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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. In
cases where the reservoir was lowered or drained prior to inspection,
such action, while improving the stability and safety of the dais, 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.

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 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 spiliway design flood is based on the estimated “Probable Maximum
Flood” for the region (greatest reasonably possible storm runoff), or
fractions thereof. The spiliway design flood provides a measure of
relative spill.,ay capacity and serves as an aid in determining the need
f or more detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage potential.

-. 

- I  \C ‘4L j L~~C~~~
3i. I!- C— c~~~~--\

S j

_ _  ~I (0  ~~ 
- 

3
- . -

~~~~~~~~
- .-,.

~~~
—-——

~
--.—.--—- - —-.— — -.- — . - — 

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



rr- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

if 
___________ ____________________. .  —- — . - . -  

-

F

C)
PHASE I REPORT

NATIONAL DAN INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

Name of Dam: STOVERS LAKE DAN, 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 perforiance 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 (P1(P) and the spiliway 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 spilivay 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

C 
regular maintenance of the embankment slopes.
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5. That the blowoff facilities be operated and serviced at least
twice a year .

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

SUBMITT~ ) IT: APPROVE BY:

SERGEi ASSOCIATES, INC.
HARRISBURG, PENNSYLVANIA

DATE: February 20, 1979 C. K. WITHERS
Colonel, Corps of Engineers
District Engineer
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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

SECTION 1 — PROJECT INFORMATION

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 hazar.d to
- - human life and property. -

1.2 DESCRIPTION OF PROJECT

A. Description of Dam and App!lrtenaaces

~ Stayers Dam is a 16 + year old earthf ill embankment with a
masonry spiliway 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
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
controlr)

B. Location: •— . ~
?City of Lebanon & North Lebanon Township,
Lebanon County, U.S. Quadrangle, Lebanon , PA.,..
Latitude 40°—20.8’, longitude 76 —24.2’

- - - (Appendix F, Plates I and II)

C. Size Classification: Small (282 acre—feet , height 25 feet )

D. Hazard Classification: High (See Section 3.l.E) • 
-
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L) E. Ownership: City of Lebanon
Lebanon Recreation Department
400 South 8th Street

- Lebanon, Pennsylvania 17042

F. Purpose: Public Recreation (Fishing and Boating)

C. 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. In 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, Lebaüon Plant. The
am 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.

H. Normal Operating Procedures

There are no formal operating procedures. All inflow is
either stored below spiliway crest or discharged over the spiliway.

- 
- 

Seepage through embankment or foundation generally keeps the water level
below spillway elevation.

1.3 PERTINENT DATA

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 Append ix C for hydraulic calculations

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

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

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

Warm water outlet None

0 - 2 -

—.5—— — - 5 — .5- - — — —  —~— - - - .
~v5~r 

- - - - , -

- , _ _
. _~~•S ~- •

-.5- 

- 
.5 : ~~~~~~~~~~~~~~~~~~~~~~~ ~~—

—--—



_ _  _ _  _ _ _  _  I
—

S

Outlet works low pool outlet at pool Elev.520 4

Outlet works at pool level Elev.537 (spiliway
crest) - 9

Spiliway 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

Spiliway crest 537

Upstream portal invert of outlet tunnel, about 517

Downstream portal invert of outlet tunnel, about 515

Streambed at centerline of dam, about 517

Maximum tailwater about 520

D. Reservoir (miles)

Length of maximum pool 0.5

Length of normal pool 0.4

E. Storage (acre—feet)

Spillway crest (Elev . 537) 215

Top of dam (Elev. 539.7) 282

F . Reservoir Surface (acres)

Top of dam (11ev. 539.7 low point) 31

Spiliway crest (11ev. 537) 20

C. 2.~
-• Type: Ear thf ill

/ ~~ Length: 250 feet.
I.) -~~~
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Height: 25 feet

Top Width: Irregular , about 6 feet

Side Slope: Upstream — irregular above waterline, probably
l.5H to lv

Downstream — measured 1.611 to lv

Zoning: Unknown

Impervious Core: Unknown

Cutoff: Unknown

Grouting: Unknown (not practiced in 1820)

H. Outlet Facilities -

A 12—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 to a nearby plant of
the Bethlehem Steel Company. The inspection party was informed
that the steel company no longer uses this source of supply.

S 
I. Spillway

Type: Uncontrolled, broadcrested weir.

Length of welt: 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 darn
embankment on either side.
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Downstream channel: The spillway c.iute is built of hea~~,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—Ill), a 24— -

foot—long section with a lv to 311 slope, an 8—foot—long -

section with a IV to 1211 slope, and finally an 8—foot drop to - -t 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 .

J. Regulating Outlets

See Section l.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 s1~pe was sodded and had a slope of 1.7511 to
lv, except near the left end of the dam, where the slope was flatter.
The spiliway 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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B. Adequacy

The available engineering and construction data is not adequate
to evaluate the design of this dam. The report from PenuDER dated
January, 1915, states that the capacity of the spiliway would be approxi-
mately 250 cia which was considered low at that time. The crest elevation

- of the dam has been increased since that date.

- C. Operating Records 
-

Formal operating records were not available for examination . -

- D. Post Construction Chan1~s

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

The approach to the spiliway was paved and last repaired in
1973. It appears that, in 1928, some concrete curbing was placed at the
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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SECTION 3 — VISUAL INSPECTION

3.1 FINDING S

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 darn 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
spiliway. 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—I and A—Il, for the results of the survey. The darn breast has
a very uneven cross section, with many gullys at the downstream and
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
riprap and cementing the surface against erosion. The lake was drawn
down in 1972 and the city representative stated that the upstream slope -

is paved with brick over its full surface. 
-

The doinstream slope is steep (see Plate A—l, 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 f oot above the toe. Actual seepage discharge could not be detected.

C. Appurtenant Structures

A concrete intake structure is located upstream of the darn
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 of f of the 12—inch line, but it is not known

- 8- H
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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 spiliway, 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 cud 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 isinediate 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 spiliway 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.
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SECTION 4 — OPERATIONAL PROCEDURES

4 1  PROCEDURE

.5 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 inf low is discharged over
the spiliway.

4.2 MAINTENANCE OF DAN

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 S

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. -
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SECTION 5 — HYDROLOGY/HYDRAULICS

5 • 1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analysis available from PennDER 
S

S for Stovers Lake Dam was not very extensive. No area—capacity curve,
S frequency curve, unit hydrograph, design storm, design flood hydrograph, -

nor flood routings were available. S

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 darn 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.l.E).

The recommended Spiliway Design Flood (SDF) for a dam having
the above classifications is one—half the Probable Maximum Flood (PMF )
to the PM?. For this dam, the PMF peak inf low is 3,230 cf a (see Appendix
C for HEC—l inf low computations). - 1’

S 

- Comparison of the estimated PM? peak inflow of 3,230 cf a with
the estimated spiliway discharge capacity of 210 cfs indicates that a
potential for overtopping of the Stovers Dam exists.

I~ ~ 
An estimate of the storage effect of the reservoir and routing

of the computed inflow hydrograph through the reservoir shows that thisr ~~~~~~
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dam does not have the necessary storage available to pass the PM? with— S

out overtopping. The spillway—reservoir system can pass a flood event
equal to 11% of a PM?.

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

reservoir system will still only be able to pass a flood event equal to
26Z o f a P M F.

