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PREFACE

This report has been prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I Investi-
gations. Copies of these guidelines may be obtained from the Office of
Chief of Engineers, Washington, D.C. 20314. The purpose of a Phase I
investigation is to identify expeditiously those dams which may pose
hazards to human life or property. The assessment of the general condition
of the dam is based upon available data and visual inspections. Detailed
investigation, and analyses involving topographic mapping, subsurface
investigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the investigation
is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team. 1In
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 conditions
which might otherwise be detectable if inspected under the normal operating ,
environment of the structure. i 3

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and
is evoluntionary 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 imspectiomns
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, 3
the spillway design flood is based on the estimated "Probable Maximum {
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. The spillway design flood provides a measure of
relative spillway capacity and serves as an aid in determining the need
for more detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage potential.
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

Name of Dam: STOVERS LAKE DAM, NDS NO. PA-00600
State & State No. PENNSYLVANIA, 38-5

County; LEBANON

Stream: A BRANCH OF BRANDYWINE CREEK

Date of Inspection: November 15, 1978

Based upon the visual inspection, past performance and the available
engineering data, the dam and its appurtenant structures appear to be in
poor condition.

In accordance with the Corps of Engineers' evaluation guidelines the
combination of storage and spillway capacity is capable of passing only
11 percent of the Probable Maximum Flood (PMF) and the spillway is
considered to be seriously inadequate.

The following recommendations are made for action by the owner:

1. That a detailed engineering investigation be conducted by a
qualified professional engineer to determine the source and
cause of the observed seepage and soft condition at the toe
of the embankment, and to assess the influence of these
conditions on the stability of the structure. Also, to
determine what measures should be taken to improve the capacity
of the spillway to meet the requirements of the criteria as
set forth by the Commonwealth of Pennsylvania.

2. . That the crest of the embankment be raised immediately to a
uniform elevation as the initial step to the overall improve-
ments to the dam.

3. That a positive method of closure of the upstream end of the
outlet pipe be established.

4. That a procedure be developed and implemented to provide
regular maintenance of the embankment slopes.
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i 5. That the blowoff facilities be operated and serviced at least
£ ' twice a year.
b : 6. That a formal surveillance and downstream warning system be
: developed to be used during periods of high or prolonged
K precipitation.
V SUBMITTED BY: APPROVED BY:
L}
BERGER ASSOCIATES, INC. g
HARRISBURG, PENNSYLVANIA
DATE: February 20, 1979 C. K. WITHERS
Colonel, Corps of Engineers 4
District Engineer |
nz_|B Mar 19
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

STOVERS LAKE DAM

NDS-ID NO. PA-00600
DER-ID NO. 38-5

o _ SECTION 1 - PROJECT INFORMATION

3 1.1 GENERAL

A. Authority

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

B. Purpose

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

1.2 DESCRIPTION OF PROJECT

A. Description of Dam and Appgttenances

o<

Stovers Dam is a 16d£7§555;21d earthfill embankment with a
masonry spillway at its left end. The length of the embankment is
approximately 250 feet and the maximum height is 25 feet. The 18 foot
wide broadcrested spillway was originally three feet below the top of E
the dam, but has been raised a few inches. A gate structure, located on :
the upstream side, has been sealed off and the control on the 12-inch
blowoff pipe is located in a valve pit near the downstream toe. This
pipe is the only known pipe in the embankment and has no upstream closure

control.™
B. Location: — 7 City of Lebanon & North Lebanon Township,
E Lebanon County, U.S. Quadrangle, Lebanon, PAHr
4 , Latitude 40°-20.8', longitude 76°-24.2'
9 (Appendix F, Plates I and II)
E C. Size Classification: Small (282 acre-feet, height 25 feet)

D. Hazard Classification: High (See Section 3.1.E) ;
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wa' E. Ownership: City of Lebanon
Lebanon Recreation Department
400 South 8th Street
Lebanon, Pennsylvania 17042

F. Purpose: Public Recreation (Fishing and Boating)

G. Design and Construction History

The dam was built by the Union Canal Company in about 1820 by
day labor as a feeder for the Union Canal. 1In about 1868, the top
elevation of the dam was raised when additional lockage water was
required due to increased barge traffic. A ditch was excavated in a
southeasterly direction to feed the canal. Ownership was transferred to
the Philadelphia and Reading Rail Company and then to the Lebanon Water
Company, a subsidiary of Bethlehem Steel Company, Lebanon Plant. The
dam and reservoir were recently acquired by the City of Lebanon for
recreational purposes. Due to the age of the dam, no design or con-
struction information for these facilities are available.

A I e R R R e

H. Normal Operating Procedures

There are no formal operating procedures. All inflow is
either stored below spillway crest or discharged over the spillway.
Seepage through embankment or foundation generally keeps the water level
( - below spillway elevation.
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1.3 PERTINENT DATA

Pk

A. Drainage Area (square miles)

From file information - 1.1
Computed for this report - 1.1
Use 1.1

B. Discharge at Dam Site (cubic feet per second)
See Appendix C for hydraulic calculations

Maximum known flood, June 22, 1972 (dam overtopped
1/2-inch)

Inflow estimated on basis of records for
USGS gage Beck Creek near Cleona 1,100

OQutflow estimated on basis of reported
pool elevation (541.4) (includes flow
over embankment) 550

Warm water outlet None




Outlet works low pool outlet at pool Elev.520 4

Outlet works at pool level Elev.537 (spillway
crest) ' 9

Spillway capacity at pool Elev. 539.7 (low
point in embankment) 210

Spillway capacity at pool Elev. 542.3 (top of
spillway abutment) if embankment is restored
to that level 580

c. Elevation (feet above mean sea level)

Top of dam - uneven - varies between 539.7 & 542.3 ]
Spillway crest 537 i
Upstream portal invert of outlet tunnel, about 517 %
Downstream portal invert of outlet tunnel, about 515
ﬁ Streambed at centerline of dam, about 517 y
‘ Maximum tailwater about | 520 5

D. Reservoir (miles)

Length of maximum pool 0.5

SENPARSY VNN

Length of normal pool ! 0.4

E. Storage (acre-feet)

0 e it

Spillway crest (Elev. 537) 215
Top of dam (Elev. 539.7) 282

g F. Reservoir Surface (acres)

Top of dam (Elev. 539.7 low point) 31 |
Spillway crest (Elev. 537) 20 |
G. Dam

Type: Earthfill

«i? Length: 250 feet.

1
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Height: 25 feet
Top Width: Irregular, about 6 feet
Side Slope: Upstream - irregular above waterline, probably
1.5H to 1V
Downstream - measured 1.6H to 1V
Zoning: Unknown‘
Impervious Core: Unknown
Cutoff: Unknown
Grouting: Unknown (not practiced in 1820)

OQutlet Facilities

A i2-inch cast iron pipe, about 125 feet long, passes through
the embankment from a concrete headwall at the upstream end

to a concrete valve box on the downstream end. There is no
upstream control. The pipes and valves in the valve box are
covered with dirt. From the arrangement of the three valve
stems protruding through the dirt and from other available
information, it appears that there are two 12-inch valves in
series on the blowoff pipe. This pipe discharges into a ditch
a few feet beyond the valve box. From a 12-inch by 12-inch by
12-inch tee between the two valves, a third valve and a 12-
inch water main formerly delivered water tc a nearby plant of
the Bethlehem Steel Company. The inspection party was informed
that the steel company no longer uses this source of supply.

