for USGS gaging station at
Rising Sun, Md . 25,000

Maximum flood since construction of dam,
June 23, 1972 17,100

Warm water outlet at pool Elev. 276 110

Outlet works low—pool outlet at pool Elev. 246 45

Outlet works at poo1 level Elev.280 (sp illway crest) 140

Spillway capacity, gates open, pool Elev. 300
(top of dam) 107,300

Spillway capacity, gates closed , pool Elev.300
(top of dam) 55,100

C. Elevation (feet above mean sea level)

Top of dam 300

Spillway crest 280

Sill of Tainter Gates 250

Top of Tainter Gates 280.17

Upstream portal invert of outlet pipe 241

Downstream portal invert of outlet pipe 240.74

Streambed at centerline of dam 238

Maximum tailwater about 250

D. Reservoir (miles)

Length of maximum pool 6.5

Length of normal pool 3.9
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E. Storage (acre—feet)

Spiliway crest (Elev. 280) 7,660

Top of dam (Elev. 300) 27,800

F. Reservoir Surface (acres)

Top of dam (Elev. 300) 1,400

Spiliway crest (Elev . 280) 669

G. Dam

The design drawings indicate an embankment with a crest width
of 20 feet and a top elevation of 300.0 feet. The upstream and downstream
slopes are 2.5H to 1V from the top of the embankment, elevation 300 to
elevation 285 then 311 to 1V to the bottom of the slope. The entire
upstream slope is protected with 3 feet of dumped rock over an 18—inch
gravel bedding . The downstream slope is composed of dumped rock fill
and at present has a grass cover. The main portion of the embankment is
constructed of impervious fill. Refer to Appendix D, Plate IX for
typical section.

H. Outlet Facilities

The intake tower is a portion of the right wall of the approach
channel to the Tainter gates. It is fitted with four 3 feet by 5 feet
sluice gates which take water directly from the approach channel. Their
invert elevations are: 241, 251, 261 and 27L A gate valve, with
invert at elevation 241, releases water from the intake tower to a 54—
inch cast iron pipe which passes under the dam embankment. The 54—inch
outlet pipe is 260 feet long and terminates in a 30—inch gate valve
which releases the water to Octoraro Creek via a short ditch and Tweed

• Creek.

Water is delivered to the treatment plant by means of two 42—
inch cast iron pipes which leave the 54—inch pipe about 40 feet upstream
from its end .

The 30—inch waste valve on a 54—inc h by 30— inch reducer has
not been opened in about 9 years. Management feels it is not needed
since the Tainter gates can draw the pool down to elevation 250 — only
eleven feet above the invert of the outlet pipe.

I. Spillway

Type: An uncontrolled standard—type ogee weir
• and two Tainter gates.

— 6 —
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Length: The weir has a length of 71.5 feet.
Each Tainter gate is 44 feet wide.

Crest elevation:

Weir 280

Top of each Tainter gate 280.17

Sill of each Tainter gate 250

Upstream channel: The two Tainter gates and the ungated
spillway all receive water from a channel about 170 feet long
by 97 feet wide and about 32 feet deep at normal pool stages.
The channel is excavated in rock and is unpaved .

Downstream channels:

Weir: The chute downstream from the weir is excavated in
rock and is very rough. It is about 300 feet long and
about 110 feet wide. There appears to be no energy
dissipation problem since the Tainter gates take the
larger portion of flood waters.

Tainter gates: The chute downstream from the two Tainter
gates is lined with concrete. It is about 120 feet long
and 105 feet wide. It terminates in an unlined stilling
pool raeasuring 200 feet by 200 feet by about 10 feet
deep . The stilling pool is not very eif~ctive and the
bank on the opposite side of the receiving creek is
extensively eroded .

J. Regulating Outlets

The available flow is taken by pipe for domestic use in Chester ,
Pennsylvania.

— 7 —
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SECTION 2 — ENGINEERING DATA

2.1 DESIGN

A. Data Available

1. Hydrology and Hydraulics

A 1947 design report submitted to the Commonwealth by
Albright and Friel, Inc. summarized hydrologic and hydraulic calcu-
lations in support of the design. The report includes a mass diagram ,
flow duration curve, reservoir area and capacity curve and spillway
discharge and capacity curves. This report is in the PennDER files .

2. Embankment

The data available on the embankment is contained in
correspondence referencing the material being used during the construc-
tion of the dam. There are no design calculations relative to slope
stability.

3. Appurtenant Structures

The data available for review regarding the spillway ,
Tainter gates, intake and outlet structures are limited to the design
drawings in the PennDER files.

B. Design Features

1. Embankment

The dam embankment is composed of two zones of materials :
1) The center and upstream portion is rolled impervious f i l l , 2 ) The
downstream portion is composed of dumped rockfill . A two—foot thick run
of bank stones f i l ler  is located between the two zones and extend s along
the foundation of the embankment to the rock toe on the downstream side.
Sheet piling was driven through the natural overburden to refusal and
extends up into the embankment as a cutoff. Refer to Appendix D, Plate
IX for typical design section.

