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I
PR.EFACE

This report is prepared under guidance contained in the
Reconmiended 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 con-
dition 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. In cases where the reservoir
was lowered or drained prior to inspection, such action,
while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain con-
ditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

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 spilivay design flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The spillvay 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 con—
dition and the downstream damage potential.
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I.

PRASE I REPORT
NATIONAL DAM INSPECTION REPORT

NAME OF DAM: Lake Chiiliaquaque Dam
STATE LOCATED: Pennsylvania
COUNTY LOCATED: Montour
STREAM: Middle Branch of Chillisquaque Creek
DAT! OF INSPECTION: May 23, 1979

ASSESSMENT

The assessment of Lake ChiUisquaque Dam is based upon visual
observations made at the time of inspection , review of available
records and data, hydrology and hydraulic computations , and past
operational performance.

The inspection and review of data of Lake Chilliaquaque Dam did
not reveal any problems which require emergency action. The dam
appears to be stable, well maintained, safely operated and in
good condition.

Lake Chillisquaque is a high hazard—intermediate size dam. The
spilivay design flood is the ?MF (Probable MaT1~muis~ Flood). The
spiilway and reservoir are capable of controlling the PNF. Based
on criteria established by the Corps of Engineers, the spii,lway
is tarmed~ adequate.

The following recommendations and remedial measures should be
instituted iimaediately .

1. Continue to remove all trees from the embankeent.

2. The vet areas at the toe of the emban~~ent should be
i.v
~~

l(i1ed during the routine inspections. Drainage from these
areas should be provided and flow monitored when it exists.

3. A forma l, inspection program should be instituted.

4. A warning system should be instituted to warn downstream
residents of large spiliway discharges or failure of the dam.

A 5. Valves should be operated and lubricated on a regularly
scheduled basis.
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Overview of downstream slope from right abutment.
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Overview of upstream slope and crest from right abutment.
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PRASE I
NATIONAL DAM INSPECTION PROGRAM

LA1~ CHILLISQUAQUE
NDI I.D. ~IO. PA 815
DEl I.D. NO. 4 7—8

SECTION 1
PROJECT INPORMATION

1.1 General.

a. Authority . The National Dam Inspection Act , Public
Law 92—367, authorized the Secretary of the Army , through
the Corps of Eng ineers , to initiate a program of inspection
of dams throughout the United States.

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

1.2 Description of Project. <~

a. Dam and Appurtenances. ~Lake Chilhisquaque is an earth—
fill dam 2000 feet long and 54 feet high. The dam is a zoned earth
embanI~~ant with a center core consisting of silty clay material
and the upstream and downstream portions consisting of weathered
shale. The upstream and downstream slopes were constructed at
2.5H:1V with berms at elevation 582.0. The crest of the dam
is 12 feat wide and forms an access road at elevation 605.5.
The outlet works consist of a concrete control tower connected to
two 36’!- steel pipes encased in concrete. The outlet works has a
positive upstream shut off in the form of a bulkhead . The flow ~r

through these pipes is regulated by a 36” sluice gate , an 18”
cone valve or an 9’!~ by pass valve. At the toe of the dam is a
valve house to control flow through these pipes. The earthen
emergency spiliway is located on the left abutment and contains
a concrete sill 750 feet long . The spilivay discharge channel is
1300 feet long and discharges to a natural stream.

b. Location. The dam is located on Middle Branch of
Chilhisquaqu. Creek, approximately 1.7 miles north of Strawberry
Ridge , Montour County Pennsylvania . Lake Chilhisquaque can be
located on the Was hingtonviile U.S.G.S. 7.5 minute quadrangle.

c. Size Classification. Lake Chilliaquaque Dam is an
indermediate size structure (54 feet high , 4400 acre—feet).

d. Hazard Classification. Lake Chilhisquaque is a high
liazard .dam. Downstream conditions indicate that loss of more than
a few lives is probable should the structure fail . (See section 3.le) .