B. Darn 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 EEC—i 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 Ta~le 1, Appendix

~~~ C. Since this darn 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 PM? 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 PM? 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 condition..

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 t ime. 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.

— 1 2 —
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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 S

when the dana 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 I —

The small size category and high hazard category, in accordance
with the Corps of Engineers criteria and guidelines, indicates that the S

Spilivay Design Flood (SD?) for this dam should be one—half the Probable
Maximum Flood (PM?) to the full PM?.

The calculations show that the spillvay 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

r 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 PM? is
more than the 0.5 foo t criteria. On the basis of this information, it
is judged that a one—half PM? 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 f or 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. ~~bankment —
The poor vertical alignment and narrow and irregular

width of the top of the dam gave a poor impression of the darn. 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 darn was over-
topped in 1972. - --

— 2. Appurtenant Structures S

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 perviou..

- 

( 
- 

- 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 elopes appear to be too steep for present good engineering practice.
The small width of -the top of the darn and the lack of protection in this
area raises a question as to whether this embankment could again with-
stand any overtopping. 

S

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
som e of it. 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.

__
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U - HB. Seismic Stability -
S

This dam i. located in Seismic Zone No.1 and it is considered
that the static stability is sufficient to withstand minor earthquake
induced dynamic forces. However, no calculations, studies, etc., were
made to confirm this conclusion.

(S~~~) 
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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 darn, with S

its irregular and narrow width and gullies is also a point of concern.

In accordance with the Corps of Engineers’ evaluation guide— S

lines, the combination of storage and spillway capacity is sufficient to
pass only 11 percent of the Probable Maximum Flood (PM?). Overtopping
of the darn with an inflow of 30 percent of the PM? would most likely
cause a failure of the darn. Such a failure would significantly increase
the hazard to loss of life downstream. The spillvay is, therefore,
considered to be seriously inadequate. -

B. Adequacy of Information

S The available data is not considered sufficient to evaluate
- 

- 
the stability of the embankment or to assess the seriousness of the -

seepage. -

C. Urgency S

Because of the inadequacy of the spillvay of this darn and the
uncertainties regarding the seepage conditions and the stability of the
embankment, the recommendations presented in this report should be
implemented i ediately.

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 spiliway and to
evaluate the seepage conditions and the stability of the embankment.

.5-
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7.2 REC0~IENDATIONS

A. Facilities

The following recoemendations are presented for action by the
owner: 

-

1. 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.

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

3. 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

It is recomeended that the owner initiate the following pro—
cedures:

1. A regular maintenance of the embankment slopes and crest -:
of dam.

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

3. The development of a formal surveillance and downstream
warning system to be used during periods of high or
prolonged precipitation. S

HI
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— j CHECK LIST

PHASE I - VISUAL I NSPECTION REPORT

PA DER # 38—5 NDI NO. PA-OO 600

NAME OF DAM Stovers HAZARD CATEGORY High

TYPE OF DAM Earthf ill
City of Lebanon and

S LOCATION North Lebanon TOWNSHIP Lebanon 
- 

COUNTY , PENNSYLVAN I A

INSPECT I ON DATE 11/15/78 WEATHER Sunny TEMPERATURE 50’s

I NSPECTORS: H. Jongsma (Recorder) OWNER’S REPRESENTATIVE(s):

R. Steacy Ken Barrick — City of Lebanon
Parks Department

A. Bartlett

(~5 ~5I 
________________________________ ________________________________

NORMAL POOL ELEVAT I ON : 537.0 AT TIME OF INSPECTION :

BREAST ELEVAT I ON : 
- 
542.0 POOL ELEVAT I ON : 534.6

SPILLWAY ELEVAT I ON : 537 TA I LWATER ELEVAT I ON :_______

MAX IMUM RECORDED POOL ELEVATION : Agnes (14 inches below top wall at
spillway. Overtopped for 2 hours 1/2”

GENERAL COMMENTS : over dam.

Bought by City of Lebanon from Bethlehem Steel Corpora tion in 1976.
During Agnes water overtopped east abutment and caused erosion.

-
S 

Spiliway approach %:as repaved.
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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NDI NO. PA-OO 600
VISUAL INSPECTION

EMBANKMENT

OBSERVATIONS AND REMARKS
A. SURFACE CRACKS None.

B. UNUSUAL MOVEMENT No movement. Toe is wet and swampy.
BEYOND TOE 

-

C. SLOUGH ING OR EROSION Upstream slope very irregular. Mostly cemented. S

OF EMBANKMENT OR Considerable erosion on top of darn, partially
ABUTMENT SLOPES caused by foot traffic.

Erosion gullys on downstream breast and slopes.

D. AL I GNMENT OF CREST:
HOR I ZONTAL: Fair.
VERT I CAL: Poor.

E. RIPRAP FA I LURES No riprap.
( 

-
~

F. JUNCTION EMBANKMENT West abutment junction o.k., -although a low
& ABUTMENT OR spot 25 feet away from abutment. East
SPILIWAY abutment ties into road.

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

H. DRAINS
None detected.

J. GAGES & RECORDER
None.

K. COVER (GROWTH) Upstream — some cemented, some concrete walls ,
some sloughage.

Breast — no cover.
_______________________ flnwn*trpam — wn~ds and brugh.
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NDI PlO. PA-OO__600

VISUAL INSPECTION
OUTLET WORKS

_____________________ 
OBSERVATIONS AND REMARKS

A. I NTAKE STRUCTURE
Flat concrete tower. No entrance, sealed off. =
Steel grating installed over intake in 1973.

B. OUTLET STRUCTURE
p Valve house with 12—inch pipe.

C. OUTLET CHANNEL
Narrow and full of weeds.

-
~ D. GATES 

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

- E. EMERGENCY GATE - -

12—inch valve, partially opened during inspection.

F. OPERAT I ON &
CONTROL Seldom opened, last in 1972 to drain lake and

1974 and 1976 for fish management.

G. BRIDGE (ACCESS) 

-

None.
‘4

~. •5~~~
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ND I NO. PA-O0 600

VISUA L INSPECTION S

SPILLWAY

____________________  
OBSERVAT I ONS AND REMARKS

A. APPROACH CHANNEL
Concrete approach, dipped in center.

B. WEIR:
Crest Condition Broadcrested weir with a two foot drop .
Cracks Seeping through this drop .
Deteriora t ion Walls and weir in reasonablely good condition.
Foundat ion
Abutments

C. DISCH.~RGE CHANNEL:
Lining Concrete slab and stone walls in good condition.
Cracks
StI fl ing Basin Stone walls, water seeping through drop section .

(5 
)

D . BRIDGE & PIERS
None.

E. GATES & OPERAT I ON 
--

EQUIPMENT None.

F. CONTROL $S 1I I STORY
None.

S 
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N DI  NO. PA-OO 600

VISUAL INSPECT ION

U _ _ __ _ _ _ _ _ _ _

_______________________ OBSERVAT IONS AND REMARKS

I NSTRUMENTAT I ON

Monumentatlon None.

Observation Wells None.

Weirs None.

= Piezometers None.

Staff Gauge None.

Other None.

RESERVO I R
5- 

Slopes Mostly flat.

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

fn1.in4i~g -

Watershed
Description Agriculture and some housing developments.

DOWN STREAM CHANNEL
-

. 

-

~~~ Open flat terrain; baseball park, cemetery,
Condition houses.

Slopes Grassed, developed.

Approx imate
PopulatIon 20

Ho. Homes 4 to 5 houses before joining Little Brandywine
Creek.

~~
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CHECK LIST
(3 ENG1WERING DATA S

PA DER 1 38—5 NDI NO. PA-OO 600

NAME OF DAM Stovers Dam

I TEM REMARKS

AS-BU ILT DRAW INGS None

REG IONAL V ICIN ITY MAP U.S.G.S. Quadrang le Lebanon
S 

- See Pla te II , Appendix F

CONSTRUCT ION HISTORY Constructed around 1820, raised in 1868.

GENERAL PLAN OF DAM None.

TYPICAL SECTIONS None.
OF DAM

OUTLETS : None. 
-

PLAN
DETA ILS
CONSTRA INTS
DISCHARGE R A T I N G S

~

- 

5~~~
-

-
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NDI NO. PA—OO 600 
—

ENGINEERING DATA

S ITEM REMARKS

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

DESIGN REPORTS None.

GEOLOGY REPORTS None.

DESIGN COMPUTAT IONS: None.
HYDROLOGY &

HYDRAULICS
(, ) DAM STABILI TY

SEEPAGE STUDIES

MATERIALS INVESTIGATIONS: None.
BORING RECORDS
LABORATORY
F I E L D  -

POST CONSTRUCT ION None.
SURVEYS OF DAM S

BORROW SOURCES Unknown.

8-2
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NDI NO. PA-DO 600

ENGINEERIN G DATA

U _ _ _ _ _ _ _ _  
- - H

ITEM REMARKS ~
- 

-
‘

MON I TOR I NG SYSTEMS None.

MODIFICAT IONS Raised around 1868.
Walls built on crest around 1927 to contain fill

and raise darn.

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

POST CONSTRUCTION None, except inspection reports.
ENGINEERING STUDIES
& REPORTS

(
~) _____________ ___________________________

PRIOR ACC IDENTS OR
FAILURE OF DAM

Descript ion: Overtopped, see above. No reports.

Reports:

MAINTENANCE & None.
OPERAT I ON RECORDS

SPILLWA Y PLAN , SECTIONS None.
AND DETAILS

I
—
’

U 
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I
NDI HO. PA-OO 600

ENG I NEERING DATA

U 
_ _ __ _ _ _ _ _ _

ITEM REMARKS

OPERAT I NG EQU I PMENT, No plans or details. Valve pit downstream with 5PLANS & DETAILS 12—inch pipe and valve.

CONSTRUCT I ON RECORDS None. 
:

Inspection reports indicate leakage at toe and
PREV I OUS INSPECTION from a spring in right abutment since 1915.REPORTS & DEFICIENCIES Brush and tree growth on downstream slope.