The upstream and downstream embankment slopes vary with
2.5 11 to 1V above elevation 235 and 3H to lV below elevation 285.

The upstream slope cover consists of 3 feet of dumped
riprap over an 18—inch gravel bedding. The downstream slope cover, in
the design drawings, was the exposed dumped rock fill (this slope
actually has a vegetation cover at the present time).

* — 8 —
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T h e  top of dam is elevation 300 which is 65 feet  above
the original streanibed .

2. Appurtenant Structures

a. Intake Tower

This structure is a reinforced concrete housing
about 80 feet upstream from the centerline of the dam adjacent to the
right wall of the spillway approach channel. Four ports or openings are
provided in the side of this structure. The inverts of these openings
are at elevation 241, 251, 261 and 271. A 54—inch cast—iron supply line
leads from the tower to the toe of the embankment where it is reduced to
a 42—inch pipe which leads to the downstream filter plant. The controls
for the intake are mounted on the top of the structure and are exposed .
A 54—inch sluice gate controls the flow into the supply line. An emer-
gency outlet is provided through a valve box where the 54—inch pipe
reduces to the 42—inch supply line. This box has a short outlet channel
and does not outlet entirely to the natural stream. Refer to Appendix
D, Plate VII, for plan view and pipe layout.

A concrete ramp provides access to the intake tower
from the breast of the dam.

• b. Spillway

The spillway for this dam Consists of t~e spiliway
approach channel, an uncontrolled concrete ogee spiliway, and two mechani-
cally operated Tainter gates.

The approach channel is excavated in rock. The
uncontrolled sp illway is 71—feet 6—inches in length . The two Tainter
gates are 44 fee t  wide each and have a hei ght of 30 feet . The gates are
operated by electr ic motors.  A standby backu p generator is available in
the gate cOntrol house for emergenc y use. The gates can be operated

• manually if needed .

The spiliway crest is at elevation 280. Refe r to
Appendix D, Plates lIT , IV , V , VII, X and XI for photographs and design
drawings of these features.

C. Design Data

1. Hydrology and Hydraulics

The hydrologic and hydraulic analysis available from
PennDER for Octoraro Dam was reasonably complete. The original spillway
design flood (inflow) - was 60,000 cfs. This was calculated as 250 percent

* 
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of the August 1942 flood as recorded at the USGS gaging station at
Rising Sun , Mary land , and a f t e r  ad jus tment  for  the d i f f e r e n c e  in drain-
age area. It was also calculated to b~ equal to 5,000 times the squar e
root of the drainage area. The original design provided for the two
Tainter gates and an uncontrolled weir 150 feet long. Construction
problems necessitated the later reiuction of the length of the weir to
the present length of 71.5 feet.

2. Embankment

There are no design calculations or c r i te r ia  in the
PennDER f i les .  Referenc e is mad e in the PennDER correspondence to the
designer regarding the need for  tes t ing of the borrow soil materials .
The correspondence l ists tests  for :  “Angle of internal  f r i c t i on, co-
hesion, coefficient of permeability, plastic limit , liquid limit ,
shrinkage limit and grain sizing”. Correspondence discussing the results
of some of the tests , between PennDER and the design engineer are in the
file. It is doubtful that the result of these tests could have been
used in the design since the date of request for test information was
May, 1949, and the construction was begun in the spring of 1948 and

• completed prior to December 14, 1949.

Test boring and test pit information is available in the
files. Refer to Append ix D, Plate VIII, for test boring sections and
information.

A 1976 inspection report prepared by Justin and Courtney ,
Inc . contains considerable information regarding the capacity and struct-
ural stability of the darn. A copy of this report was obtained from the
owner.

3. Appurtenant Structures

The design information relative to the uncontrolled
spiliway , the Tainter gates and the intake structure are limited to the
hydraulic phase of the design. Structural information is obtained from
the plans but no calculations are available for review in the files.

2.2 CONSTRUCTION

Construction inspection reports by PeunDER are in the file from
March 31, 1949 through September 30, 1949. These data include progress
information and the s tatus of each major division of work. The r~ p~ r ts
indicate that the embankment was constructed under proper control -~ind
good workmanship was exercised .

Although there is no record of the exact starting or completion
date , the available imformation indicates that the project began in the

~pring of 1948 and completed in the fall of 1949.

— 1 0 —



2.3 OPERATION

The operation of this facility is concerned primarily wi th the
supply of water to the treatment plant just downstream from the dam .
Information pertinent to the dam indicates that the Tainter gates are
put into operation when the depth of discharge over the uncontrolled
spillway reaches 30 inches. Other records relate to the level of with-
drawal through the intake tower and the volume withdrawn. These records
are available at the treatment plant.

2.4 EVALUATION

A. Availability

A complete set of design drawings are available in the PennDER
files. These data contain details of the project structural units as
well as pert inent  information regarding hydrology and hydraulics. A
1976 inspection report prepared by Justin and Courtney , Inc. includes
recent test boring information, laboratory soil test data, and slope
stability studies.