-
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e. Ownership. Lake Chilhisquaque is owned by the Pennsylvania
Power and Light Company . Correspondence should be addressed to:

Pennsylvania Power and Light Company
901 Hamilton Street
Allentown, PA 18101
215—821—5151

f .  Purpose of Dam. Lake Chillisquaque is used for water
supply for the Montour Power Plant , recreation and flood control.

g. Design and Construction His tory. The dam was designed
by Ebasco Services Inc. The dam was constructed by Vipond and
Vipond with Ebasco performing the construction inspection. The
dam was completed in 1971.

h. Normal Operating Procedures. The reservoir is used
for storage of emergency cooling water for  the Montour Power
Plant. In addition to normal inflow, the reservoir has a 48”
supply line from the Susquehanna River to add water
to the reservoir . Normal operation of the reservoir
requires that the 8” bypass line be open to pass the minimum
flow to the stream. All valves are operated automatically
from the power plant . In addition~, the valves can be operated
manually from the dam. Normal water level is at elevation
594.0. During flooding periods the following procedures are
utilized:

1. At elevation 596 the pumps from the Susquehanna
River are stopped .

2. At elevation 597 the 8” by pass line is opened full.

3. At elevat ion 598 the 18” valve is opened. The amount
of opening of the 18” valve may be limit ed by plant makeup
water and critical cooling water r equirements.

4. At elevation 598.5 the curator of the Montour Preserve
inspects the emergency overflow to assure that it is clear of
debris.

1.3 Pertinent Data.

a. Drainage Area. 5.6 square miles

b. Discharge at Dam Site (cfs) .

Maximum known flood at dam site Approximately 4500 cfs
September , 1975 , elev. 601.6

36” drain line at normal pool
elevation Unknown¶ Emergency sp iilway capacity
at top of dam 29022

__________ 2 
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c. Elevation (1J.S.G.S Datum) (feet). — Elevations worked
from spiliway crest elevation 600 obtained from
construction drawings.

Top of dam — low point 605.5
Top of dam — design height 605.0
?4a~~41m1m pool — design surcharge 604.5
Pull, flood control pool 600.0
Nor!nal. p00]. 594.0
Emergency spiliway crest 600.0
Upstream portal — 36” drain line 552.5
Downstream portal — 36” drain, line 551.4
Streambed at centerline of dam 551.4
M~~~~~ m, tailvater None
Toe of dam 551.4

d. Reservoir (feet).

Length of ~~~~~~ pool 6000
Length of normal pool 5000
Length of flood control pool 5500

e.. Storage (acre—feet).

Normal pool 2200
Flood control pool 3300
Top of dam 4400

f .  Reservoir Surface (acres).

Top of dam 220
Maximum pool 220
Flood control pool 167
Normal pool 113
Spi.U.way crest 167

g. ~~~~~~.

Type Ear thf ill
Length 2000 feet
Height 54 feet
Top width 12 feet
Side slopes Both 2.5H:1V with berms
Zoning Yes
Impervious core Yes
Cutoff Yes
Grout curtain Yes

1. Reservoir Drain.

Type 36” steel pipe
Length 220 feet
Closure Sluice gate in control tower
Access From control tower
Regulating facilities Sluice gate in control tower

3
_______ — — - __________

~~ ~.. ,~
,. 

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



— ‘7

i. Spiliway.

Type Uncontrolled concrete sill
Length 750 feet
Crest elevation 600.0
Gates None
Upstream channel Lake
Downstream channel 1300 foot long cut in

natural ground
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SECTION 2
ENGINEERING DATA

2.1 Design. Review of information in the files of the Comeonwealth
of Pennsylvania, Department of Environmental Resources and the
Pennsylvania Power & Light Company revealed that construction
drawings, design reports, permits and photographs were available
for review. All this data was reviewed for this study.

2.2 Construction. Construction reports are available at the
Pennsylvania Power & Light Company ’s office.

2.3 Operation. Operating records are maintained at the Montour
Power Station. Continuous readings are recorded on reservoir level
and discharges to the stream.

2.4 Evaluation.

a. Availability. Engineering data were provided by PennDER
Bureau of Dam Safety, Obstructions and Storm Water Management
and the Pennsylvania Power & Light Company. Members of the
Pennsylvania Power & Light Company accompanied the inspection team
to answer questions on construction, design and operation of the
dam.

b. Adequacy. The type and amount of design data and other
engineering information is substantial. The information is stif f i—
cient to complete a Phase I Report.