Uneven breast since 1920.

t )  
-

MISCELLANEOUS Some photographs since 1915.
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NDI NO. PA-O0 600 

- -  _ _

- CHECK L I S T
- 

- 

HYDROLOGIC AND HYDRAULIC
— ~~

— 
— ENGINEERING DATA

DRA INAGE AREA CHARAC TERISTICS: Farmland and house developments.

ELEVAT I ON:

— TOP NORMAL POOL & STORAGE CAPAC ITY: Elev . 537 215 Acre-Feet

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

I MAXIMUM DESIGN POOL: Elev . 542.3

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

SPILL WAY

- a. Eleva tion 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 i nverts 517

d. Exit inverts 515

e. Emergency drawdown facilities 12—inch blowoff.

HYDROMETEOROLOG I CAL GAGES:

- a. Type None.

- - - - - b. Locat Ion None. - -

~
• - c. Records None.

, MAX I MUM NON~~DAMAG I NG DISCHARGE: 
-
_
850 cfs.
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U.
SUPQtARY DESCRIPTION

OF
FLOOD HYDROGRAPH PACKACE (NEC-i)

DAN 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 (NEC-i) 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
downstream hydrologic—hydraulic consequences resulting from assumed
structural failures of the dam. A brief sumeary of the computation
procedures typically used in the dam overtopping analysis is shown
below.

— Development of an inflow hydrograph to the reservoir.

— Routing of the inflow bydrograph(s) through the reservoir to
determine if the event(s) analyzed would overtop the iLam.

(
~~) — 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
in Section 5.

For detailed information regarding this program refer to the Users
Manual for the Flood Hydrograph Package (HEC—l) Dam Safety Version
prepared by the Hydrologic Engineering Center, U. S. Army Corps of
Engineers, Davis, California.
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- 0 0 - 0,000 0.000 0.000 0. 0 - -

~~~. - - - 
-

.5- - ‘- - - - - S S
~ 

- -
, - 

- 
- 

- -

— - NORMAL DEPTH CHANNEL ROUTING 
- 

- 
- 

- - -
- 

- 
-

-

— . - 
- 

otlUr—0N2—0N3—ELNVT—ELMAX—— RINTH --—— SEL~~~~~~~ 

S 

-

- .0600 .0400 .0600 515.0 540.0 350. .00600 -

CROSS SECTION COORDINATES—STA ELEV,STAtELEV—ETC S

0.0U530.00 200.00 520.OUBOO.00 517.00 001.00 515.00 810.O0 515.00
- - 

. - 
- - - 811,00 511.00 880,00 520.00 1050.00 .540.00 - - 

-

- - STORAGE 0, 0. 1. — 4, - 10, 17. 25. 34~ 42. 5!.
61. -71. 81. 91. 102. 112. 123. 134. 144. 156.

— 

~~~ 1UTFLOIi 0, ~39. 163. 1052.~~ 3708~~~~ 8875. i5851. 24515. 348O7. 46496.
- 60169. 75224. 92802, 112637. 134083. 157108, 181685. 207790. 235404. 264511.

STA5L 515~0 516.3 5i7.6 518.9~ 520,3 521,6 522.9 524,2 525.5 526.~
S 

- 528.2 529.5 530,8 532,1 533.4 534.7 536.1 537.4 538.7 540,C

1 • - - ~i,OW - 0, ~ 38,
” 163. 1052. 3708. 8875. !5851~~~~ 24515. 34807. 46696.

60169. 75224. 92802. 112637, 134083. 157108. 181685. 207790. 235404. 264511-

-

- 

MAXINU1ISTAGFIS 520.0 
-—______________

- - 

MAXIMUM STAGE IS 519.6 - 

- 

- 

-

-
‘ 

-~ NAXIIUI STAGE IS 519.2 - - 

- -

MXIMJrSTA6rIS sie;i 
—-____ - 

-

-
_ _

-
- 

MAXIMUM STAGE IS 517.9
- 

, . MAXIIWN STAGE IS 517.7 - 
- - -

k -
- - - 

_ _ _ _ _ _ _ _  

S

_ _ _  - -  - -

& MAXIMUM STAGE IS 516.9 
_____________ ________ __________________________________

STAGE IS 516.0

- - 4 - ’ - . -  
— 

. 

- —-5— — 

-
.

*8*81*8*8 1*8*1*8*8* *8*81*18*1 1*1*1*1*1* *1*1*8*11*
- ~~, - 

—-5— - - -— - ---5-- - ---  -5—_ --—-5-

- - --- ——5-  --5- 

- -



- _ _ _

-~~~~~~~~~~~~ - -- —-- -

1*8*1*11* *1*1*11*1* *11*1*1*1* *1*1*1*1*1 *1*8811*1
- HYDRO6RAPH ROUTING

RSIDO 53 
~~~~ IECUN ITAPE J1.T JPRT INANU1STAOE IAUTO -

S 4 1 0 0 0 0 0 . 0 0 -

ROUTING DATA -

OLOSS CIOSS AVG~~~IRES ISAflE 1OPT IPNP~~~~ LSTR - - - - - 

-

0.0 0.000 0.00 1 0. 0 0 0 
-

- NSTPS NSTDL U0 ANSKK X - -  TSK STORA 1SPRAT - ~
-

- I 1 0 - 0 0.000 0,000 0,000 0. 0 - - - - - 

- S

NORMAL DEPTH CHANNEL ROUTING - 

S - 

- 

- 

- 

S

oNur—gn(2r—-aN(3)—EINvT—ELMAX—RLNTIr—-- - SEL —— 
- - - S

.0600 .0400 .0600 512.0 540.0 300. .01000 - 
- 

S - 

- 

S

CROSS SECTION COOROU!ATES-—STA,ELEV,STA,ELEV——ETC -

S - - 0.00 530 0F 250,00 520 ,0U830,0 514.00
-
831,0U512,00 140 ,00 512,00 - S- - - - 841.00 514.00 900.00 520.00 1100.00 540.00 - -

STORAGE 0. 0. 1. - 2. 6. 11. 18. 25. 32. II-
49, 59. 68. 79, 89. 99. 110. 121. 132. 143.

- OUTFLOW 0. 59. 267. 1278. 3780, 8316. 15943. 26557. 39632, - 5516~-
- 

- - 73177, 93712, 116819. 145033. 176631. 210892. 247769. 287225. 329228. 373754-

- - ST~~ 512.0 513.5 514.9 516.4 
- 517.9 519,4 520.8 522.3 523.8 525.-

- 526.7 528,2 529.7 531.2 532.6 534.1 535.6 537.1 538.5 540.1

- - FLOE 0. 59. 287. 1278 . 3780. 8316. 15943. 26557. 39632. 5S16~
-: 

- 
- 

- 73177. 93112, 116819. 145033. 176631. 210892, 247769, 287225. 329228. 373754

S MAXmU1ISTAGrIS SV,6 
- 

- 
- 

-

MAXIMUM STAGE IS 517.1

‘ .- ‘ - . MAXINUN STAGE IS 516.6 - 

- 

- 
,‘ 

-

- 

- - - 
- -

~~~~~1IA%INOflT*Gfls~~~ 515.8 
- 

- 

-- 
5

- 

- MAX IMUM STAGE IS 515.0 ____________________—— _____________________________
‘~ ‘~ 

.
‘ 

- MAXIMUM STAGE IS 514.6 - S 

-

- MAXINUNITAGflS 5L4,O — 
- -

MAXIMUM STAGE IS 513.7

STAGE IS 512.7 
—-_______________________

- 

ss,u,**~ ____ __  ***~;***ss *11*88*8 
- 

_~~us*ss*s u*sut*ss 
— -

— —-  __________ __ - -—-._- — - -  
- 

— - - — 
- ~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~
— __; -------~~--—--—- — 