B. Adequacy

1. Hydrology and Hydraulics

The hydrologic and hydraulic information available in the
PenaDER files is reasonably complete. The available data are sufficient
to make an assessment of the capacity of this facility.

2. Embankment

The design drawings, together with the 1976 inspection
report are sufficient for making a judgment on the condition and stab-
ility of the embankment.

3. Appurtenant Structures

The design drawings are the only available file infor-
mation regarding the spillway, Tainter gates and the intake and outlet
structure. These data combined with the hydraulic information permit a
reasonable assessment of their capacity.

C. Operating Records

The construction and operating records in the PennDER files
indicate considerable concern over the persistent seepage problem at the
downstream toe of the embankment.

1
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The storm of record since the dam was completed in 1949 was
the 1972 tropical storm Agnes. At this time, the owner ’s representative
indicated the discharge over the uncontrolled spiliway crest was 58
inches. The Tainter gates were both opened 6 feet during this event.

The post construction period regarding the seepage is recorded
in a considerable number of reports which tabulate the readings over a
“V” notch weir located beyond the downstream toe. The daily read ings
were discontinued in March 1954 when PennDER, together with the owners
engineering consultant were satisfied that the seepage flow was stab—
ilized . Records are still being kept of this condition (July, 1978),
and are available from the owner.

D. Post Construction Changes

Although some changes regarding the location and size of the
spillway were made during design, there are no records of any post
construction changes to this project.

E. Seismic Stability

The dam is located in Seismic Zone 1 and it is consider ed that
the static stability with normal safety factors is sufficient to with-
stand minor earthquake induced dynamic forces. No calculations or
studies have been made to confirm this.

I

* — 1 2 —

_ _ __ _ _  _ _ _  _ _  - - -



pr ~~~— - -~~~~~ -~~~~~ -- .—.- --•---- -• - - - - - - -

SECTION 3 — VISUAL INSPECTION

3.1 FINDINGS

A. General

The general outward appearance of the dam and its appurtenant
structures is very good. The single item of concern is the long term
seepage condition at the downstream toe of the embankment.

On the owner’s decision, the engineering firm of Justin and
Courtney was engaged to inspect this dam and prepare a report of their
findings. This inspection was carried out during August and September ,
19Th. A copy of this report was made available as a source of infor-
mation for this inspection.

B. Dam

The embankment of this facility shows no signs of cracking,
sloughing or settlement. The dumped riprap on the upstream slope is
reasonably level and is in good condition. The top of the dam has a
stoned surface and is fenced on both sides. The fence post foundations
are partially exposed and the fence is tilting. The top is used as a
roadway and provides access to the spiliway, intake tower and Tainter
gate controls. The downstream slope is covered with closely cropped
grass and weeds. Dumped rock fill underlies this cover.

A persistent seepage condition was observed at the downstream
toe of the embankment. Tall grass and weeds grow in this otherwise
closely mowed area. The wet area is well defined by the tall growth of
grass, weeds and reeds. Three piezometers are installed at the toe of
the slope. Refer to Sketch #1 in Appendix A for plan of locations. A
“V’1 notch weir is located in the wet area for the purpose of measuring
the seepage volume. The water was flowing at 1—inch over the weir at
the time of this inspection. Seepage was not detected on any portion of
the slope.

The abutments of the embankment appeared to be sound with no
evidence of distress.

C. Appurtenant Structures

1. Spiliway

The spillway is an unc’~ntrolled concrete ogee section.
Appendix D, Plate IV. The condition f the spillway is good. The
spillway is at an angle of 800 with the axis of the dam. The left

I
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abutment is tied into the natural rock and appears sound . The right
abutment joins the left abutment of the Tainter gate structure and is
also in good condition.

The spillway channel is excavated into the natural rock
formation. The discharge meanders over the irregular rock surface . The
cascading of the flow provides for energy dissipation of the discharge.
There is no stilling basin. Refer to Appendix D, Plate V. Access to
the right abutment of the spillway is directly from the top of the
embankment. There is no bridge across the uncontrolled spillway or the
spillway outlet channel.

The downstream spillway outlet channel has been heavily
eroded as a result of the 1972 tropical storm Agnes and other high
discharge storms. Repairs to the darn side of the channel have been made
and plans for additional protection of this condition are being con-
sidered by the owner.

2. Tainter Gates

Two 44 feet wide by 30 feet high Tainter gates are located
between the uncontrolled spillway and the left abutment of the embank-
ment. The gates are operated by electrical power with a propane fueled
engine as a standby power source. The gates can also be operated man-
ually. Refer to Appendix D, Plates VI and V. Each gate was operated
for observation at the time of this inpsection. The total installation
of the gate and controls is in good condition.