Spillway

Type: Uncontrolled, broadcrested weir.

Length of weir: 18.feet.

Crest elevation: about 537, slightly dipped.

Upstream channel: Approach channel is a paved area on the top

and upstream slope of the embankment (see sketch on Sheet 1 of
Appendix C). The paved area is about 24 feet long and 20 feet

. wide. At the edges, it is warped into the shape of the dam
embankment on either side.
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Downstream channel: The spillway cuaute is built of heavy,
limestone masonry which has been patched with concrete. It is
about 70 feet long and 18 feet wide. Starting at the crest,
there is a two-foot drop (see Appendix A, Plate A-III), a 24~
foot-long section with a 1V to 3H slope, an 8-foot-long
section with a 1V to 12H slope, and finally an 8-foot drop to
a plunge pool. Beyond the plunge pool, flow is delivered to a
swampy, sluggish stream which is kept flowing by the consider-
able leakage from the reservoir.

Regulating Outlets

See Section 1.3.H above.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

This dam was constructed in about 1820 and the top elevation was
raised around 1868. The PennDER files did not contain any design data

or construction drawings. The checklist of engineering data is included
in Appendix B of this report.

The first time the dam and its facilities were inspected by PennDER
was on January 22, 1915 by F. B. McDowell, Assistant Engineer. A report
was filed and submitted by Mr. Seelye. :

2.2 CONSTRUCTION

The only available information is contained in the above mentioned
report, stating that at that time no construction data existed.
Mr. Seelye states that the foundation consisted of firm clay and that
suitable clay was available in the neighborhood of the dam. The original
upstream slope was unprotected, but the slope was paved with brick laid
on its edge in 1884. Brick protection started about 4 feet above the
toe at the silt line and continued to 2.5 feet below the top of the
embankment. The downstream slope was sodded and had a slope of 1.75H to
1V, except near the left end of the dam, where the slope was flatter.
The spillway crest was three feet below the top of the dam. The 12-inch
pipeline had a masonry bay and a wooden gate for control. This gate
was abandoned prior to 1915 and a downstream valve was used for control.

2.3 OPERATION

Records of operation do not exist. The reservoir was originally
used for feeding the Union Canal. In 1880, the Lebanon Water Company
acquired the dam for purposes of supplying industrial water to the
Lebanon Furnace. This company and the dam were acquired by Bethlehem
Steel Company, who discontinued use of the water around 1976.

2.4 EVALUATION

A. Availability

The available engineering data was obtained from PennDER. The
owner of the dam did not have any data in his files.
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'1973. It appears that, in 1928, some concrete curbing was placed at the

B. Adequac

The available engineering and construction data is not adequate
to evaluate the design of this dam. The report from PennDER dated
January, 1915, states that the capacity of the spillway would be approxi-
mately 250 cfs which was considered low at that time. The crest elevation
of the dam has been increased since that date.

7Ce Operating Records

Formal operating records were not available for examination.

D. Post Construction Changes

The crest elevation of the dam was increased around 1868 and
the upstream slope was paved in 1880.

The approach to the spillway was paved and last repaired in

edges of the dam breast near the spillway and at a few other places to
raise the dam to its intended elevation.
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.riprap and cementing the surface against erosion. The lake was drawn

SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS
A. General

The general appearance of Stovers Dam is poor. The top of the
breast is uneven in width and elevation with many erosion gullys. The
embankment slopes are steep and according to local residents the dam was
overtopped by several inches in 1972 (Agnes). The dam is owned by the
City of Lebanon and is used for fishing. The visual inspection check
list is contained in Appendix A of this report. Reproductions of photo-
graphs taken during the inspection are in Appendix E. Mr. Ken Barrick
represented the City of Lebanon, Parks Department, during the inspection.

B. Embankment

The embankment is in poor condition, due mainly to poor vertical
alignment. The top of dam was designed to be three feet above the
spillway. The actual average height is at present 4 feet with a low
point of only about 2.7 feet above the spillway. Refer to Appendix A,
Plates A-1 and A-1I, for the results of the survey. The dam breast has |
a very uneven cross section, with many gullys at the downstream and i
upstream edges. The top of the embankment is used by many fisherman and |
there is no cover. Pieces of concrete curbing are at several places. |
The upstream embankment slope has many bulges, probably caused by dumping

down in 1972 and the city representative stated that the upstream slope
is paved with brick over its full surface.

The dounstream slope is steep (see Plate A-1, Appendix A) and
has a considerable amount of weed and shrub growth. The downstream toe
is wet and swampy west of the valve chamber. The slope was soft up to
one foot above the toe. Actual seepage discharge could not be detected.

C. Appurtenant Structures

A concrete intake structure is located upstream of the dam
with its top surface just above the pool level at the time of inspection.
The top of the structure is sealed off. When the reservoir was drawn
down in 1972, a new grating was installed over the intake opening at the
bottom of the tower. A twelve-inch pipe runs from this structure to a
valve chamber near the downstream toe. One valve on this pipe is oper-
able and was partially opened during the inspection. The same pipe has
another valve upstream in the same valve chamber in an open position.
Another pipeline takes off of the 12-inch line, but it is not known




where this pipe leads to. It could possibly feed into a line which
crosses the spillway discharge channel and leads to the Lebanon Plant of
Bethlehem Steel Corporation. The spillway, located in the left abutment,
has a paved approach slab. This slab was poured in 1973 to cut down
seepage through the spillway weir. The abutment walls are in good
condition. The spillway discharge channel is concrete paved with stone
walls and a plunge pool which functions as the energy dissipator. Some
seepage through the walls is occurring, but this is not considered
serious. Access to the valve chamber, in case of emergency, would be
from the cemetery at the right enid of the dam.

The representative of the City stated that the reservoir did
not top the embankment during the tropical storm Agnes, although it was
within inches. The only overtopping occurred to the left of the spill-
way. Local residents, who probably observed the dam on a more regular
schedule, stated that the dam actually overtopped a few inches during a
period of about two hours. The reservoir pool level just before Agnes
was probably about 10 to 15 feet below weir crest elevation.

D. Reservoir Area

The immediate area of the reservoir is flat and the banks are
stable. The watershed is mostly farmland with some house developments.
It is estimated that about 2-feet of sedimentation has occurred in the
reservoir. At present the sedimentation problem is reduced due to
better farming methods.

E. Downstream Channel

The spillway discharges into a narrow, relatively shallow
creek which makes a sharp turn just below the plunge pool. The creek
runs parallel to the dam, along a cemetery. About four houses are
located close to the stream before it joins with Little Brandywine
Creek. If the dam would fail due to overtopping, the floodwave would
cross the creek, run across a baseball field and could increase the
hazard to loss of life at a development immediately south of the dam.
The hazard category of this dam is considered to be "High".

3.2 EVALUATION

The visual inspection of this dam indicates that the dam breast is
narrow and irregular in width and has a very poor vertical alignment.
Steps should be taken to raise the dam to its required height (see
Section 5) and the embankment slopes should be cleared of brush. The
top of the dam is narrow and without a protective cover.




3
o
o
i

SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURE

The reservoir and dam were bought by the City of Lebanon to serve
as a recreational facility, mostly fishing. There are no specific

procedures to operate the reservoir and all inflow is discharged over
the spillway.

4.2 MAINTENANCE OF DAM

Very little maintenance has been done on the embankment.