-
- - 5

~~~~~
—

~
-—-

~~~~
- - - - - 5 - 5  — -5  —5- -5— —5-- - ----
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-
- 

~~~~~~-~~~y ’-- - - 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~~~~~~ . 

S - - -

--5—— - - - - - - -

- 
‘1

— PEMcFLOU AIIEST08AGE (END OF PERIOD) SUMMARY FOR IOLTIPLE PLAN-RATIO ECONOMIC CONPIJTATIONS
- - 

- -  
- S 

- FLOWS IN CLJDIC FEET PER SECOND (CUBIC METERS PER SECOND) -

AREA IN SOIMRE_lIlIES (SQUARE KILOMETERS) 
- 

—

- S 
- 

-

RATIOS APPLIED TO FLOWS
1PERATIVR ~~~~ 5TA’TIOK AREA PLAN RATIO 

-- F RATIO - - 2 RATIO 3 - RATIO 4 - RATIO 5 RATIO 6 RATI0~7 RATI0 8 R*T10 C
- -~~~• ‘

. - - 
1.00 .75 .50 .30 .15 .1O - 

- 
.07 - - .05

HYDROGRAPH AT ~
. 1 1.10 1 3~~. 2421. 1614. 968. 484. 323. - 226 . 

- 161. 65.
-
- 

- . . 
( 2.85) ( 91.41)! 68.56)( 45.70)( 27.42)( 13.71)! 9.14)! 6.40)! 4.57)! 1.83

ROUTED TO 2 1.10 - 1 3196. 2397. 1598. 858. 337. 214. 139. 89. 2~
2.85) ( 90.49)( 67.88)! 45.24)( 24.30)! 9.53)! 6.06)! 3.92)( 2.53)! .81

ROUTED TO - 3 1.10 1 3197. 2397. 1599, 857. 337. 214. 139. 89. 2P
- 

- - C 2.85) C 90.52)! 67.88)( 45.28)( 24.27)! 9.54)( 6.06)( 3.92)! 2.52)( .8!

ROUTED TO 4 1.10 1 3198. 2400. 1595. 857. 337. 214. - 139. 89. 2~

- C 2.85) C 90.55)! 67.95)( 45.16)! 24.26)( 9,54)! 6.06)( 3.92)! 2.52)! .8C

1 , , SUMMARY OF DAlI SNEETY ANALYSIS

-~ 

PUN 1 .............,, INITIAL VALUE SPILLWAY CREST TOP OF DAlI - 

- S

ELEVATION 537.00 537,00 . 539.70 - -

- - -  - - , ~- 
-

S 5 
- 

. STORAGE ~15. 
-: - ----215. -- - 282.~~~ - 

-

- ;- - - 
- - OUTFLOW 0. 0. 226.

1 ‘

_ ~i- -
S 

- - - - 

- RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MX OUTFLOW FAILURE

- - , 
- - 

- - ‘ 
- 

- : - P1F W. S,(LEV~~ OVER DAN~~~AC FT —- c~s -- — _ _ _ _ _  _______________

- 1_I -. - 
- - - 

- -- -

- 
- 1.00 543.35 3.65 406. 3196. 11.00 42.25 0.00

- 
- 

- - . - .75 542.90 3.20 389. 2397. - 10.00 42.25 0.00
.50 542.45 2.75 373. 

- 1598. 8.75 42.25 - 0.00 -

.30 541.93 2.23 355. 858. 7.00 42.75 0.00
- . . 

- 
b40.42 .72 305. - 337. 4.00 43.50 - 0,00

- - - _ 
- 

- 
; 

- - .10 539.61 0.00 279. 214. 0.00 43.50 - 0.00

.07 539.06 0.00 264. 139. 0.00 43.50 - 
0.00

- .05 538,63 0,00 252. 89. 0.OO 43~75 
0,00_ -

- , 
- .02 537.77 - 0.00 . 231. 28. 0.00 44.00 0.00 - -

- - - - - S

- 
- : PLAN 1 STATION 3

S 
-
~~ 

- - MAXIMUM MAXIMUM TIME~~~~
: - 

- - 
- - - RATIO FLOWIPCFS STAGEPFT HOURS

~~~~~~~~~~ 
- 

-

‘ S
- 

- h00 3197. 520,0 42,25 —— 
- 

-

- ‘ - 5 .75 2397, 519.6 42.25 -
- I , - .50 1599. 

_ _ _ _ _  

519.2 42.25 -

- .30 857. 518,7 42.75 -

~—~~: .15 337. 517.9 43.50
_____________________________________________ .10 - 214. 517.7 43.50 _____________________________

- -  S 
- .07 139. 517.4 43.75

.05 89. 516.9 43.75 -
~~

-~ ,, .~5

- - 5 .02 28, 516.0 44.00

--5— 5_ -5 -5- — —-5 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ii



r~~~~~~~~~~~~~

. 7/,
S 

- 
______PUN 1 STATION 4

- - 
: 

-
- 

S - 

MAXIMU M MAXIMUM TIME 
- 

-

- 
- 

- 

RATIO FLOW~ CFS STAGE.FT HOURS

- 

- 

S 

3198. 517.6 42.~- 

- .75 2400. 517.1 42.25
- - - - 

-
- - .50 1595. 516.6 42.25 

- -:- -
• 

- - 
- - 

- .30 857, 515.8 43.00
- .15 - 337. 515.0 43,50

- - 
- - S - - .10 214. 514.6 43.50 

- 
-- 

-. 
5 

- .07 - 139. 514.0 43.75
- .05 89. 513.7 43.75

S 

- 
-S 

- 1*t******t***$t*******$t*$t**,*,* - S- 
-- FLOOD HYDROORAPH PACKAGE (NEC—i)

- DAlI SAFETY VERSION —- JUlY 1978 5
- LAST MODIFICATION 21 AUG 78 - S

S S 
~~~~

— _ t , _  - - I 
*

- 

- 

- 

- 

S 

- 
I I

_ _ _ _ _  _ _ _-  - 2

—~~~~ 
-5  

-
~~~~ 

—-5-— — —  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5 -

Is — -5—



_________________________________________________ ___________ -  ‘ —

-

- 
4U44 . UI4Ui UUI$31$f l$ *Ujff l - FA C,. IL.._ANAL YSLc

j DPI SAFETY VERSION JULY 1978
1.451 MODIFICATION 21 AUG 78

- 
- - U**flf l**I *$$***UU****U*1*** 

- - - _ _  _ _ _

1 Al STOVERS DAM 1*11 BRANCH OF BRANDYWINE CREEK
- 2 A2 NORTH LEBANON TWP,c LEBANON COUNTY, PA. 

_________
— 

‘3 A3 NDI * PA-OO600 - - 
PA DER * 38-5 

- -S _ _*  S

4 B 300 0 15 0 0 0 0 0 —4 0
_____________ 

5 BI 5
_____

7 JI .3 
-S

_ _ _ _ _  

8 K 1 1
9 K 1 ~~~~~~~~ INFLOW HYDRO6RAPH
10 N 1 1 1.1 1
ii P 23.2 113 123 132 143

S 12 T~~~~
- -  1~~~~ O5 -—

~~~~~~~ - 13 N - 2.47 .85

‘ 14 X —1.5 —.05 2
S 15 K 1 2  __ _______

16 Ml RESERVOIR ROUTING - DAM BREAK
17 Y 1 1 —

18 ~T1 1~~ 
- - 

- 215~~ —1 -

- 19 Y4 537 537.5 538 538.5 539 539,5 540 540,5 541 541.5
- - 

- - - 20 Y4 542 542.3 543.5 545.5 -

-
- - 

21 Y5~~ 0 15~~~~~ 4O~~~~ 75 130 200 265 350 440 600- - -  
S

• 
22 Y5 900 1340 3467 8655
23 IA 0 20 31.2 51.4
24 1E504.75- 537 540 550 - ______ _____________ -

- 25 IS 537 - S

- - 

26 1D 539.7 0 0 0
- 

21 
—- SB 5 0 1  520 .25 537- 541.9 