3. Intake and Outlet Structures

The intake structure is a concrete vault with exposed
manual controls mounted on the deck. The controls are mechanical lifts .
There are four controls each operating a 36—inch by 60—inch sluice gate
located at four different elevations. The water is admitted into the
intake chamber through these gates. The control of flow from the intake
chamber is a 54—inch sluice gate which admits the flow into a 54—inch
C.I. pipe which is encased in concrete. The discharge from the tower
goes directly to the treatment plant located downstream from the dam.
An outlet structure is situated downstream from the dam and is connected
directly to the 54—inch outlet pipe from the intake tower. The outlet
is a concrete valve box. Information obtained from the owner ’s represent-
ative indicates that this outlet has not been used for at least the past
nine years. It can be used for drawdown of the reservoir if necessary .
The owner ’s representative stated that this outlet is not used because
the reservoir can be drawn down faster by use of the Tainter gates to an
elevation of 250. Because this valve has not been operated over a long

• period , they prefer not to try it. Access to the intake structure is
directly from the embankment. There is no bridge. Refer to Appendix D,
Plate VII.

*
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The intake control gates are operated on at least a
weekly basis depend ing upon the selection of water level intake. In-
spections inside the tower indicated good condition and good mainten-
ance.

The outlet structure channel does not provide a positive
outlet to the creek. It stops about 75 feet downstream from the outlet
structure. This condition should be improved.

D. Reservoir Area

The reservoir area consists of woodland to the edge of the
lake. Recreation access is provided by the owner. There is no reported
sedimentation problem . It was reported that the operation of the Tainter
gates eliminates any sediment accumulation.

B. Downs t ream Channel

The water discharging through the spillway has to make a sharp
(900) bend directly below the darn. Heavy erosion has occurred at the
opposite hillside as a result of the 1972 tropical storm Agnes and other
high runoff storms. Some repairs are being considered to improve this
condition. A covered roadway bridge and a low dam cross the stream at a
distance of about 1,500 feet below the dam. Aside from the treatment
plant there are no residents along or in the flood plain for the next 10
miles. A developing mobile home area is located 10 miles from the dam.
This area is adjacent to the stream in its flood ~laia and is subject to
flooding and at the time of this inspection contained five mobile home
units. It is expected that the additional loss of life due to dam
failure after overtopping would be limited to a few and the additional
economical loss would be appreciable. The hazard classification for

• this dam is considered to be “Significant”.

• 3.2 EVALUATION

The outward appearance of this dam is very good . The inlet struc-
ture and Tainter gates are in good operating condition and are well
maintained . The spiliway is also in good condition.

The embankment slopes are uniform and show no signs of distress.
The fencing on the top of the darn needs some attention but this has no
bearing on the satisfactory operation of the dam.

• The seepage condition at the downstream toe of the embankment has a
long history . Records of the problem are in the PennDER file and with
the owner. The information available from the files and the 1976 report
prepared by Justin and Courtney are discussed further in Section 6 of
this report. -

The overall evaluation of the dam, with the seepage condition
considered , is very good.
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S ECTION 4 — OPERATIONAL PROCEDURES

4 .1 PROCEDURES

This darn is operated as a water  supp ly source for  the City of
Chester, Pennsylvania. The water is taken from the reservoir through
the intake struc ture and conveyed to the treatment plant downstream from
the dam through a 42—inch diameter pipe. Five control gates are located
on the tower. Four regulate the elevation of the intake and one controls
the flow f r o m  the intake to the plant.

The Tainter gates are put into operation when the discharge over
the uncontrolled spillway exceeds 30 inches.

The intake gates are operated manually . The Tainter gates are
operated mechanically with electric power with a backup propane power
source in case of electricity failure. They can also be operated manually .

4.2 MAINTENANCE OF DAN

The maintenance of the dam consists of control of the growth on the
downstream slope and the service and care of the inlet control and
Tainter gates. The downstream slope is in good condition. The upstream
slope is also in good condition. Daily records are kept of the seepage
from the downstream toe, as well as the volume of water taken from the
reservoir for water supply. Tests are made for turbidity in seepage
water on a weekly basis. The water levels in the piezometers are reported
also on a weekly basis. Refer to Appendix E for typical operating and
monitoring records.

4.3 MAINTENANCE OF OPERATING FACILITIES

The care and maintenance of the intake controls and the Tainter
gates is very good . The outlet structure channel is not totally satis-
factory as it does not outlet to the creek.

4.4 WARNING SYSTEM

There is no formal warning system in effect. The treatment plant
is located about 1500 feet downstream from the dam and is manned 24
hours a day .

4 . 5  EVALUATION

The dam is well maintained and operated . The only concern regarding
the operation of this facili ty is the outlet st ructure channel. This
channel should be ex tended to the cr eek and the valve in the structure
should be operated on a regular schedule to insure the drawdown capability
-in case of emergencies . A downstream warning system should also be
developed for emergency situations.