I
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SECTION 3
VISUAL INSPECTION

3.1 Findings.

a. General. The onsite inspection of Lake Chillisquaque
was conducted by personnel of L. Robert Kimball and Associates
accompanied by members of the engineering staff of Pennsylvania
Power and Light Company on May 23, 1979. The inspection consisted
of

1. Visual inspection of the retaining structure, abutments
and toe.

2. Examination of the spillway facilities, exposed portions
of any outlet works and other appurtenant works.

3. Observations affecting the runoff potential of the
drainage basin.

4. Evaluation of the downstream area hazard potential.

b. Dam. The dam appears to be in good condition. The dam
appears to conform closely to the construction drawings. From a
brief Survey conducted during the inspection, it was noted that
the crest of the dam is higher than the design height. It appears
that additional material was placed to form an access road over
the top of dam. The upstream and downstream slopes were measured
at 2.5}I:lV and were covered with weathered shale. No vegetation
is growing on these slopes with the exception of one small tree
near the left abutment of the downstream slope. No erosion or
slumping was noted on the downstream slope . At the toe of the
dam are several wet areas. These wet areas may be from poor
surface drainage or from minor amounts of water exiting from the
toe. No flow was noted in any of these areas (See page A—li).

c. Appurtenant Structures. The reservoir level at the time
of the inspection was at elevation 594.3. The emergency spillway
crest is at elevation 600.0. The concrete weir appeared to be In
good condition. The length of the concrete weir at elevation 600
appears to be shorter (750 feet) than the design length (800 feet).
The concrete weir then slopes to elevation 605 (107 feet long).
The emergency spillway exit channel appeared to be in good con-
dition. The bottom and side slopes of the exit channel are
grassed. Near the end of the emergency spiliway exit channel, a
large amount of stone was placed when a high discharge in 1975
eroded part of the bottom of the discharge channel. This dumped
rock probably would not restrict flow significantl y.

The condition of the two 36” drainlines was unobserved during the
inspection. The concrete control tower appeared to be in good
condition . The discharge end of the pipes and the valve house
appeared to be in good conditio n . The valve house is kept locked
at all t imes. Operation of the valves is controlled at the power
plant , however , the valves can be operated manually in the valve
house. 

4
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d. Reservoir Area. The watershed is covered mostly with
farmland. The reservoir slopes are gentle and are not susceptible
to massive landslides which would affect the storage volume of
the reservoir or overtopping of the dam by displacing water.

e. Downstream Channel. The channel downstream of Lake Chillis—
quaque is wide and gentle. The first structure to be affected by
flood flows or failure of the dam would be the visitors center and
curators home for the Montour Wildlife Preserve . Several additional
homes are located in the flood plain between the dam and the
Montour Station.

3.2 Evaluation. In general , the embankment and appurtenant
structures appear to be in good condition and well maintained.
The wet areas at the toe of the dam should be examined during
the normal inspections. The tree should be removed from the
embankment.

Note: Considerable precipitation occurred prior to and during
a portion of the inspection possibly contributing to the wet areas
noted at the toe and also possibly obscuring any small volume
seeps or isolated wet areas. Dry weather inspections by the
owner are encouraged.

S
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SECTION 4
OPERATIONAL PROCEDURES

4. 1 Procedures. The reservoir is maintained at approximately
elevation 594.0. Water is pumped from the Susquehanna River to
Lake Chillisquaque to be used for emergency cooling water.
Procedures to be utilized during flooding are outlined in section
1.2h.

4.2 Maintenance of Dam. No planned maintenance schedule is
utilized . Maintenance of the dam is performed by Pennsylvania
Power and Light personnel. Maintenance of the dam is considered
good.

4.3 Maintenance of Operating Facilities. The valves are operated
on an as needed basis. The valves should be operated and lubri-
cated on a regularly scheduled basis. Maintenance of the operating
facilities is considered fair.

4.4 Warning System in Effect. There is no warning system in
effect to warn downstream residents of large spillway discharges
or failure of the dam.

4.5 Evaluation. Maintenance of the dam is considered good.
Maintenance of the operating facilities is considered fair. The
valves should be operated and lubricated on a regular basis.
There is no warning system in effect to warn downstream residents.

I
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V.

SECTION 5
HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features.

a. Design Data. Hydrologic and hydraulic information are
contained in a report prepared by Ebasco. This data consists of
an inflow hydrograph, spiliway rating curves and area—capacity
curves. The designer used the PM! (25 inches of rainfall for a
6 hour duration) as the design storm. Based on this amount of
precipitation over the drainage area and using a unit triangular
hydrograph, the peak inflow to the reservoir was determined to
be 24,500 cfs. The total flood volume would be about 6,800
acre—feet. Design calculations indicate the emergency spillway
can control this flood.