4.3 MAINTENANCE OF OPERATIONAL FACILITIES

No maintenance of the facilities has occurred since the approach to
the spillway was paved. There is no procedure to open the drawdown
valve or to grease. the valve on a regular basis.

4.4 WARNING SYSTEM

There is no formal surveillance or warning system in existence.
During tropical storm Agnes the city representatives visited the site
several times, but the critical condition of the dam requires a constant
surveillance during periods of high pool levels.

4.5 EVALUATION

Operational procedures are very limited at present and should be
expanded. A formal surveillance and downstream warning system should be

. implemented.




SECTION 5 - HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A, Design Data

i SRk as

The hydrologic and hydraulic analysis available from PennDER
for Stovers Lake Dam was not very extensive. No area-capacity curve,
frequency curve, unit hydrograph, design storm, design flood hydrograph,
nor flood routings were available.

A seven-page report prepared in 1915 listed the distance from
the spillway crest to the top of the dam as 3 feet, and reported the
spillway capacity as 250 cfs.

B. Experience Data

There were no records available for past floods, but a local
resident recalled that the flood of June 22, 1972, raised the pool level
to within a few inches of the top of the spillway wall. He also recalled
that water flowed over the top of the embankment at many places and
continued to do so for about two hours.

{ 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, until the dam is overtopped.

D. Overtopping Potential

Stovers Dam has a total storage capacity of 282 acre-feet and
an overall height of 25 feet above streambed. These dimensions indicate
a size classification of "Small". The hazard classification is "High"
(see Section 3.1.E).

The recommended Spillway Design Flood (SDF) for a dam having
the above classifications is one-half the Probable Maximum Flood (PMF)
to the PMF. For this dam, the PMF peak inflow is 3,230 cfs (see Appendix
C for HEC-1 inflow computations).

Comparison of the estimated PMF peak inflow of 3,230 cfs with
the estimated spillway discharge capacity of 210 cfs indicates that a
potential for overtopping of the Stovers Dam exists.

An estimate of the storage effect of the reservoir and routing
of the computed inflow hydrograph through the reservoir shows that this

S B
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dam does not have the necessary storage available to pass the PMF with-
out overtopping. The spillway-reservoir system can pass a flood event
equal to 11% of a PMF.

If the low area in the top of the dam would be raised to the
level of the top of the spillway walls (Elevation 542.3) the spillway-

reservoir system will still only be able to pass a flood event equal to
262 of a PMF.

E. Dam Break Evaluation

The calculations to determine the behavior of the dam in the
event of an overtopping and a resulting breaching of the embankment
indicates that there will be a substantial increase in water levels
downstream from the dam.

Several houses are located about 750 feet downstream from the
dam. On the basis of the results of the dam break analysis, using the
U.S. Army Corps of Engineers HEC-1 program, the water surface elevation
in the vicinity of the houses would be about 514.7 when the water surface
in the reservoir above the dam is just at the crest elevation (low
point) of the embankment (no overtopping). Refer to Talle 1, Appendix
C. Since this dam has been overtopped by the flood of record, and since
that flood did not cause a breach, it is estimated that a breach would
result when the water level reaches an elevation 0.5 feet higher than
the flood of record. It is expected that 30 percent of a PMF would
cause the water level in the lake to reach an elevation that would
result in a breach. Just prior to failure by the 30 percent PMF flow,
the water surface elevation downstream would be about 515.8. The
increase due to overtopping under no failure condition would be approxi-
mately (515.8 - 514.7) 1.1 feet. While more property would be exposed
to flooding, the increase to the danger of loss of life is not considered
significant. With failure, however, the breaching analysis indicates a
rise of about 4.1 feet above the flow level just prior to breach when
considering a 15 minute time to complete the breach and about a 1.8 feet
rise above flow level just prior to breach when considering a 2 hour
time to complete the breach. The increase in hazard to loss of life and
property damage is reflected not only in the increase in depth of water
of 4.1 feet in the 15 minute breach and 1.8 feet in the 2 hour breach,
but more significantly in the shorter time to reach the peak. Less time
would be available to respond to the flooding under the breach conditioms.

Being an earth embankment, it is judged that the breach would
be completed between the 15 minute and the 2 hour period. The numerical
difference of water levels is about 2.3 feet. The property damage would
be similar with either time. Again, however, the time factor is most
significant regarding loss of life. Calculations indicate that the -
water depth will increase at a rate of about 4.1 feet in 15 minutes
under the 15 minute breach condition.

-12 -
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On the basis of these calculations, it is concluded that the
hazard to loss of life and property damage is significantly increased

when the dam is overtopped as compared to the condition just prior to
overtopping. :

Refer to Table 1, Appendix C, for comparison of flood water
levels.

‘F. Spillway Adequacy

The small size category and high hazard category, in accordance

with the Corps of Engineers criteria and guidelines, indicates that the
Spillway Design Flood (SDF) for this dam should be one-half the Probable
Maximum Flood (PMF) to the full PMF.

The calculations show that the spillway discharge capacity and
reservoir storage capacity combine to handle 11% of the (PMF) without
overtopping the dam. These calculations have considered the existing
low point along the embankment crest.

Being an earth embankment dam, it is judged that a breach is
likely to develop when the depth of flow over the crest is 0.5 foot or
greater than the flood of record. These studies also indicate that the
depth of flow over the crest of the embankment due to one-half PMF is
more than the 0.5 foot criteria. On the basis of this information, it
is judged that a one-half PMF will cause overtopping of the embankment
and will most likely cause a breach. Therefore, the spillway capacity
is considered to be seriously inadequate.

The hydrologic analysis for this investigation was based upon
existing conditions of the watershed. The effects of future develop-
ment were not considered.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY
A. Visual Observations
1. Embankment

The poor vertical alignment and narrow and irregular
width of the top of the dam gave a poor impression of the dam. No
sloughage or cracking was noticed, but many gullys were in existence at
the top of the dam. The downstream slope is steep, and seepage was
evident at the toe. The dam has been in this condition for over 100

years and no failures have been reported, even though the dam was over-
topped in 1972.

2. Appurtenant Structures
The masonry spillway is in reasonablly good condition.
Some water is seeping through the masonry joints, indicating that the
embankment or natural ground in this area is somewhat pervious.

The blowoff valve was satisfactorily operated during the
inspection.

B. Design and Construction Data

Records of design or construction were not available for
review; thus, an evaluation of stability is not feasible. The embank-
ment slopes appear to be too steep for present good engineering practice.
The small width of the top of the dam and the lack of protection in this

area raises a question as to whether this embankment could again with-
stand any overtopping.

C. Operating Records

Records of operation were not available for review. Persons

living close to the dam stated that the dam overtopped during Agnes at
some of its low spots.

D. Post Construction Changes

Reference is made to Section 2.4.D for a discussion of changes
made to the dam. The installation of curbs along some parts of the
embankment to increase the height is no longer effective.

“- 14 =




3 el e ot G e T e R S e A e
o e it g A = v

'E. Seismic Stability

- This dam is located in Seismic Zone No.l and it is considered

g s e

that the static stability is sufficient to withstand minor earthquake
induced dynamic forces. However, no calculations, studiees, etc., were
A made to confirm this conclusion.
3
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SECTION 7 - ASSESSMENT & RECOMMENDATIONS

7.1 DAM ASSESSMENT

A. Safety

The visual inspection, the review of available information,
the operational history and the hydraulic calculations for this report
indicate that this dam is in poor condition. The downstream slope is
considered to be steep, although no signs of distress were noticed.
Seepage in an unknown quantity is occurring through the spillway walls
and the right (west) end of the embankment. The top of the dam, with
its irregular and narrow width and gullies is also a point of concern.