— 16 — 
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SECTION 5 — HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

• The hydrologic and hydraulic analysis available from PennDER
for Octoraro Dam was reasonably complete. The original spillway design
flood (inflow) was 60,000 cfs. This was calculated as 250 percent of
the August 1942 flood as recorded at the USGS gaging station at Rising

• Run, Maryland , and after adjustment for the difference in drainage area .
It was also calculated to be equal to 5,000 times the square root of the
drainage area. The original design provided for the two Tainter gates
and an uncontrolled weir 150 feet long. Construction problems necessi—
tated the later reduction of the length of the weir to the present

• length of 71.5 feet.

B. Experience Data

In the period that the dam has been in operation, from 1951 to
the present, the maximum flood was that of June 23, 1972, when the flow
was about 17,100 cfs (Appendix B). The spillway passed that flood
without distress.

The maximum known flood prior to construction of the dam
occurred in August , 1942, when the flow was about 25,000 cfs.

C. Visual Observations

On the date of the inspection, no conditions were observed
that would indicate that the appurtenant structures of the dam could not
operate satisfactorily during a flood event.

D. Overtopp ing Potential

This dam has a size classification of “Intermediate” (65 feet
high and 27,800 acre—feet of storage) and a hazard potential classifi-
cation of “Significant” (Chester, Pa. domestic water filtration plant,
0.4 mile downstream and a five—unit mobile home court ten miles down—

• stream).

The Recommended Sp illway Design Flood (SDF) for a dam wi th  the
above classifications is in the range between one—half the Probable
Maximum Flood (PMF) and the PMF. The PMF peak flow for this site is
121,000 cfs (See Appendix B) and the spillway capacity at top—of—dam
level is 107,300 cfs or 89 percent of the PMF peak flow.

• — 1 7 — 

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

- 
— - -



r - --
~~ 

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

An es t imate  of the storage e f f e c t  of t h e  reservoir shows
Oc toraro Reservoir does have the storage available tha t is necessary to
pass the PMF wi thout  overtopp ing (See Appendix B ) ,  assuming the gates to
be fully open.

E. Spillway Adequacy

• The sp illway capacity is considered to be adequate as the
proj ect will pass the PMF wi thout  over topping the dam.

The hydraul ic  calculations made for  this report have consid-
ered the possibility that the gates might become inoperative.

The following table gives the results:

Summary of Overtopp ing Potential

PMF 1/2 PMF

Gates Up
Pool Elev. 300 Will Pass Will Pass

Gates down
Pool Elev . 300 Overtop Will Pass

The hydrologic analysis for this investigation was based upon
existing conditions of the watershed. The effects of future development
were not considered .

F. Additional Recent Hydrology Report

See Appendix B for a summary of the contents of a recent
report on Pine Grove Dam by the firm of Justin & Courtney, Inc.
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SECTION 6 — STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visual Observations

1. Embankment

Other than the long term seepage condition at the down-
stream toe of the em bankment, there are no visual signs that would
indicate that the embankment is unstable.

2.  Appurtenant  S t ruc tures

The sp illway, Tainter gates and intake s t r u c t u r e  al l
appear to be in good condition. The outlet structure channel should be
continued downstream until it meets the natural stream .

B. Design and t-uustruction Data

1. Embankment

The most pertinent information regarding the stability of
the embankment is contained in the 1976 inspection report prepared by
Justin and Courtney, Inc. This report deals in detail with the seepage
condition at the downstream slope and concludes that the embankment has
an adequate factor of safety against slope failure. Soil test data
include the results of triaxial compression tests, consolidation tests,
standard moisture density tests and grain size analyses. Test boring
logs are also a part of this report.

Other conclusions from this report are: that, “the
embankment is dense and well compacted” ; that “most of the seepage is
occurring through the soil zone just above the rock, rather than through

• the embankment”; and that, “the present seepage condition is not detri-
mental to the integrity of the dam”. It was also concluded that moni-
toring of the seepage flow should be continued noting any changes in
volume or clarity of the seepage.

This inspection did not encounter any information or
observe any other conditions that would disagree with these conclusions.

2. Appur tenan t  Structures

All appurtenant structures appear in good physical condition.
On the basis of these observations and the details of the design drawings,
the spillway, Tainter- gates, intake and outlet structures are judged to

— 19—
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be structurally sound . However, no detailed analyses were made for this
report. No studies or calculations have been made to confirm the struc—
tural adequacy of the Tainter gates and its operating mechanism . The
outlet structure channel should be improved.

C. Operating Records

The operating records available in the PennDER files and from
the owner deal for the most part with the seepage condition. There have
been no serious problems during the life of this dam . The 1972 tropical
storm Agnes was passed by the struc ture although considerable erosion
took place downstream just below the dam. The owner is presently engaged
in some remedial activity in this general area. Refer to Appendix E for
typical records.

D. Post Construction Changes

There have been no modifications to this dam since completion
of construction in 1949.

E. Seismic Stability

This dam is located in Seismic Zone 1 and it is considered
that the static stability is sufficient to withstand minor earthquake
induced dynamic forces. No studies or calculations have been made to
confirm this assumption.