The designer’s calculations appear to be adequate to meet the
Corps of Engineers spiliway guidelines.

b. Experience Data. The maximum flood to date was during
September 1975 when the reservoir level reached elevation 601.6.
The peak discharge through the emergency spiliway during this
flood was estimated at 4500 cfs.

c. Visual Observations. The spillway and spiliway discharge
channel appeared to be in good condition. The concrete on the
spiliway weir appears to be in good condition. The rock placed in
the apillway exit channel should not retard flow significantly.

d. Overtopping Potential. Overtopping potential was
investigated through the development of the probable maximum
flood (P~ff) for the watershed and the subsequent routing of the
PM! and fractions of the PM! through the reservoir and spillway.

The Corps of Engineers, Baltimore District, has directed that the
NEC—i Dam Safety Version systemized computer program be utilized.
The program was prepared by the Hydrologic Engineering Center
(NEC), U.S. Army Corps of Engineers, Davis, California, July 1978.
The major methodologies or key input data for this program are
discussed briefly in Appendix D.

5.2 Evaluation Assiaptions. To enable us to complete the
hydraulic and hydrologic analysis for this structure , it was
necessary to make the following assumptions .

1. The water level in the reservoir prior to flood was at
normal pool elevation 594.0.

2. No flow through the 36” pipe was assumed .

9
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5.3 S*.~~~ary of Overtopp~~ g Analysis. Comp lete s~~~ ary sheetsfrom the computer output are presented in Appendix D.

Peak inflow — 11,182 efs
Spi.U.way capacity — 29 ,022 cf a

a. Spil].way Adequacy Rating. The Spillway Design Flood(SD!) for this dam is the PM!. The SDF is based on the hazardand size classification of the dam. Based on the followingdefinition provided by the Corps of Engineers , this spi.Uway israted as adequate as a result of our hydrologic analysis.

Adequate — For intermediate size dams which pass the PM!.
The spiliway and reservoir are capable of conerolJ.ing the PM?without overtopping the embankment.

10 
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations. No signs of slumping, erosion
or instability were noted during the inspection. The wet
area at the toe of the dam should be watched for significant
changes.

b. Design and Construction Data. Stability analysis
calculated for design of the dam indicated a safety factor of
1.72 for steady seepage conditions with reservoir water level
at elevation 600. For rapid drawdown conditions, a safety
factor on 1.17 was calculated. See Figure 5 for design
assumptions. The stability analymas performed for this
structure appear to be adequate.

c. Operating Records. Good operating records are main-
tained on the reservoir water level. Operating records do not
indicate any structural instability.

d. Post—Construction Chnages. There have been no post—
construction changes to the dam.

e. Seismic Stability. The dam is loca ted in seismic zone
1. No seismic stability analysis has been performed. Normally,
it can be considered that if a dam in this zone is stable under
static loading conditions, it can be assumed safe for any
expected earthquake loading . Because of the low risk of
seismic activity and the adequate static analyses, no seismic
analysis is necessary .

11
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t SECTION 7
AS~ESSMZNT AND RECC~* DATIONS/R~ 4EDLu. MLkStJRES

7.1 Dam Assessment.

a. Safety. The dam appears to be in good condition. The
visual observations , review of availabY..e information, hydrologic
calculations and past operational performance indicate that Lake
Chillisquaque’ s spiliway is adequa te. The spillwsy is capable of
controlling the PM! without overtopping . Adequat. stability
analyses have been performed for the design of the structure.

b. Adequacy of Information . Sufficient information is )
available to complete a Phase I Report .

c. Urgency. The recommendations suggested below should
be implemented iimsediately .

d. Necessity for Further Investigation. No further
investigations are required at this time.

7.2 Rec~~~endations /Remedial. Measures

1. Continue to remove all trees from the embankment.

2. The vet areas at the toe of the embankment should be
~r~~~ned during the routine inspections . Drainage from these
areas should be provided and flow monitored when it exists.

3. A formal inspeection program should be instituted.

4. A warning system should be instituted to warn downstream
residents of large spillway discharges or failure of the dam.

5. Valves should be operated and lubricated on a regularly
scheduled basis.

i t  
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APPENDIX A

CRECILIST, VISUAL INSPECTION, PHASE I
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APPENDIX D
HYDROLOGY AND RYDRAULICS $

- Methodology. The dam overtopping and breach analyses were
accomplished using the systemized computer program REC—l
(Darn Safety Investigation), September , 1978 , prepared by the
Hydrologic Engineering Canter , U.S.  Army Corps of Engineers ,
Davis , California. A brief description of the methodology
used in the analysis is presented below .