In accordance with the Corps of Engineers' evaluation guide-
lines, the combination of storage and spillway capacity is sufficient to
pass only 11 percent of the Probable Maximum Flood (PMF). Overtopping
of the dam with an inflow of 30 percent of the PMF would most likely
cause a failure of the dam. Such a failure would significantly increase
the hazard to loss of life downstream. The spillway is, therefore,
considered to be seriously inadequate.

B. Adequacy of Information

The available data is not considered sufficient to evaluate
the stability of the embankment or to assess the seriousness of the
seepage.

C. Urgency

Because of the inadequacy of the spillway of this dam and the
uncertainties regarding the seepage conditions and the stability of the
embankment, the recommendations presented in this report should be
implemented immediately.

D. Necessity for Additional Studies

The results of this inspection indicate the need for addit-
ional detailed hydrologic, hydraulic, and stability studies to determine
the requirements for improving the capacity of the spillway and to
evaluate the scepage conditions and the stability of the embankment.

B e—————
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i owner:

1.

2.

3.

7.2 RECOMMENDATIONS
A. Facilities

The following recommendations are presented for action by the

That a detailed hydrologic and hydraulic engineering
investigation be conducted by a qualified professional
engineer to determine what measures can be taken to
improve the capacity of the spillway and to evaluate the
slope seepage condition and the stability of the embank-
ment.

That the crest of the embankment be raised immediately to
a uniform elevation as the initial step to the overall
improvements to the dam.

That a positive method of closing the upstream end of the
outlet pipe be established for use in an emergency.

B. Operation and Maintenance Procedures

cedures:

1.

2.

It is recommended that the owner initiate the following pro-

A regular maintenance of the embankment slopes and crest
of dam.

A twice a year schedule of greasing and operation of the
drawdown valves.

The development of a formal surveillance and downstream
warning system to be used during periods of high or
prolonged precipitation.
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CHECKLIST OF VISUAL INSPECTION REPORT




CHECK LIST

PHASE | - VISUAL INSPECTION REPORT

PA DER # 38-5 NDI_NO. PA-00 600

NAME OF DAM Stovers HAZARD CATEGORY High | -
: TYPE OF DAM __ Earthfill | ]
5 City of Lebanon and | 4
, LOCATION North Lebanon TOWNSHIP  Lebanon COUNTY, PENNSYLVANIA | 3
7 |
INSPECTION DATE 11/15/78  WEATHER Sunny TEMPERATURE  50's !
| INSPECTORS: H. Jongsma _(Recorder) OWNER'S REPRESENTATIVE(s) : ‘
g R. Steacy Ken Barrick - City of Lebanon ;

Parks Department
A. Bartlett

| E
NORMAL POOL ELEVATION: 537.0 AT TIME OF INSPECTION: |
BREAST ELEVATION: 542.0 POOL ELEVATION: 534.6
SPILLWAY ELEVATION: 537 TAILWATER ELEVATION:

MAXIMUM RECORDED POOL ELEVATION: Agnes (14 inches below top wall at
spillway. Overtopped for 2 hours 1/2" :
GENERAL COMMENTS: over dam. 3

Bought by City of Lebanon from Bethlehem Steel Corporation in 1976.
During Agnes watcr overtopped east abutment and caused erosion. ‘
Spillway approach vas repaved. i
Lake drained in 1972. ’
Upstream is paved all the way by brick. !
Dam was closely observed during Agnes by local residents and city
representatives.
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L2 R IR A A S

NDI NO. PA-00__ 600 _
VISUAL INSPECTION

EMBANKMENT

[TA. SURFACE CRACKS

OBSERVATIONS AND REMARKS

e T ——— et rC————————eE——=2)

None.

B. UNUSUAL MOVEMENT
BEYOND TOE

No movement. Toe is wet and swampy.

| C. SLOUGHING OR EROSION

OF EMBANKMENT OR
ABUTMENT SLOPES

Upstream slope very irregular. Mostly cemented.

Considerable erosion on top of dam, partially
caused by foot traffic.

Erosion gullys on downstream breast and slopes.

D. ALIGNMENT OF CREST:
HOR i ZONTAL:
VERTICAL:

e

Fair.
Poor.

E. RIPRAP FAILURES

No riprap.

F. JUNCTION EMBANKMENT
& ABUTMENT OR
SPILLWAY

West abutment junction o.k., -although a low
spot 25 feet away from abutment. East
abutment ties into road.

G. SEEPAGE

Toe is wet over most of its length west of
valve chamber. Ground is soft up to one
foot above toe. Seepage in spillway.

H. DRAINS
7 None detected.
J. GAGES & RECORDER
None.
K. COVER (GROWTH)

Upstream - some cemented, some concrete walls,
some sloughage.
Breast - no cover.

EEES SAF NGRS RS TR s s 2l
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NDI NO. PA-00 600

VISUAL INSPECTION
OUTLET WORKS

OBSERVATIONS AND REMARKS

: A. INTAKE STRUCTURE

Flat concrete tower. No entrance, sealed off.
Steel grating installed over intake in 1973.

B. OUTLET STRUCTURE

Valve house with 12-inch pipe.

e e
C. OUTLET CHANNEL

Narrow and full of weeds.

In valve house one operable valve and 2 non-operable
gate valves.

E. EMERGENCY GATE

12-inch valve, partially opened during inspection.

| F. OPERATION ¢
CONTROL

Seldom opened, last in 1972 to drain lake and
1974 and 1976 for fish management.

G, BRIDGE [ACCESS)

P ———— T ———————— AR O
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NDI NO. PA-00 600
VISUAL INSPECTION

R LO T STmAY
| DBSERVATTORS AND RERARKS™
- RPPRORCH CRAREL

Concrete approach, dipped in center.

B. WEIR:
Crest Condition |Broadcrested weir with a two foot drop.
Cracks Seeping through this drop.
Deterioration Walls and weir in reasonablely good condition.
Foundation
Abutments

T DISCHARGE CHANNEL:

Lining Concrete slab and stone walls in good condition.
Cracks

Stilling Basin |Stone walls, water seeping through drop section.

D. BRIDGE & PIERS

None.

E. GATES & OPERATION
EQUIPMENT None.

[ F. CONTROL ¢ HISTORY
None.

e
A-b
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| NDI NO. PA-00 600
; VISUAL INSPECTION

OBSERVATIONS AND REMARKS

o I NSTRUMENTAT ION

Monumentation None.

Observation Wells |None.

o

Weirs : None. i
Piezometers None.
Staff Gauge None.
Other None.

RESERVOIR i
Slopes Mostly flat. ‘

Good bit of sedimentation at bottom, about 2 feet
deep. Less sedimentation at present by controlled

farming.

Sedimentation

Watershed

Description Agriculture and some housing developments.

DOWNSTREAM CHANNEL

. Open flat terrain; baseball park, cemetery,
Condition

houses. |
Slopes Grassed, developed. %
Approximate
Population 20

94
No. Homes 4 to 5 houses before joining Little Brandywine
Creek.
©
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APPENDIX B

CHECKLIST OF ENGINEERING DATA
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CHECK LIST
(“/) ENGINEERING DATA

PA DER # 38-5 ND!I NO. PA-00 600

NAME OF DAM Stovers Dam

ITEM REMARKS

AS-BUILT DRAWINGS None

REGIONAL VICINITY MAP U.S.G.S. Quadrangle Lebanon
See Plate |1, Appendix F

CONSTRUCTION HISTORY Constructed around 1820, raised in 1868.