— 20 —
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SECTION 7 — ASSESSMENT/REMEDIAL ~1EASUR ES

7.1 DAM ASSESSMENT

A. Safety

The resul ts  of the visual inspection, the examination of data
in the files and that obtained from the owner indicate that the Pine
Grove Dam is in very good condition. The seepage condition at the
downstream toe of the embankment is of concern and should continue to be
monitored . If changes in volume are detected or if turbidity appears in
the discharge, remed ial action should be taken.

B. Adequacy of Information

The information available in the PennDER files and from the
owner is sufficient for making a reasonable assessment of this facility .

C. Urgency

The recommendations presented below are of a continuing nature
relative to seepage. The others should be acted upon as soon as possible.

D. Necessity for Additional Investigation

There are no indications that would require additional investi-
gations at this time. A recent (1976) inspection was made by the owner ’s
engineering consultant.

7 .2 RECOMMENDATIONS

A. Facilities

Recommendations regarding the facilities include two items:

1. That the seepage condition continue to be monitored on
the schedule as now in effect. If changes in flow or if
turbidity is noted , an engineering assessment should be
made immediately and if conditions dictate , remedial
action should be taken.

2. That the outlet channel from the outlet control structure
be extended to meet the existing stream.

— 21 —
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B. Operat ion and Maintenance Procedures

In order to assure the drawdown capability of this facility ,
the control gate in the outlet structure should be operated at least
once each year. Indications are that it has not been operated for at
least nine years.

A formal surveillance and downstream warning system should be
implemented to be used during periods of high or prolonged precipitation.

S
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CH ECK L t S T  - DAM INS ILCT IOU PR0Gt~At 1

PHASE I - V I S U A L  I N S P E C TI ON RE PORT

HAD N O .  23

PA.  I D  II 15—281 NAME OF DAM Pine Grove Dam 
~IAZARD CATEG ORY Signif ican t

TYPE OF DAM : Earthfill with sheet piling cutoff
Lower Oxford & 

- Chester &
LOCAT I ON: Little Bri.ain TOWNSH IP Lancaster 

- 
COUNTY , P E N N S Y L V A N I A

INSPECTION DATE 7/13/78 WEATHER Clear — Warm TEMPERATURE 70’s — 80’s

INSPECTORS: H. Jongsma, R. Houseal Mr. Hugh Hetzer
Mr. Lloyd (Clarence)

R. Steacy, A. Bartlett Mr. P. K. MacEwen
D. Black — D.E.R.

Bill Goman

NORMAL POOL ELEVATION: 280 AT TIME OF U~SPECT ION :

B R EAST E L E V A T I O N : 
- 

300.0 POOL ELEVATI ON : 280.50

SPILLWAY ELEVAT I ON: 280 & 280.17 (Gates) TA I LWATER ELEVAT I ON : 
____________

MAX t MUM RECORDED POOL ELE V AT h ON: Spiliway + ‘~~ (285’) Tainter gates were
opened ~ (Agnes 1972)

GENERAL COMMENTS :

Just in—Courtney made a report  December , 1976 (We received a copy) .
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DAM NO. NA D 23

V I S U A L  I N S P V T I O N

RE !IARKS &L MB A UI ~M EU T O B S E R V A T  I O N S  R E C O t I M E N D A T  I ON S
A. 

- SURFACE CRAC KS - 

None

B. UNUSUAL MOVEMENT 
- 

None
B E Y O N D  TOE

C.  S L O U G H I N G  OR E R O S I O N
OF E M B A N K M E N T  OR None
ABUTM ENT SLOPES

D .  V E R T I C A L  & H O R I Z O N T A L
A L I G N M E N T  OF C R E S T  O . K .

E . RI PRAP FAI LURES
None

F. J U I 1 C T  I ON E M B A N K M E N T  
______________________________

& A BI JT M L N T OR O.K. — Some growth
• SP ILLWA Y

G.  SE E PAG E • 
- 

High growing reeds at the toe of the embankment .
Water in wet area dischar ;ing one inch over the weir .

H .  D R A I N S  

_________________________

Filter and toe drain.