~~~~~~~~- -—- —~~~ _ _ _ _ _ _ _—-

-, 28 SR 50 1 520 .5 537 541.9
- 29 SB 50 1 520 1 537 541.9

- - 
- 30 - p - . - SB 5O 1~~~ 52O 2~~~ 537 541,9 - —

31 
- - SB 50 1 520 4 537 541.9 -

.~~ 32 K 1 3 1 
_ _ _ _ _ _33 ~~~Ki~~~~~~~~~

” REA cH2-3 ” —________

• 34 Y 1 1
35 11 1

- 36 Y6~~~O6 ;o4 .o6 515 54o 350 .006 - ___________-

‘4 
- - 

-
‘ 37 Y7 0 530 200 520 800 517 801 515 810 515

38 Y7 811 517 880 520 - 1050 540
- - c i  — -5 __________ - -

40 Xl RE AC H 3— 4

41 Y I I
4- I -~ - *~ 42 Y 1 i  

_________________

- - 43 - 

Y6 .06 .04 .06 512 540 300 .01 -

44 Y7 0 
- 530 250 520 830 514 831 512 840 512 - 

-

— - ~- 
‘
~ 45 Y7 841 514 — - 900 520 - -  1100 540 - - 

- 

-

46 K 99
1 PREVIEW OF SERUENCE OF STREAM NETWORK CALCULATIONS 

_ _ _ _ _ _  ______-

(
~
, -

5, - 

RUNOFF HYDROGRAPH AT 1
- ROUTE HYDROGRAPH TO 2

ROUTE HYDROGRAPH TO - 3 - _______ __________________ -

(
~) ROUTE HYBROGRAPH TO 4

ENP OF NGTWORK

- - 

1$**11*****$$*******1****$$**$*$*- ~ - 

FLOGS HYBROGRAPH PACKAGE (IEC-1) - -- - 1
‘a o~ii .cMTTY u~-DcTnu NI~ v ala

Is • -~~~~~~~~
‘
~~~~~~~ — - 

-~~~~~~~~~ 
:- ..



-~i~ -
~
-
~~~~~~~

- -
~ 
‘
~~~~~ ~~~~~~~~~ ~~~~~~~~~~~ 

— 
~~~~~~~~~~~~~~~ - -.-— ~~

i — i-  
_  

4,
S 

- 
- 

- - - STOVERS DAM t*** BRANCH (IF BRANDYVI~ CREEK
- 

- 
- NORTH LEBANON flIP., LEBANON COUNTY, PA. -SI - 

- - - 

- - 

- $01 I PA—00600 PA DER 1 38-5 - - -- - — — 
-

I~~~~~~~~~~~~ .S
_

S 
_ 

S 

- S

JOB SPECIFI CATION
7. . - HO NHR NMIN IDAr IHR IMIN METRC~~~IPLT IPRT NSTAN

•~ ~~~~~ 
— - - 300 0 - 15 - 0 0 0 0 0 —4 - 0 - - 

- 
-

- - 
- JOPER lINT LROPT TRACE - 

-

- 
- 

- - 5 O~~~~~ 

- 0 0  -

- - - 
- - -

- - . - mLTI—PIAN ANALYSES TO BE PERFORIB S - 
S S

I

~~

I I - - 
- :- - 

- 
- - - 

~
- - - 

- 
- *L4N 5 NRTIOs 1 LRTIO 1

- 

- 
RTIOS - .30 - 

-

~~~~~~~~~~~~~~~ .. :-
y~~~-~~ ~~~~~ 

- -
~~ 

- 

- 

- - WIllS U$*U**** l*$****U*~~~~~~~*$**U**** -

-~~~ — - 
SUB—AREA RUNOFF COMPUTATION

- - 

~ 
- S 

- iNFLOW HYDROGRAPH
- ISTAG ICOMP IECON ITAPE ~LT JPRT INANE ISTAGE IAUTO 

_______- 1 - 0 O~~~~~~~~~~~~~ 0 0 0  1 -O 0

- - HTDROGRAPH DATA

- - - 
- IHYDG IUHG TAREATSIIAP TRW - - - TRSPC~~~ RATIO 1511011 — 

IS LOCM. 
-5 

5

c 
- - 

1 1 1.10 0.00 1.10 0.00 0.000 0 1 0

~~~~~~~~~~ ~
‘ - - 

5

PRECIP DATA 
S — -

S •;~~~
-::. - 

S SPFE PNS R6 R12 R24 R48 R72 R96 -
-- , - - 0.00 23.20 113.00 123.00 132.00 143,00 0.00 0.00

~~~ - .~~~sPccolPuTEr8Y1HE PRo6R*I1Is eoo 
- -— 

S _

________________ 

LOSS DATA
LROPT~~~~STRKR DLTKR RTIOL ERAIN STRKS RTIOK STRTL CNSTL ALS$X~~RTIMP —

0 0.00 0.00 1.00 0.00 0.00 1.00 1.00 .05 0.00 0.00
— - — - - _  UNIT HYDROGRAPH DATA - --

-Th TP~ 2.47 CP: ,85 NTA: 0

S 

—_________ -- - - RECESSION DATA - - -  __________

- : - - STRTO’ —1.50 ORCS$= —.05 RTIQR~ 2.00
• 1

- UNI T HYDROGRAPH 24 END-CF-PERIOD ORDINATES, LAG: 2.46 HOURS, CPz •82 WOL: 1.00~~~ 
—-

II, 40. 74. 109. 141. 170. 197. 221. 238. 243.
239. 228. 212. 190. 161, 120. 80. 54. 36. 24.
16. 11. 7. 5. —- -

0 END-OF—PERIOD FLOW
MOJA ILIWI PERIOD R*IN EXCS LOSS -- 

COIIP 0 
- 

MO.DA NEJVI PERIOU RAIN~~EXCS LOSS~~ CORP I

- -- 

~~ 26.54 24,13 ~~.4F 6909A
C 674.)( 613.)( 61.)! 1956.~

. I~__________ — —  

-- -_______________________ $$*$$$$$$L....__.. -- - _*$*2*$$*tt tt*t$****L~.. — tt *ttttttt tt ttt t t~~,
I. -‘ ~~~~~~~~~~~~~~ L T —~~~~~~~~~~~~~ -— —— 

—~~~~ -~~~~-- - ______ ___________ -



____ ~~~~~~~~~~ ‘~~~~~~‘~~~~~~~ ‘~~~~ 

: --

I
t IlUfHYDR(~RAPH 24 END-OF-PERIOD ~D1NATES, LAGs 1.46 HOUN,.CPa .82 V~~ 1.00 -

- 
- 11. - - 40. ~ - - 14. ~ 109. - - 141.- : 170.- - - - - 197. - , 221. 238. - 243. ~~

- - 
- 

- -

239. - 220. 212. - 
, 190. - - 161. °- - 120. - 80. 54. 36. 24. - 

- -

16. — 11. i , 5 ~~~i ~ i& I 4- I

0 
- 

- END-CF—PERIOD FLOW - 
- 

- - 
- - - - 

S

MOM IOr TR*Ir~~xCr~~OSr-~TcaRP-u - 
- 
Ro.D U-PERIOD RAII L - c1lIw -r

- 
0~ - - - 

- 
— - - 

- s
-- ’  —

- :  
- - 

~

- - - - - 5 -
- 

- 
- 

- 
- 

- 
5 —

- - -

• - S 
~~

- - ~~
- 

-- 
- - - - - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -: -: — ~~ ~~

- - ;  • - - ‘ t i-  -- -
~~ -iUR 16.54~ 24 1T 2,4r~~69O96.

C 674.)! 61~,)( 61.)! 1956.58) ,~

- 
- - -~ - - -: ~~~~~~ 

S - ‘ - l i - - -  -
~~~~
‘

I I
- - -

S 555555555$ 
- 

- - - 
S - 

*5*5*8*5*

~
- - :- ‘ - ‘ ~~

),‘ -~~~~~ - - - -  - ;  
- 

~~~~~ - - - ~ T- -:~~ - . . - S -
I I HYDROGRAPH ROUTING /

RE SERVOIR ROUTING ~~~~~~DAM BREAK
- 

_ 

S - 
- ISTAO ICOMP IECON - ITAPE - JPLT~ JPRT- INAN E ISTAGE - 

IAUTO - 

- 

-S  

- 2 
- 

1
5 0

~ 0 
- 

- 0 - 0 - 0 1 -  0 0 . *
5 

- 
-
~~

I-
L
.;:

~ - 
- I

’ -‘ 
~~~~~ - -~~- 5 ~~~~~ : - - 

-
- 

~~~ 
-_ - - - -

S - - 
- 

5
, - - - 5

ALL PLANS HAVE SANE ‘- -~

______________________________ 

ROUTING DATA
S - - - ‘  - 

S OLOSS CLOSS AVi~~ IRES iSAHr~~jOpT IpMp 
- 15Th - - - S -

I 

~~~ 0.0 0.000 0.00 - 1 I -0 ’  - 0 - 
- 0 -

- - 
- 

- : - - - - - 
.t - - 

- 

- - 
S NSTPS NSTDL 1.A6 AMSKX ~~~~ T TSK STORA ISPRAT

I 0 0 0.000 0.000 0.000 215. —l
- - 

- - 
- STA~~~- - 

- ~37,0 537.5~~~~538.0 - 538.5 539.0 - 539,5 
- 5-40.0 - 540.5 - 541.0 541.t

S - S -
- 

- 
-.~ - - 

- 
542.0 542.3 543.5 545,5 - -

F1.OlI 0. 15.~~~~ 40, 75. 130, 2O0.~ 265. 350. 440. ~~~ 60014-5.4 
~ 900. 1340, 3467. 8655.

- 
-- - SURF*CEAREA: 0~

— 20. ~1. 
- —-

CAPACITY: 0. 215. 
- 

291, 700. - - 

- 

- -

- ~ ~~~~ ~El.EVATION~ - 505, 537, 540, -
-
~ 550, -

~~~~~~~~ 
;:~~~~ 1 - -

CREL SPVIW COQW EXPV ~ELEVL COOL tAREA~~~ EXPI
537.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0

- I - ~~ - DAM DATA~~~~~ - 1’

,~ 
-

~~~~ ~ ~ 
‘ TOPEL C000 EXPO DANWI D

S 
-

- - 
- - - 

539.7 0.0 0.0 0.