GENERAL PLAN OF DAM

TYPICAL SECTIONS
OF DAM

OUTLETS:
PLAN
DETAILS
CONSTRAINTS
DISCHARGE RATINGS
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NDI NO. PA-00__ 600

1) O) , ENGINEERING DATA

! ITEM REMARKS
|

RAINFALL & None, except that 5.1 inch of rain fell in one
: RESERVOIR RECORDS hour in Lebanon on July 10, 1914 and overtopped
[ a low area near the spillway.

DESIGN REPORTS None.

GEOLOGY REPORTS None.

DESIGN COMPUTATIONS: None.
HYDROLOGY &
HYDRAULICS

DAM STABILITY
SEEPAGE STUDIES

MATERIALS INVESTIGATIONS: |None.
BORING RECORDS
LABORATORY
FIELD

POST CONSTRUCTION None.
SURVEYS OF DAM

BORROW SOURCES Unknown.




ENGINEERING DATA

ITEM

REMARKS

MONITORING SYSTEMS

MODIF ICATIONS

Raised around 1868.

Walls built on crest around 1927 to contain fill
and raise dam,

HIGH POOL RECORDS

Overtopped at low spot near spillway in 1914.
Overtopped at several places during Agnes (1972).

POST CONSTRUCT ION
ENGINEERING STUDIES
& REPORTS

None, except inspection reports.

PRIOR ACCIDENTS OR
FAILURE OF DAM

Description:

Reports:

0verto§ped, see above. - No reports.

MAINTENANCE &
OPERATION RECORDS

None.

SPILLWAY PLAN, SECTIONS
AND DETAILS

None.
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NDI NO. PA-00_600

ENGINEERING DATA

? ITEM REMARKS
?
é OPERATING EQUIPMENT, No plans or details. Valve pit downstream with i
% PLANS & DETAILS 12-inch pipe and valve.
i
CONSTRUCTION RECORDS None.

PREVIOUS INSPECTION
REPORTS & DEFICIENCIES

Inspection reports indicate leakage at toe and
from a spring in right abutment since 1915.
Brush and tree growth on downstream slope.
Uneven breast since 1920.

MISCELLANEOUS

Some photographs since 1915.

e ————
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NDI NO. PA-00 600

CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Farmland and house developments.

ELEVATION:

TOP NORMAL POOL & STORAGE CAPACITY: Elev. 337 215 Acre-Feet

TOP FLOOD CONTROL POOL é STORAGE CAPACITY: Elev.539.7 282Acre-Feet

MAXIMUM DESIGN POOL: Elev. 542.3

TOP DAM: (low point in embankment) Elev. 539.7

SPILLWAY:

a. Elevation 537
b. Type Uncontrolled broad crested weir.
c. Width 18 feet.
d. Length 70 feet

e. Location Spillover Left side of embankment

f. Number and Type of Gates None.

OUTLET WORKS:

a. Type 12-inch pipe with two 12-inch valves.

b. Location Valve chamber at downstream toe.

c. Entrance inverts 517

d. Exit inverts 515

e. Emergency drawdown facilities 12-inch blowoff.

HYDROMETEOROLOG I CAL GAGES:

a.  Type None.

b. Location None.

c. Records None.

MAXIMUM NON-DAMAGING DISCHARGE: 850 cfs.

B-5
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HYDROLOGY AND HYDRAULIC CALCULATIONS

APPENDIX C
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SUMMARY DESCRIPTION
OF
FLOOD HYDROGRAPH PACKAGE (HEC-1)
DAM SAFETY VERSION

The hydrologic and hydraulic evaluation for this inspection report
has employed computer techniques using the Corps of Engineers computer
program identified as the Flood Hydrograph Package (HEC-1) Dam Safety
Version.

The program has been designed to enable the user to perform two
basic types of hydrologic analyses: (1) the evaluation of the over-
. topping potential of the dam, and (2) the capability to estimate the
L downstream hydrologic-hydraulic consequences resulting from assumed
structural failures of the dam. A brief summary of the computation
procedures typically used in the dam overtopping analysis is shown
below.

f - Development of an inflow hydrograph to the reservoir.

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

i A - Routing of the outflow hydrograph(s) of the reservoir to
desired downstream locations. The results provide the peak
discharge, time of the peak discharge and maximum stage of
each routed hydrograph at the outlet of the reach.

The output data provided by this program permits the comparison of
downstream conditions just prior to a breach failure with that after a
breach failure and the determination as to whether or not there is a
significant increase in the hazard to loss of life as a result of such a

failure.

The results of the studies conducted for this report are presented 5
in Section 5. .

For detailed information regarding this program refer to the Users
Manual for the Flood Hydrograph Package (HEC-1) Dam Safety Version
prepared by the Hydrologic Engineering Center, U. S. Army Corps of
Engineers, Davis, California.
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f TTITONY SAFETY VERSION — LY 1978 e QUERTQPRIMS —AMALYSLS
$ @ ¢ LAST NODIFICATION 21 AUG 78 : e
ki L SRR AR AR RN J
aiage; Al STOVERS DA ™ ~#3%8 “BRANCH OF BRANDYWINE CREEX
1 ' : 2 A2 NORTH LEBANON TWP,» LEBANON COUNTY» PA,
. : 3 A3 NDI & PA-00600  PA DER # 38-5
5 ; :lﬁog — 0 15 ¢ 0 0 0 0" =4 0
3 h L )
b . S o J 1 9 1 :
E' i W15 "5 T AT TN TS TR
. g K 1 1
1 9 K1 INFLOW HYDROGRAPH
; —10 g e © S g 1 ;
4 o 1 P 2.2 M3 123 12 143 X
{ e 12 T - : _ ‘ 1,05
R - 13 m." ] . ; A ]
: 2 14 X =15 =05 2
§ 15 K 1 2 1 :
i s 18 K1 : RESERVOIR ROUTING :
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owe . SR ' PREVIEW OF SEQUENCE OF STREAN NETUORK CALCULATIONS
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2 A SO "t RUNOFF WYDROGRAPH AT 1
s ROUTE HYDROGRAPH TO 2
S - ROUTE HYDROGRAPH TO 1
~ 1! ,., ST ; ROUTE HYDROGRAPH TO 8 . ;
§ e 3 END OF NETWORK ' : |
; ' |
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STOVERS DAN 8838 BRANCH OF DRANDYMINE CREEK 4o
NORTH LEBANON TWP.» LEBANON COUNTYs PA.