J. G A G E S  & R E C O R D E R  Staff  gage in forebay .

~~~~~~~~~~~~ R G R ~~~ t H )  Upst ream — ripra~ — le~el surface goed condi€i~~~~~
Top — stone roadway — fe: ~ed on both sides.
Downstream — grass closel r mowed.

I
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DA lI MO. HAD 23

V I S U A L  I N S P L C T I O N

R E M A R K S  aS P I L L W A Y  OBSERVAT ION S RECO HII EN UA TIO r~5
Natural rock face on lefi approach face.

A. APPROACH C H A N N E L  Concrete wall on right a; so leads to the intake
tower . Trash deflecto: across channel
approach. Channel cle~

Good condition.

B. W E I R :  Concrete ogee — left abut ment .
Cre st Cond tion Appears in sound conditic m . Water flowing over
Cracks spillway . Left abutment tied into rock, good

• De terioration condition.• Found a t ion Right abutment adjacent t Tainter gate wall and
Abutments in good condition.

C D I SC HA RGE C HAN N EL Discharge channel excavat~d into natural rockLining Meandering flow through rck and cascading
Cracks Dissipates energy .
St i f l i ng Basin

D.  B R I D G E  & P I E R S  
- - 

None on spillway.
Bridge across tainter gat opening .

E .  GATES & O P E R A T I O N  Two — Tainter Gates .
E Q U I P M E N T  Operate gates when there s 30” of water going

over sp iliway .
Electrical, propane and iii nual power (gates were

operated )

F .  C O N T R O L  & H I S T O R Y

*
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DAM 140. HAD 23

VISUAL IUSPL ;1 I O N

R E M A R K S  &O U T L E T  WORKS 
- 

O B S E R V A T I U t J S  • 

RECOMMENDA TION S
Concrete deck with five c ntrols .

A. I NTAKE STRUCTURE Staff gage on intake stru :ture.
Dis tribution chamber 54” ‘alve.

B.  O U T L E T  S T R U C T U R E  Valve on outlet box 
- _______________________

never used (at least f or past 9 year s)

C .  O U T L E T  C H A N N E L  Shor t and
~hen 900 curve
Opposite side eroded dun •g Agnes.

U .  GATES - 

4 —  36” x 60” sluice •gate (water supply)
1 — 54” sluice gate (blow ‘f f )

• well greased stems.

• E .  E M E R G E N C Y  GATE 
- ______________________ 

_______________________

54” sluice gate

F. OPERAT 1 0111 & Never used. Not accessib e during high water
C ON T R OL

G. B R I D G E  ( A C C E S S )  - 

None — direct from left e d of dam

A
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DAM N O .  HA D 23

V I S U A L  I I 1 1 S P [ C T I O U

REMARK S &
III SCLLL AII EOU S OBSERVAT ION S RLCOMM L tJjAT I ON S

INSTRUMENTAT ION

M onu me n t at  ion

Observa tion We fls None

W e i r s One located in wet area ‘ ~“ notch .

Piezon ete rs Three at the toe of the e thankment

Other None

R E S E R V O I R

Shopes Timber

S e d i m e n t a t i o n  No serious problem. Tair’ er gates usually handle the
accumulation.

Heavily eroded at end of pillway channel
DOW N STREAM C H A N N E L  as a result of Agnes and high flows.

Covered Bridge D/S Dist.
Co nd i t ion Small Dam

• Slopes Forest on left — flood p1 •in then forest on right.

A p p r o x i m a t e  Est.  20
• P o p u l a t i o n

No. Homes
5 Mobile Homes — 10 Miles

• Treatment Plant
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SUMMARY OF HYDROLOGY PORTION OF
RECENT REPORT ON PINE GROVE DAM

Information From Previous Report

Extrac ts  from a recent report to the owner in regard to an investi-
gation of the dam area as follows: (From “Inspection Report — Pine
Grov e Dam , Oc toraro Cr€,ek, by Justin and Cour tney , Inc., a Div ision of
O’Brien & Gere, Engineers, Inc., dat~d December , 1976 for Chester Water
Authority).

Hy drology

“The sp illway design flood for a dam of intermediate heigh t wi th a
s ign i f ican t  hazard po tential is recommended to be between f i f t y  and
one hundred percent of the Probable Maximum Flood . The Probable
Maximum Flood (PMF) is the flood discharge that may be expec ted
from the most severe combina tion of me teorolog ic and hydrologic
conditions that are reasonably possible in the region. There is no
frequency associated with the PMF since it is such a rare event
beyond reasonable extrapola t ion from historical  records , but a
return period on the order of one in ten thousand years is often
arbitrarily chosen to represent the frequency of the PMF .

The Susquehanna River Basin Study, published in 1970 by the Susque—
hanna River Basin Stud y Coord ina ting Committee , was used as the
basis for developing a unit hydrograp h for the project. The PMF
and the 100 year flood were calculated from the unit hydrograph and

• the probable maximum 24 hour prec ip i ta t ion  fo r  the area . The PMF
for  Pine Grove Dam has a peak dis charge of 146 ,000 cubic feet per
second and a total flood volume of 172 ,000 acre—feet. Fifty percent
of the PMF has a max imum discharge of 73,000 cfs and a total flood
volume of 86 , 000 acre—feet .  The 100 year flood has a peak dis-
charge of 33,100 crs and a volume of 40,000 acre—feet. The maximum

• 24 hour precipitation producing these floods is 24.4 inches for the
PMF , 12.2 inches for  f i ft y  percent of the PMF and 5.6 inches for

• the 1O(~) year flood .

The PMF, fifty percent of the PMF and the 100 yea r flood hydro—
graphs were routed through the reservoir with the reservoir at the
sp iliway crest (elevation 280) at the beg inning of the storm . The
Tainte r gates were assumed to be opened when the reservoir reaches
elevation 283 and is r is ing.  The gates are then assumed to be
opened to the extent necessary to maintain a reservoir elevation of