1. Precipitation. The Probable Maximum Precipitation
(PM?) is derived and determined from regional charts prepared
from past rainfall records including “Hydrometeorological
Reports No. 40 prepared by the National Weather Service.

The index rainfall is reduced from 10% to 20% depending on
watershed size by utilization of what is termed the HOP Brook
adjustment factor. Distribution of the total rainfall is
made by the computer program using distribution methods
developed by the Corps.

2. Inflow Hydrograph. The hydrologic analysis used in
development of the overtopping potential is based on applying
a hypothetical storm to a unit hycLrograph to obtain the inflow
hydrograph for reservoir routing .

The unit hydrograph is developed using the Snyder method .
This method requires calculation of several key parameters.
The following list gives these parameters their definition
and how they were obtained for these analysis.

Parameter Definition Where Obtained

C~ Coefficient representing From Corps of
variations of watershed Engineers*
slope and storage -

I. Length of main stream From U.S.G.S.
chan nel miles 7.5 minute topographi c

Length on main stre am From U . S .G . S .
to cent roid of watershed 7.5 minute topographic

C Peaki ng coefficient From Corp . ofp 
Engineers*

A Watershed size From U.S.G.S.
7.5 minute topographic

*Developed by the Corp . of Engine ers on a regional basis for
C Pennsylvania.

_ _ _ _  - --*____
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3. Routing. Reservoir routing is accomplished by using
Modified Plus routing techniques where the flood hydrograph is
routed through reservoir storage. Hydraulic capacities of
the outlet ~~rks , spilivays and the crest of the darn are used P
as outlet controls in the routing.

The hydraulic capacity of the outlet works can either be
calculated and input or sufficient dimensions input and the
program will calculate an elevation discharge relationship.

Storage in the pool area is defined by an area — elevation
relationship from which the computer calculates storage .
Surface areas are either planimetered from available mapping
or U .S.G.S .  7.5 minute series topographic maps or taken from
reasonably accurate design data.

4. Dam Overtopping. Using given percentages of the PMF
the computer program wil.l calculate the percentage of the PMF
which can be controlled by the reservoir and spillway without
the dam overtopping.

5. Dam Breach and Downstream Routing. The computer
program is equipped to determine the increase in downstream
flooding due to failure of the dam caused by overtopping.
This is accomplished by routing both the pre failure peak
flow and the peak flow through the breach (calculated by the
computer with given input assumptions) at a given point in
time and determining the water depth in the downstream channel.
Channel cross—sections taken from U.S .G.S.  7.5 minute topographic
maps were used in the downstream flood wave routing. Pre and
post failure water depths are calculated at locations where
cross—sections are input .
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DAM NAME~~~~~LL~~~~QUkQU~~ ~~~~~~~~
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CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATh

DRAINA.GE AREA CHARACTERISTICS: 5.6 square miles, farmland, gentle slopes

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY) : 594.0 (2200 acre—feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY) : 600.0 (3300 acre-feet)

ELEVATION MAXD(UM DESIGN POOL: 604.5

ELEVATION TOP DAM: 605.5

SPILLWAT CREST:

a. Elevation 600
b. rype Uncontrolled with concrete weir
e. Width One foot
d. Length 750 feet
e. Location Spi.Uover Right abutment.
f. Number and Type of Gates None.

OUTLET WORKS :

a. Type Two 36” steel pipes-
b. Location Through dam

c. Entrance inverts 552.5
d. Exit inverts 551 4
e. Emergency draindown facilities Sluice gate in control tower

HYDROMETEOROLOGICAL GMJ GES:

a. r~~ 
Continuous recorder of pool level -

- b. Location _____________________________________________

c. Records ______________________________________________________

MAX UWM NON—DAMAGING DISCHARGE : September, 1975, elevation 601.6, estimated
discharge 4500 cfs.

_ _ __ _ _ _  
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General Geology.

Lake Chillisquaque lies in the Valley and Ridge Physiographic
Province of Fennemann (1938). This region in Eastern
Pennsylvania is characterized by numerous synclinal and
anticlinal features. Structurally, the dam lies near the
axis of a large plunging anticlinal. feature which plunges to
the northeast. Major faulting is not noted in the area. The
dam is underlain by Middle Ordovician aged sediments of the
Mahantango Formation. This formation extends for a thickness
of 1000 to 1500 feet. It is a brown to olive shale with inter—
bedded sandstone. The upper members are highly fossiliferous.
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