NDI-$-PA-00600—PA DER #38-5- - — e
; , A . g : " - . ,;4,'
JOB SPECIFICATION : 3 Eeous: o
NHR—NNIN —TDAY —"IHR "~ ININ — NETRC — IPLT —TIPRT—NSTAN .
WD 0 0 0 - 0. -4 0
JOPER  WT LROPT  TRACE : R
.':{ L s a o | . My | F r,."s‘A $ '_“..-f.° BT ° g it alle 7 £ ; RN 2 Teatity 5 57— % P
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RTIOS= 1.00 o9 %) +30 o195 10 407 +09 ] 102 "
v : ' 5o ot gl e\ ¢ g . tas P
B T T R i ————
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ISTAQ ICONP 1IECON 1ITAPE - JPLT  JPRT INANE ISTAGE IAUTO
o GSIES. b WSS e Mo \Rou eSS
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Sttt 1 1 1,0 0,00 1,10 0,00 0,000 govagl ooy - '

PRECIP DATA o NS
SPFE PHS Ré R12 R24 R8 R72  R9S
0,00 23,20 113,00 123,00 132,00 143,00 0,00 0.00
T TRSPC'CONPUTED BY THE PROGRAN IS —,800 v
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..+ LROPTT STRKR™ DLTKR ~ RTIOL™ ERAIN ~~ STRKS ~~RTIOK — STRTL ™ CNSTL ~ ALSMX RTINP™
i pLNE 0 0,00 9:C0 1.00 0,00 0.00 1,00 1,00 05 0,00 0.00
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oy e 247 (= .85 WA= 0
—-J‘ % S G e RECESSIW DATA TRy R R ._’...:&.--._4_...,...,._"..“.._‘ : :
STRT@= -1,50 @ORCSN=  -.05  RTIOR= 2,00 :
Ty Ty s e oo UNET HYDROGRAPH 24 END-OF-PERIOD ORDINATES, LAG= ~"2,46 HOURS, CP=",827 VL= 1,00 .
e DRESN 11, 40, M. 109, 141, 1704 197, 21, 238, 243.. 4
; X 239, 228, 212, 190, 161, 120, 80, - M, . 36 A, 2
B 16+ i1, /e e S e .
0 END-OF-PERIOD FLOW

T 7 MOATHR.MNTPERIOD T RAIN T EXCS 0SS COMP @™ NO.DATHR.NN™ PERIOD ™ RAIN™ EXCS™ LOSS ™ CONP O™

. /

L e - €620 61300 81,00 1956,58)
~
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] At ssaansens SsessRNNs s sassssasss sssassaass
HYDROGRAPH ROUTING

TSN 26,54 24013 21 T 69006 |
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HYDROGRAPH ROUTING
RESERVOIR ROUTING ~ — : s

ISTAQ  ICOMP IECON ITAPE  JPLT  JPRT INAME ISTAGE IAUTO
- D 0 0 0 0 1 0 0

B
st umnn-.m‘

g " ROUTING DATA™ =~ ” .
QLOSS CLOSS  AVG IRES ISANE  IOPT  IPNP LSTR
0.0 0.000 0.00 1 0 0 ¢ 0

NSTPS NSTDL  LAG  AMSKK X  TSK STORA ISPRAT

3370 3375 338.0 538.5 339.0 339.5 340,0 40,5 41,0 Sl
342,0 42,3 43,5 45,5 .

0 15, 0, o 130, 200, %5, 30, . M0, 600
00, 10, T 865, :

& 20 . M Sk = :

0. 5,791 700,
505, - 537, 540, . 550,

‘
ot i eariin 2l - P

CREL SPVID COON  EXPW ELEVL  COOL CAREA  EXPL
3,0 00 00 00 00 0.0 00 0.0

DAN DATA ' ' s ~
TOPEL  COOD  EXPD DANMID :
977007 0,000,

3196, AT TINE 42,25 HOURS

L kSl it i

2397, AT TINE 42,25 HOURS

13598, AT TINE 42,25 HOURS

858, AT TINE 42,75 HOURS

oo« 50 o N . 8 e

- "~
337, AT TINE 43,50 HOURS ;
214, AT TINE 43,50 HOURS ;
139, AT TINE 43.50 HOURS e
. 0 . {

894 AT TINE 43,75 HOURS

28, AT TINE 44,00 HOURS
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| P A ' HYDROGRAPH ROUTING =~ _ A P
'_ e REACH2-3 : .
1STAQ —TCONP ™ TECOH — ITAPE =~ JPLT ~~~ JPRT ~~INANE ~ ISTAGE — IAUTO ™~ "~
1 _ 3 1 0 s .. 1 0 0 :
1 \_J ROUTING DATA
o ————QL0S5— CLOSS ™ AVG ~IRES ~ ISAME™ ~IOPT~ IPNP LSTR
e e g 00 0,000 000 1 0 0: o 0 SR <
usws*'sm""m ANSKK = = X TSK™STORA™ ISPRAT o
1 o 0 0000 0000 0000 0. 0 X
',‘. ) \'.,.‘.. ,. X = 3§ 3 s : ) - -
% .- ‘ ’ . r ;
NORMAL DEPTH CHANNEL ROUTING
3
TN 0N ONCE)  ELWWT— ELWAXRUNTH — SEL -
é ©.0600 000 0600 515.0 540,0 350, 00600
3 CROSS SECTION COORDINATES--STAsELEV»STAs ELEV—ETC .
/ T 0,007 530,007 200,007520,00 800,007 517,00 ~ 801.00™ 515,00 810,00 515,00 : SR
| ST 811,00 517,00 630,00 520,00 1050,00 540,00 A
STORAGE 0 0 0" g 17, 2%, 3, R 51,
8. . 81, 91, 102, 112, 123, 134, 144, 156.
— IR 0 385 1631052, * 3708, 8875, 15851, 24515, 34807, ——464%.
‘ 0169, 75224, 92802, 112637, 134083, 157108, 181685, 207790, 235404, 264511,
BTAGE——515:0 5163 517:6—"518.9 """ 520,3 " 52046 — 5229524, 2" 525,5 """ 526.¢
582 SAS 5308 5320 534 SM S S ST 5400
— RN 0 /163 1052, 3708, 8875, 15851, 24515:— 34807, 4&496.
y 50169, 75224, 92802, 112637, 134083, 157108, 181685, 207790, 235404,  264511. é
—WAXTHUN STAGE 15 —520,0 : ey :
NAXINUN STAGE IS 519.6
7 NAXIMUM STAGE IS 519.2
= WAXTRUN STAGE TS —518;7 e x
© MAXINM STAGE IS 5179

Yoaqbr ¥

g U MAXIN STAGE IS 517.7

Pl R e ety
 WAXINON STAGE IS 516.9

L

© | ()M STAGE IS 516.0
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HYDROGRAPH ROUTING

0LOSS " CLOSS ™ AVG™ IRES™™ ISAME "~ "IOPT— IPNP— ™~
0.0 0,000

RGABA 3 FCOMP “TIECON "~ ITAPE ™ JPLT ™~ JPRT ~ INAME ~ISTAGE — IAUTO
A i 0 0 0 0 0 0 0
ROUTING DATA '

LoIK
T e S 0

NSTPS ™ NSTDL ™ ~LAG ™~ AMSKK™™ ~— X ™ TS5k STORA “ISPRAT

1 0 0 0,000 0,000 0,000 0. 0

NORMAL DEPTH CHANNEL ROUTING

+0600  ,0400

GN(1)—QN(2)—QN(3) — ELNVT —ELMAX —RUNTH "~ SEL
0600 512,0 540,0

300, 401000

0,007530,00 ~ 250,00 520,00 830,00 ~ 514,00 831,00 512,00 "840,00 512,00
841,00 514,00 900,00 520,00 1100,00 540.00