283 or until the gates fully opened. This is in accordance with
the written procedures of the Chester Water Authority for the
operation of the- Tainter gates during flood time.
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From the flood routing calculations it was det&rm ined that the PMF
cannot be passed withou t overtopp ing the dam . However , fifty
percent of the PMF can be passed with a max imum rise in the reser—
v ot r  of fifteefl feet above the spillway crest , to elevation 295.
The 100 year flood volume of 40 ,000 ac re— f ee t  is less than the
volume of the reservoir above the spillway cres t , which is 58,000
acr-/ f ee t , so this flood could be stored in the reservoir and
discharged over the concrete spillway without  opening the gates.

Improving the project to pass the PMF without overtopp ing the dam
would p rotect  the dam against fa i lure  duri~ g this event but would
do l i t t l e  to protect  the treatment plant and other downstream
improvements. The P1-IF peak discharge of 146,000 cfs would only b¼
reduced to about 130,000 cfs after being routed through the reser—
voir if the dam were raised to contain the PMF . Therefore , down—
stream damages would be extensive whether or not the dam is improved
to pass the PMF without overtopp ing. It is, therefore , not recom-
mended that modifications be made to the dam or spillway to pass
the PMF without overtopping the dam. Since protection against a
flood of fif ty percent of the PMF is within the recommended guide—
lines for this project, it is concluded that the Pine Grove spill—
way provides adequate protection for the dam ”.

Computations (Appendix B) made for  this  report  indicate that the
spillway of the dam , together wi th the reservoir storage , will pass the
PMF , as developed by the Corps of Engineers method , assuming the Tainter

• gates to be fully open and with  no submergence e f f ec t  from the sp illway
exit channel and downstream natural channel .

In order to confirm the data presented in the owner ’s report , an
assumed opera ting procedure mus t be u tilized , together with the detailed
routing of the inflow PMF through the reservoir , including exit and
downstream channel flow analyses. Such an investiga tion is beyond the
scope of this report and would require additional studies .

As both this report  and the owner ’s report conc lude tha t  the sp il l—
way can pass 1/2 PMF , and as such capacity is that required by the dam
size and hazard classification, the spillway capacity is assumed to be
adequate.

Part of the difference in results may be due to the fac t that this
report uses a drainage area of 131 square miles as planimetered on USGS
topo maps.  The owner ’ s report used the original designer ’s drainage
area figure of 140 square miles.
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GEOLOGIC REPORT

Bedrock — Dam and Reservoir

Formation Name: Peters Creek Schist.

Lithology : The Peters Creek is a fine grained , greenish gray ,
rather massive, quartzose mica schist. It is composed of feldspar ,
quartz , mica and chlorite with some magnetite. In addition to the
schistosity, two directions of cleavage are usually present.

Structure

The rocks of this area have been folded , faulted and metamorphosed
several times in their long history . Bedding is generally obscure,
but in the Peters Creek is indicated by the quartz rich layers.

• Bedding is generally healed and the rock splits along second and
third generation cleavage. In this area the strike of these cleavages
is generally NE and dips are steep NW to steep SE. The rock is
also cut by joints and fractures. Air photo fracture traces trend
N50° E, N2 0°E and N4O°W.

Overburden

The bedrock in this area is generally deeply weathered , to form a
saprolite averaging 50 feet thick. The saprolite is generally
thicker on hilltops and thinner on the slopes. Borings at the dam
site indicate from one to twenty feet of saprolite . In the stream
valley there was also seven to twelve feet of alluvium.

Aquifer Characteristics

The Peters Creek is composed of essentially impermeable rock.
Ground water movement is entirely along fractures and cleavage
planes. The rock weathers chiefly through alteration of the feldspars

• and micas to clay, and oxidation of the magnetite. There are no
easily soluble minerals present. The sparolite is quite porous,
and can store relatively large volumes of water, but because of the
clay content, free movement is impeded.

Discussion

The dam was constructed with an interlocking steel sheet piling
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cutoff wall. The piling was driven to refusal , which was probably
generally somewhere near the base of the saprolite. Movement
through the fractures in the schist below the piling was still
possible , and in fact, did occur for some time after the reservoir
was filled . The leak gradually diminished with time, probably as
the result of clay clogging the fractures . As the bedrock is
essentially firm and insoluble, there is little chance of any
future increase of leakage along these fractures.

Sources of Information

1. Bascomb , F. and Stose, G.W. (1932) “Coatesville — Wes t Chester
Folio, Pa. — Del.” U.S. Geological Survey Folio 223.

2. Poth, C.W. (1968) “Hydrology of the Metamorphic and Igneous
Rocks of Central Chester County”. Pa. Geological Survey
Ground Water Report, W—25.

3. Air Photographs , scale 1:24,000 dated — 1969.

4. Records of borings in f i le.
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