I - - -~~~ - 
--- — - - S 

S
- S ~- ~~~~~~~ - - DAlI BREACH DATA -

- 
- 

- S - DRUID 1 ELIM WAIL USEL FAILEL. S

- 50 i,995$,00 .25537,04 541.99 - - - - - ‘ - 
- - - Lot

— -.. .I ~ I ”
~- DPI PAh~I A? U.N NOUNS - _________—

~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PEAK OUTFLOW IS 14039. AT TIME 42.75 IIOIMS

~~
(JT)rDAN1READr HTDRO0RAPH WAS DEVELOFED1JSINO * TINE1NTERVAL. 0F .005 HOURS DURING BREACWFORMTION. - - , -

4 4 f4 ~ IOISISTIEAN CALCULATIONS WILL USE A TIME INTERVAl. OF .250 HOURS. - - I 
-

______ 

THIS TABLE COMPARES TIE NYPROGRAPH FOR DOWNSTREAM CALCULATIONS WITH THE COMPUTED BREACH HYOROGRAPH. -
Hi~ - ‘) !~ 1FL~~~~~1 ~ OLATEIF EN W-F!RIQIVIJE$, —___ — 

- - 
-~

- 

- 

. 
_-- - 

- 
- - _

5 ~~~-— —_  
- - 

- -

—4 ~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 5 5 5 5 _ 55 ~~~~~~~~~~ 55
— - ----5—
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~~~~~
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‘

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Iii _Ti l

~~~ lA~j.L C U.~.,..., i~~ i~t DROGRfrh FIM £IuW~isIREM CALCULAT IONS WITH THE COMPUTED BREACH HYDROGRAPH.
S 

~~~~~~~ ME I1ITt~ OtATE1FROflgRI 4ERIoiV~ LES~~~~~~
— —  

lliq 
-

- - - :

S 
-5 - - - - - - TIME FROM IMTERP(LATED COMPUTED

4 ; - . 
~~~~~~~~ 

.-
~ !1- - ;flE]UIWNING BREACH - — BREACH ERROR ACCIJNU1ATEI ACCIJWJLAT~J

Li
” 1

’ 
~~ OF BREACH NYDROGRAPH HYDROGRAPH ERROR ERROR

- - 
/ -
~ (HOURS ) (NOIMS) CCII) - — - 

(CII) (CFS) (CII) (AC-FT)

- ‘ 

- S - 

42.500 0.000 841, -
~~ 841. 

- 

0. 0. 0.
- 

42.505 .005 1105, 1509. —404. —404. —0.
I 42.510 ~~~.O1O 1369. 1664. —295. —699~4 - — - - 42.515 - - .015 1633. - - 1829. - - —196. —895. - —0,

- 
42.520 .020 1897. 2004, —107. —1002. —0.

- 
- - 

- - - 
- - 

42.5~5 - .025 ~~2161. - 2188. - —27. —1O29~ - 
- 

.• - - 
42.530 - .030 2425, 2380. 45. - -

~~ —984. —0.
- 

- S 
- 

42.535 .035 2689. 2580. 109. —875. -0. - - -

*
~~~ 

- S S - . . -. . 
-

- 42.540 j.040 - 29 3,~T -  2787; ~~~~~ - - -709. - 

- 
-O.T--

~~-

• ~~& 
-‘ —, ‘ 42.545 .045 3217. 3001. 216. —493. -0. ‘~~42.550 .050 3481. 3221, 260, —233. —0.

- 
42.555 - .055 1745. 3447. 

- ~~~298. - 
65~ 0;

-
- • 

~~~~~~~~~~ 
- - 42.560 - 

- .060 4009. 
- - - 3679, : 330. 395, - 0.

— 

- 
- - 42.565 .065 - - - 4273. 3915. — 357. 753. 0~- 

- - ~~~~~~~~ 
- - 42.570~~~T.O7O 

- 
4537~~ 

- 4157. 380. - - 1133• -

- 
0.

• ~~~~~ 

- 42.575 -- .075 — - 4801, 4402, - 398. 1531, 1. -
~ 5 - S 

- 
- 42.580 .080 5064. 4652. - 412. 1943. 1.

~~~~~~~~~~~~ ~~~~~~~~ ~:, - - 
42.585 .085 5328, 4910. 

- 
418. 2362. - 1.

•-
~~~
!
~~~

- .- .4 
--: -~~ - 

- 42.590 
- .090 5592. 5181. 412, - 2773. . 1. ‘.

-
. 42.595 .095 - 5856. 5455. - 402. 3175. 1. 

- - 
. 

~
- 

- - 42.600 - .100 
- - - 6120, ”

5732, 
- 

388, - 3563~ . I. - 
-

42.605 .105 6384, 6013. 371. I 3934, 2.
* ~--~P~Y -

~ — 
- 

- 

- 
- 42.610 .110 6648. 6296, 352. - * 4287. -

. 
- 2.

- 
- 

S - 42.61~ - 
.115 6912. -

~~~ 6581, . s31. - 4617. z.
• 

~~
- ‘

~~
:- -. - 42.620 .120 7176. - 6869. - - 307. -

- 4925. - 2.
- 42.625 .125 

- 
7440. 7161. 279. 5204. 2.

42.630 .130 7704. 7462. 242. 5446. 2.
~~~~~ 

- 
.
~~ 42.635 .135 -

- 7968, 7764. 204. 5650. ‘

- 2.
- - 

- 
- 42.640 - .140 8232. 8068. 164, 5814. 2.

- - 
- - - - - 

42.645~~~~.145 - - 8496. 8372. 124. 5938. 2.
• ~~~~~

-. 
~ 

- - -  - - - 42.650 .150 8760, 8676. 83. 6021. 2.
- 42.655 .155 - 9024. 8981. 42, 6063, 3.

- 
- - 

42.660 .160 9288. 9286. — 1. 6O65~ -
- - - 

- 42.665 .165 - 
- 9552. 9590. —39. 6026. 

- 2.
- 42.670 .170 - 9816. 9893. —78. 5948. 

- 
2.

- 
- 

- 42.675 .175 10079. 10296. 116, 5832. 2.~~~~I 
• - - 

‘

~~0 
- - 

- 42.680 .180 10343. 10499. —156. 5676. - 2.
S 

- 42.685 .185 10607, 10799. —191. 5485, 2.
~~~~~

-;.-
,-- ‘ - - - - - - - 42.690 .190 - 10971, — 11094. ~ 222. ~t262. 2.

S - 
- 42.695 .195 - 

- 11135, 11382. —247, 5015. 2.
IL 

-
- 

S 
- 42.700 .200 - 11399, 11664. —265. 4750. 2.

- - :  
. 

- 
42.705 .205 11663. 11939. -276. 4474. 2.

S 
- 

- - S 
- 

42.710 .210 
- 

11927, 12208. —280. 4194. 2.
-

- -~~ • 
.. - !-  - 42.715 .215 12191. 12471. —280. 3914. 2.r 4 

• 
42.720 .220 12455. 12724. —269. 3644. 2.

• 
“;;-~~

- ~~~~~ ~~ 
- 

- - - 
42.725 .225 - 12719, 12972. —253. 

- - 3392. 1.
- 

- 42.730 .230 12983. 13211. 228. 3164, 1.
- 

42.735 .235 13247. 13437. —190, 2974. 1.( )-~:~ - 
- s 42.740 .240 13511. 13652. —142. 2832. 1.

—- 42.745 .245 
- 

13fl5. 13052. —77. 2755. 1.
~ * - 42.750 .250 14039. 14039. 0. 2755. . 1.

~~~~~~ 
- 1$OVFS •~~~ ~~ - - - -

-
. 

- 
- - - -

~~ 
- -- - - . -

- STATION 2
- : -

- - S 
- 

s~~~ _____ _ _ _ _  _____

4 4 -- — -5- -- —- _~~~—_ -S~~~~~~ ___ ; — - -5—
— 5 —



— — 
- -~~~~ 

- - - S

r~~’-— ~~~~~~~~~~ 
—

- 
- 

- IUI LN1[hf~T~~,uI t~ i~~cn ~f~U~~M~h 
- -

- iIISJ 
- _______- — CI) COMPUTED BREACH HYDROGRAPH -. ______ _______________

0. 2000. 4000. 6000. 8000. 10000. 12000. 14000. 16000. 0. 0. - 

- 
-

42.50 1. ~~ 
— 

S

42.51.2. 0 8. , . - . .  . . . . . - - . -

3. 
- 

03 . . .  . . , , , , , 
- ,42.52 4. 03. . . . . . . . . . .- - - -—--S ~~~~~~~~~~~~~~~~ -__- 

—- 42.52 5. 03 . ,- . 
-
, . . 

- 
- - , . . .-.~ 

~-:.

- 
42.53 6. .3 • . - . S 

. . . ,

42.53 7. .3  . . . - . . . . , , 
- —  

,

42.54 8~~~~~~~7’) . .. . . . . . , -

42.54 9. • 89 . . . . . . . . . • - .