CROSS SECTION COORDINATES--STA)ELEV)STA/ELEV--ETC

STORAGE 2 0 G YRS Ry | 18, 25, 7} a.
8, 59, 68, . 89, 9. 110. 121, 132, 143.
= OUTFLO — 05 59 267712787 " 3780, 316 15943, 26557 39632 55144
: COTMI M2 A16B19, 145033, 176631, 210892, 247769, 287225, 329228, 373754
-5 BTABE"512,0™ 5135 5149 516,47 517,9 T 519,47 520,8 52,3 5238 525, |
5267 5282 59,7 SM.2 536 53 5356 530 5385 SA0.C
FLO— 0 59 2670 1278, TR0 T B3 T 1S0A3, T 26557 39632 55164
TN M2, MB1S  MS03. 176631 210892, 2479, 8725, 3By IIH.
T HAXINURTSTAGE TS 517.4 S
NAXIHUN STAGE IS 5171
U MAIN STWBE IS 51646
T HAXTMUN STAGE TS 515.8 S
HAXINOH STAGE IS 515.0
' | NAXINUM STAGE IS 5144
T WAXIMURSTAGE IS 514.0
" WAKINUM STAGE 1S 5137
( | NAXINUN STAGE IS 512,7 "
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m FLOW AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COI(PUTATIO"S

FLOWS IN CUBIC FEET PER SECOND (CURIC METERS PER SECOND)
AREA IN SQUARE NILES (SQUARE KILOMETERS)

RATIOS APPLIED TO FLOWS

WTIW STATION AREA™PLAN RATIO 17 RATIO 27 RATIO 3 RATIO 4 "RATIO 5™ RATIO & RATIO™ 7‘”1’10"8 RATIO™ ©

PMF—— W.S.ELEV"OVER DAN— "AC-FT "CFS™™ " HOURS

1,00 75 R " S S R Sss
NVDROGRAPH AT ' 1T L0 1 328 2020, 1M, %8, 48N, 32 . 26 18l 6.
S (289 C PLADC 6B.S6C 457000 22400 1700 G0 60 A4S 1,63
ROUTED TO 2 L0 - 1 3% 2397, 159, @8, 3, WA 139 8. 2

' (2,85 (AN 280 ASM0 0,300 DSHC 6000 1IN 1IN L8
ROUTED T0 3 L0 1 39 2/ 15w, 6% 3. A4 139 8. %
S et (2,85 (90,520 62.88)( 45,280 202100  9S0(  6060C  392C  250C 81
ROUTED T0 4 1.0 1 398, 2400, 1595, 657, 3. M4 - 139 8. 20
. ¢ 2.85) ( FSH @ID0 ASI0C 20 S0 000 IIC 23 80

1 SUNNARY OF DAN SAFETY ANALYSIS - e y
LEE P 1 sossnnvsnrsses INITIAL VALUE  SPILLWAY CREST  TOP OF DAW

ELEVATION 537,00 537,00 539,70

: — STORAGE 215,918, - 282,

RATIO - MAXINUK  MAXINUN  WXIMUN  WAXINUM  DURATION  TINE OF  TINE OF
OF  RESERVOIR  DEPTH  STORAGE  OUTFLOW  OVER TOP  MAX OUTFLOW  FAILURE

HOURS

m..—...—........ et R
e e

- - .o P

B

- —— — — . — — - ——— —

o L i

aieglyy " HOURS
S 1,00 543,35 3,65 406, 9%, 11,00 42,25 0.00
75 542,90 3,20 389, 7T72397, 7771000 2,25 0,00
+50 542,45 2,75 73, 1598, 8.75 42,25 0.00
% 541,793 2,23 355, 858, 7,00 42,75 0,00
PR W5 540,42 -y - P o - & 4,00 43,50 0,00
A R 539,61 0,00 279, 214, 0,00 43,50 - 0.00
Par 407 539,06 0.00 264, 139, 0,00 43,50 ° 0,00
T +05 538,63 0,00 T 252, T 89,0400 43,75 0.00
it 402 530,77 0,00 - 231, 28, 0,00 44,00 0,00
AV e it
R 5 CTTTTONAXINUM  MAXTNUM T TIME
- RATIO  FLOWSCFS  STAGESFT  HOURS
el Ty, 00T MY T U820,07 42425
SRy 75 2397, 519.6 42,25
g R +50 1599, 519.2 42,25
B | §5C, 30 " 857, 518,77 42,95
o 5 337, 517.9 43,50
' 10 214, 517.7 43,50
RER W07 139, 517,47 43,75 5
’-;.;-‘-."‘,:‘1, W05 89, 516,9 43,75
i W02 28, 44,00
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PR S WP W SR A

ATrhd N, LR

i B

NAXTHUM

R

NAXINUN  TIME

RATIO__ FLOWCFS __ STABEIFT __ HOURS

sl

il SR D e N

1,00 3198, 5176 42,25
W79 2400, S17.4 42,25
< 450 1595, S16.6 7 42,25
30 857, 515.8 43,00
% o5 78 515.0 43,50
g 10 214, 14.677743,50
! 07 - 139, 14,0 43,75
W05 89, $13.7 43,75
g s bl G 02 28, 512,77 44,00
’_ 1R LRRERERRRERERARARALLINR
* FLOOD HYDROGRAPH PACKAGE (HEC-1)
T DAN SAFETY VERSION — JULY 1978
: LAST MODIFICATION 21 AUG 78
SERLERREREF RRRRRSSRARUSASRRILALY
T EDT ENCOUNTERED,
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O T i, A i s : ANALYSIS
£ FLOOD HYDROGRAPH PACKAGE (HEC-1) AeEAcH Ve 8
E L DAN SAFETY VERSION  JuLY 1978 "
;; LAST MODIFICATION 21 AUG 78
: R 1 Sy ST
; r 1 Al STOVERS DAM  &8%8 BRANCH OF BRANDYWINE CREEK
&) 2 A2 NORTH LEBANON TWP.+ LEBANON COUNTYs PA.
3 A3™ NDI 4'PA-00400 PADER $38-5 — ~ "~ :
; A 8 P30 0 15 0 0 0 0 0 - 0
B 5 M 5
3= § e gy y AR SO AN S SR U SR . T
E 'n 7 Jd 3 {
i 8 K 1 1 |
g y Kt i e o e S e e T
' n 10 N g £t 1
1 P B2 M3 13 12 143
! 3 '1§ T : 177,05 s g
4 | ot 1 Vo247 85 ;
4 | ”‘ 1 X 15 -05 2 |
: = 15 K_..._l____.z v g ¥ e iy . --__.l_ S l
G ' 16 K1 RESERVOIR ROUTING - DAM BREAK
' 17 Y 1 1
Ly ls B2 Yl S l"'" B S e B e '."“215 5 - ‘_l S A G ot Lo bt i = o o
Py 19 Y4 53 53,5 538 5385 539 5395 540 5405 Sl SAL.S :
20 Y4 542 5423 S43.5 545.5 | §
[k 2 B0 BN BTN eTwW e —— 8
Y 2 YS 900 1340 3467 8655 ‘
| 3 . 9N M N
r e 2 $ES04:75 537050
B N 5 $ 53
e 2% - D 539.7 0 0 0
27 S S GNEES GEE CAREC V0OT e . Stecmciostue
®» 2 $f 50 150 S5 537 SALY
2 50 1 52 1 537 S41.9
T —30 | S rmE W s S o . eeessueecbuns v
. {1 8 50 1 52 4 537 5L
iR 2 K 1 3 1
3 ki bt ST e s e s P
® ] Y 1 1 !
3 w1 . 5
Fr 3 Y606 L0408 51577540 T 350 7,006 ’
N K] Y7 0 5% 200 50 800 517 80 S5 810 515
38 Y7 811 517 880 520 .1050 540 %
= — —— A g R ER S
N 40 K1 REACH 3 - 4
A Y 1 1 E
b "—i _ s — |8
[y 43 Y6 06 04 06 512 540 300 L0 3
it 7 Y7 0 530 250 520 830 514 831 S12 840 512 3
" 45 Y77TBMTOSIA T 900 5207 1100 540 T g, : i
» . [} K 9
1 PREVIEW OF SEQUENCE OF STREAN NETWORK CALCULATIONS E
D, RUNOFF HYDROGRAPH AT 1
; ROUTE HYDROGRAPH TO 2
e = ROUTE HYDROGRAPH TO ="~~~ 3 ~~
(\) ROUTE HYDROGRAPH TO 4
’ END OF NETWORK
PLSIRE
M LT T A T T
&7 FLOOD HYDROGRAPH PACKAGE (HEC-1) BTN SO, i
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" < . A ooy Per” L
- et e b i o s i A RPN EET PR IO S




gl 2/19
—— ———— =
e STOVERS DAN  #888 BRANCH OF BRANDYWINE CREEK
o NORTH LEBANON TWP.s LEBANON COUNTY, PA,
: ‘ NDI"# PA-00600PA DER ¢ 38-5 "
S JOB SPECIFICATION
o NQNHR ™~ NNIN —IDAY" IHR "~ ININ — NETRC ——IPLT—IPRT — NSTAN
Q. % 300 0 .l 8 0 0 0 0 4. 0 -
e JOPER  NWT  LROPT  TRACE ;
Ut - A P O Ao
Fie .
.;v’i-)“"'}ﬂ
"WULTI-PLAN ANALYSES TO BE PERFORNED
@ ' | . WPLAN= 5 NRTIO= 1 LRTIO= 1
v RTIOS= - .30
BT E AR srnnn pLitiiiiil] sERRRLRINE pittetiiil
,.";t‘ e
] R _ SUB-AREA RUNOFF CONPUTATION
@ i - INFLOW HYDROGRAPH -
ISTAQ ICONP IECON ITAPE  JPLT  JPRT INAME ISTAGE IAUTO
T AT o ¥V 0 0 0 BN S TE o oR
. ' '
R : HYDROGRAPH [ATA
i . INYDG ™ TUNG™ TAREA™  SNAP  TRSDA ~ TRSPC™ RATIO ~ISNOW ™~ ISAME — LOCML™
q v 1 1 1,0 0,00 1.0 0,00 0.000 0 1 0
R e " PRECIP DATA &
@i’ SPFE  PMS R6 RI2 RM R R72  R9
0,00 23,20 113,00 123,00 132,00 143,00 0,00 0,00
“—ﬁmm BY "THE" PROGRAN 1S 800
ﬁ
LOSS DATA
i LROPT "~ STRKR ~ DLTKR ™ "RTIOL ~"ERAIN ~STRKS ~RTIOK™ ~STRTL ~~CNSTL ™ "ALSNX ™~ RTINP ——
~ 0 0,00 000 1,00 000 000 1,00 1,00 .05 0,00 0.00
S R R L e B I ONIT HYDROGRAPH DATA  ~ ~ ~ ” &
™ TPz 2,47 CP= .85 NTA= 0
5 RS <7 RECESSION DATA o i
[ STRTO=  -1,50  ORCSN=  -,05  RTIOR= 2,00
ot
- " "UNIT HYDROGRAPH 24 END-OF-PERIOD ORDINATES, LAG= 2,46 HOURS» CP= .827VOL= 100~~~ ~
& 1, 40, Mo 109, 1. 10, 197 21, 288, 243,
229, 28, A2, 190, 1. 120, 80, 54, 3%, 2,
1611, g e RS T R e T e R Y T
"\l "
0 END-OF-FERIOD FLOW
HO.DA™HR.MN PERIOD ~ RAIN EXCS LOSS ~CONP O~ WO.DA HR.N "PERIOD ~ RAIN  EXCS — LOSS ™ COWP (
N
(_,/‘ P I G 26,54 24013 2,417 69096
i (674400 61300 61400 19565
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~+ UNIT HYDROGRAPH 24 END-OF-PERIOD ORDINATES, LAG= "'2-“ uwas._cr-".az VoL= 1,007
e - 400 ' U ,l, 109, 1“. ; 170, ;'."70 & 2, 238,
239, 228, A2, - ( 190, : l“o W ‘2°o “0 - ¢« 3bo

243, -

4,

"”'?74

i L3 q AR 4
Fien 9«‘ ~‘.;'r. SR A

STET

et A "_l‘. bt llo LRl I .{;“\:,":'-' vSO ¥ l.F “ly '- I PR L B S i v

END-OF-PERIOD FLOMW

¢

Cki

¥

5 m.u“ IR.M'TERIM RAIN""EXCS"“LGSS CO!IP ﬂ m.nrm.m‘mmn“‘km“ EXBS"'EOSS""'COIIP‘  pc e

TR T T RO T T T T i smtf*zs.'srzmr—zm 89096,
T et ' 1 Sy SN 1300 81000 1956.58) ¢ ©
"y 80 P E "‘. ! . e 5 o L S Uifaglt ,‘
,':‘ &t ;.,’ -. ‘ t 3 <y 3 -"";;..
- s Mo g tmmm SERRRRREEE
S L R R maosmu ROUTING e
= RESERVOIR ROUTING =" DAK BREAK " : : o g
ISTAD  ICONP . [ECON ~ITAPE . JPLT ° JPRT.. INAE ISTAGE ~ IAUTO :
2 Sl e Sl i~ - 4 0 :
*i' :,-s 3',‘ ' (‘.:‘ AT St gt ‘;"‘ - g T g AT S ./',." . F _'L‘:
PN RGN AR O D L L PLANS WAVE SANE - T e T e
BT el S i
T e ey OL0SS ™ CLOSS ™ UG~ TRES ~ ISAHE —T0PT—— IPHP ISR
@i T 00 00000 0 0000 AR e e

i

T T NSTPS TNSTOLTLAG ™ AMSKK "X "TSK ™ STORA TSPRAT

R O S R R 1 0. 0 0.000 0.000'_ 0,000 215, -1

““‘"——‘smr"“"w.o §37,5 " 538,0 538,5 539.0 TSI ~ 540, ~540,5

e 542.0 342.3 943,35 5.5

S0 1) B

FLON 0. 13, “40, 78T 130, “2004 265, 350+

EE T R R T T

440,

e BURFACE MREA 20 TR g

CAPACITY= | 0. 215, . 291, 700,

euvmom‘ NS ST s SN,

O CREL ™ SPWID ™ COOW — EXPY ™ ELEVL " COOL ™ CAREA™~ EXPL—
Ll S LR W00 00 00 00 00 00 00

600.

r DAN DATA — 7
 TOPEL - COOD  EXPD DAMNID

$39.7 0.0 0.0 0,

rawe s mrmer tee

DA BREACH DATA
BRUID I ELBN TFAIL  WSEL FAILEL

T e e T TR TS LT

PEM OUTFLOW IS 14039, AT TINE 42,75 HOURS

PR S . *w-
e ’ : ; : BURTHN B { 37 b
um IM mun AT 42,80 NOuke e A ] iy N i
“ . ! =

—( l‘ﬂ! “DAN BREACH HYDROGRAPH WAS DEVELOPED USING A TINE INTERVAL OF ~,005 HOURS DURING™ BREACH FORNATION.
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