- 
42.55 10..............JO. ,•..,,,.,,,,.,,,.,,.,,, ~~~~~~~~~~~~~ ,,, ,,, ...,.,,,. ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

— 42.55 11, - . DO . . • . . ~~. . -
- -42.56 12. • B 0. - - . . . . S . - _

~ • ,

42.56 13. • 30 , , I , I 
-

- - 42.57 14. 
- . 

- 
- 

3O . . . ~~ 

— - . . . - - - - - , 
* 
-.

- 
- 42.57 15. - 

- . .B 0 . - . . . - . . - . 
- 
. S — ~~ ,~~42.5816. . . 30 . . . - . S • . . - S 

-

~
, 42.58 17, • .E O , -

.~~~ . . .~ . .
~~-~t~~42.59 18. ~ • 80 . , - -  - - . . . S 

. 
5

-.;,

42.5919. . . DO. . . • . . . . 
S

42.60

- 42.60 21. . . 8.0 . . . . . . . -

• 42.61 22. , D O  . 
- 
. . . . . . • 

-

- - 47.61 23. - 
- -  

— 
. 

- -  
. - - - .3 0 . - . - . , . - 

- • - - - , -_ - - 
- - ,- 

- 42.62 24. ~
- . - . * , 3 0 - - . - 

- . . - - S 
• 

S 
- - 

‘ 
- - - -

42.62 25. 
— 

, , 
• 
, 3 0 - 

. - - — 
, , • — 

S 

- 
, 

- --
‘ 42,6326. - 

• - . - 
- . - - 80 . 

- 
- - . . 

- 
, , , S • - - 

- 
S

- 
• 

- - 42.63 27. 
- - - - - . 

- , , - 3 0. - . . 
- 

S • S • -

42.6428. 
- - . . . B1J . - 

• • , - ,• -

~ 
42.6c29. , 

— 
, - , 

— —~~~~ 
, -

. - , , - , ,
, ,,U•...•,..,,,, ••,,,,,,,, ~~.,,, ., ,,,, .,.. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
42.65 31, . . . . Do . 

— 
. 

- 
. S • ,

- • 42 66~32. - , . 
- . . B . . . . - 

• 
- - 

-42.66 33. ’~. . . . . B . . - • ~~. 
- -

- 
42.67 34. - • . - . ~~. 8. . . . . . 

-42.6735. . 
- - 

• 
— . . B. , . .

~ 42.68 36. . , . 03 . • . . .

42.68 37. - - . . - - . - . , . B . , - - 
• -

- -
~ 

- - . -‘-5- 
5 

- — _ _ __ __ _ __ _S__ _ 
~~S_ ~

__
~~~S __-5~_ -~~_ S —42.69 ~8, - • . -, • • . . 08 . . . - -  . , - ,

42.69 39. ’ . . . . 08 . . . . .
42.70

— - 42.70 41. -
. 

- - , . 
- 

- . 
_

.~~~~~~~~~~ 08 ~ 

— 
- 

- 
S 

- 
- 

S 
--

- 
42.71 42. -

- . . S 
• • . 

- 
0 B . . - 

S 
• 

• 
- 

S •
42.71 43, 

- 
. . 

- 
. - , - . 03 . - 

--5 
. 

-
~~~~ 

- 
, 

- - _
. 

- 
S

-
- 

42.72 44. . -  . . . . .08 . . . 
- . .

- :
~~~~~~~ 42,72 45, . . - • - - . . . . . 0 8  . , . .

- 
. - ,

42.73 46. . . • . • OR . . , . .~~42.7r41. • 
—
~~~~~~~~~~~. ~~~~~~~~~~~~~~~~~~~~ • OP . . . ,

- 42.74 48. - - - , : - 
. 

- - 
• . . 03 . , . - . 

~~5 
5 5

42,74 49, . . . - 
• . . B . . 

- . . S - ,

~~
-- ~ 42 7550.. ..... ,.. . •. • ~~~~~~~~~~ ~. .•. ,,,•,,~~.,, ~1• I• • •I  •~ ..,.. .... .8...... ~~~~~~~~~ •••~ ••~~• I I ~$ I•~~•••~ â • • • • • •I •  S

-~~~ . 42.Th 51. . . . . . B . . 
-
. ‘~~~~•

-5 - S 
- 

- - ;~~~~~: - I ,
- 

- : 
- 

-

- ‘  - - S - 

DAM BREACH OATA
- 

- DRU ID 7 ELPM TFAIL WSEL FAILEL - 

- 

S

-
_

,1 
~~~0, 1.00 520.00Th50537.OF 541.90 

-
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_
~~IL-_--,,~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

—
~~~~~ 

‘-
-5— —~~~

-—-,-
~ 

—,.wr~~~~~~~~~~~~’W’~—-~ 
— -‘--5— -, —5— — —.5--—— --5— -5 — -~~~

~~
I1 - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - S 
- - 5 -  - 5- -5 5 5 5 _ U _  

~~~~ 
‘

~hy - : ~PEAK OVIFLOP IS 1954.*T TIIE 42.9?NOIMS - •
5 ;;~

lIME ~~ ME*cI~NYBROGRUIl WAS DEVELOPED 1181)49 A TIIE INTERVAL OF .010 HOURS DGRINO BREAcH FORNATIOL . : S ~ ~HOUIMTR(M CALCULATIONS WILl. USE A TIME INTERVAL. OF .250 HOURS. - ‘-

~~~ : 
-
~THIS TABLE COMPARES TIE NYIROGL4PH FOR DOWNSTREAM CALCULATIONS WITH TIE COMPUTED BREACH HYDRO6RAPH. ;

3~~~~~ j1flLM~~~ INTE~~LJTEI FROM D~HF4ERIOflALUES~~
- -.~ -~ f -

TIME FROII INTERPOLATED COMPUTED - - 
- 

.1

— 
- TIM(1EGINNING 1R(ACH BREACH ~~~ ERR0R ACCUMUL.ATED ACCuMuLATE) -

~~~ ; ,  

-
S

S OF PREACH NYDROGRAPH HYIIROGRAPH ERROR ERROR - - -

- (HOURS) (HOURS) (CFS) 
_______ 

ICES) (CFS) 
- 

(CFS) (AC—FT) -

- - 42.500 0.000 841. - 841. - 
0. 0. 0..: 

- 
:..:S 42.510 .010 

- 
1058. 1506, —448. —448. —0. - - - 

-
-
~ 

-- 
- , .

- - - - 42.520 .020 
-
~ - 

I275.~~~ 1653. -377. —825. —1. 
~~~~~ - - 

— ‘, -42.530 .030 1493. 1808. ~315. —1140. —1. 
~

- ,

• 5 
42.540 .040 - - 1710. 1970. —260. —1401, - - —1. 

- -- 
-

- 42.550 .050 - 1927. 2138. 
- 

—211. 1612. - 4, - ;  - : -  
~ .

-~ 42.560 .060 
• 
2144. 2311. —168. - —1779. - - —1. -

42.570 .070 2361. - 2490. - —129. —1908, —2. -

-
- - 

-
~ 

S 
- 

- -  
- 42.5e0—.oao- 2578. 2672. -94.~~~~2~ 2. ~~ IL -

- - 
-

. 5 
-~~~ 

- 42.590 - .090 2795. 2857. —62. - —2064. - - —2. .
5 - 

- 

- 
42,600 .100 

- 
3012. 

- 
3046. —34 . —2098, 

- 
—2. 

-
-

- 42.610 .110 --  3229. 3236. 7. 2105. .2. 
~~~ -

42.620 .120 3446. 3430. 16. —2088. - —2. - 
-

- 
- 

S 
- . 42.630 .130 3663. - 3641.. - 22. —2066. - —2. 

- 
-

-- 42.640 .140 3880, 3854. 27, —2039. —2.
IL i 42.650 .150 4097, 4068, 30. —2010, —2.

- 
- - 

- 42.660 • .160 4315. 4282.. 32. —1977. - 
—2, . 

•_  

-

- - - 42.670 .170 4532. ~~~~~i4497.
- 35.~~~ —1943; 

- - 
—2. 

- - S

5 - 421680 - .180 4749. - 4711. 38. —1905. - —2. - .. -

42.690 .190 4966, 4935. 31. —1874. —2. - 
- -

421700 .200 5183. ~~~~5161. 22. —1852. —2.
- 

- - - 
- 

, - 42.710 - .210 - 

- 
5400. 5386. 

- 
14. . 1838. - 2. -

S - 
- 42.720 

- 
.220 5617, - 5610. 7. —1831. - - - —2. 

- - 
- -: -

- - . 
- - 

- 
42.730 .230 

- 

- 5834. - 5831. 3. ~~1828. , - —2. 
- - . 

- - - S  -- S - 
- 

-
( - 42.740 .240 -- 6051. 6051. —0. —1828. - - - —2. ~~

“ --

- 42.750 .250 6268. 6268. - 0. —1828. —2. -
42.760 .260 6372. 6482. —110, —1938. —2.

3 42.770 .270 6476. 6695. —218. —2156. —2.
- 

-
- 42.780 .280 - 6580.. 6904. —323, —2480, - 

- - —2.

- 42.790 .290 ~~~6684. 
- 

- 7105, —421. —2901. - —2. — .

I - - 
- 

- 
- 42.800 .300 6788. - 7298, —510. —3410. - —3. - - ;  -

‘

42.810 .310 - 6892. - 7481. —589, —3999. —3. 
1~ - - 

j

• 42.820 .320 6997,~~~~ 7654. ~~~~—658r~~~ 4657.
42.830 .330 7101. 7822. —722. —5378. —4 ,

- 42.840 .340 - 7205. - 
- 

- 7978, —774. —6152. - —5. - - -- - 
-

- - 
- 

- 42.850 .350 
- 7309, - 8128. —819. —6971. . - —6, -

~~-

— 

- - - - - 
,

- - 
- - 42.860 .360 7413, 8265. —853. —7823. —6. -

~~ ~
- -

- 
42.870 

- 
.370 7517, 8391. —874. -8697. —7.

- - 
S - - - 

- 42.880 .380 . 7621, - - - 8500. —879. -9576. —8. - 
~~~
-‘
~~ -- -

~ - 
- - : -

~ 
- 

- 42.890 .390 - - 7725,- - 8596. - - —871. —10447, —9, 
- - 

- ‘ ? - V--
• 42.900 .400 7829. 8673, —845. -11292. : —9. 

-- 
- - 42.910 1410 7933. 8745. —812. —12103. - —10. -

(J 42.920 .420 8037, 8805. —768. -12871. —11,
- 42.930 .430 8141, 8854. —713. —13583. —11.

P ~~ 
- -

~ .1 - 42.940 .440 8245, 8891, —646, —14229, —12. 
~~- - - 

- 
- 42.950 - .450 - 0349. 8917. —568. -14798, - —12, 

- 
‘ 

-
- - 

42.960 .460 0453. 8932. —478. —15276. —13.
___________ 

5
- 42.970 .470 - 8551, 8934. —377. -15653. —13. - -

-

S 42.980 
~~~~~ 

-  
263i___ !15916. 1~~~~~~_s_~ - 

~
--5- - 

4 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-5~~~ -55~~~~~ 5-~~ -5~~~~~~~~~~~~ -55~~~~~ -~~~~~~~~-c’- :~~~ -~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~



— 
- - - 5 - -

- - 

- -— -- --— -
~~~~~~ 7/is -

TIME 
_______________ 

(0) INTERPOLATED BREAQI HY BROORAPH -

- S 

- - T’ 
- — (1) COMPUTED BREACH HYI1ROORAPH -— - _____ - — ______________ ___________-

- 
- 0. - 1000, 2000. - 3000. - 4000. 5000. 6000. 7000. 8000. 9000. 0. 0.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--—

~
-:— -

~~
—

~~~
:-—- —- : — -

~~~

- -

~~~~:

-——--- - -—-

~~

———-----

~~~ 
—

~
-—:

~~42.52 3. . 0  1 . . • . . S . . --
42.53 4. • 0 B . - . - 

- 
• 

- 
. . . . 

- • . 
- .

. 0 B . • . . . .42.55 6. • 0.3 . • • •
— 42.56 7. - • .03 . . . • 

- 
. • • - •

- 
S ____________— —- 

- S

- 
42.57 8.- • • 0) . . . - • 

S • - •- 42.58 9. • . 08 . . . • . , - 
. . ,42.59 10...... .... ..... .....,..,..,.Op.,.,,,,,, ,,,.... ,,,,, .,,,,,,,,,,, ••••••.••••.. •...,..,. •,..,. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 

S

42.6*11. •- - - - - .- - 
- .  

- 
- • - 1 

— 
- • - - - • - • - S 

- 
- - 

- 
- - • - - - -

- 42.61 12. - -. 
- . . . 1- • , - - -

- . -- 
S 

• 
S 

- , 
- - 

• • . S - -

42.62 13. 
- 

. . . B . • - • . 
- 

-,  - . - . 
-

- 
42.13 14, , • - . DO • 5- . . - . . . - , —-42.64 15. . • . - 1. - 

- 
. • . - 

- • . - 
- 
. -

42.65 16. - 
. 

- . . .1 — . • 
- 

• . . . 
-

: :~ 3 :  : : : ‘ :- 42.68 19. • • . • B .  . . • . S 
•

- - 42.70 21. - - . • . - . .8 . . 
S - 

-

42.71 22. . • . . . B • 
- . .

. B —; 
•~~~ ~~~

, • . 4
42.73 24. . . 

- 
. • - 

- 
• IL • B . . - - • • — . 

- S ‘

42.74 25. 
- . . - . - . 

— 
. .8 - - 

. • . - . 
—

S 

- 
•

- 42.7~26. - . . . • . . B  . .. . • .
. .- . • — . . - . • 08 . - . . . - •

42.77 28. - . . • . . 0 8  . - , . . . 
S

42.78 29. . , , • . 0 3 .  . • .• 
42.79 30......... .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .........O.,.B. ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -

- - 
42.80 31. . - • 

- . . - 
• 

- 
. 

* 
0 • 3 . . .

— 42 81 32~ - • • • • - • - - O • 1  • - • S 
- •- 42.82 33. -- • , - - 

. • . 0 3 • 
- - . - . -

-42.83 34. • , • - - 
. . . .0 B , . •

— 42,84 35. . . . . ~~~~ ~~~~. . 0 3 .
- 

- - 42.85 36. - .; . . -- . - - 
, . . - . 0 .8 . - 

- 
- • - 

— 
- ~~~-

- , -- - 42,86 37.~~~~~~, . • - I - ,  • . 0  .1 - , • . .,

42.87 38. - - . . . . - . • . 0 • B • 
_S_
, 

- 
- 

—

- 
42.88 39. . . . - . . • • 0 • B . .
42.89
42.9041. . . . . . • 0 .  B .

- - 
-~ .- 42.91 42. - - . - 

. . . • - S - • 0. - S - 

~~ - 
- 

. - - 
- 

, 
- -

— 
42.92 43. . . 

— — 
• 

— - 
. 

- 
. • . - 0 B . - 

—— ~.
42.93 44. ; 

— . . . ~~~~~, 
- — 

- .o B. • - - •
- 42.94 45. . - ,  . . . . .0  B. . -

- .
42.95 46. . • . - S 

• . 0 B.. 
- 
. 

- 
.

• -
—

.
-

• -  •~~~~ •~~~~~~~. 0 R .  - . ,. 
-
~~,42,

~
7 48. - 

• 
- - 

• S • 
- • 0 8. • - 

‘ •

- 
42.90 49. • . , . , . . . 08. . .

O 43.0051. . . . - 
S , . • , I, • -

~~~~ . -

S 
- 

•

S 
- - 

~~~
S 

180WN* - - - 
-

- - __________S - — — RAM RR~N~N SMTI S - - --5— - - -

* ~~~~~~~~~~~~ 

— 

: ~_-~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
— ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -~~ ~~~~~
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_ _ _ _ _ _ _ _ _ _  —-

-- - - PM BREACH DATA B 
- 

- - 
- - -

MUIR 7 ELAN ITAIL USa FATLEI.
50~~~~~~1.00520.00 1.00 537.0O 541J0 -

RESIN RAIl FAIU~~~~ AT 42.50 HOURS - - - - 
— 

- 
• 

S 

-

WTFLON IS 5283. AT TIME 43.17 HOURS -

- 
- ~~. ITH[ DAM BREACH HYDROGRAPH WAS DEVELOPED USINB A TIME INTERVAL 0F .021 HOURS DURIN~ BREACW FORMATION. - - - - . -

- DOWNST REAM CALCULATIONS WILL USE A TINE INTERVAL OF .250 HOURS. 
- 

- 
- 

- 
- 

- 
S 

-

- 
- 

- 
- THIS TABLE COMPARES TIE HYDROGRAPH FOR DOWNSTREAM CALCULATIONS WITH THE COMPUTED BREACH NYDROGRAPH. - - - --

IIITERIEDIAIrFLOWS ARE INTERPOLATED FROM END-GE-PERIOD VALUES. — __________________-

- 

S TIME FROM INTERPOLA TED COMPUTED  
- - 

S 5

- -: 
- - - TIH~~~~~~~~ BEGINNING BREACH ~~~~~~~~~~~~ BREACH ~~~EBROR ACCUhULATED ACCUMULAT~~  

- 
- 

- - -
- 
- 

- - 

— 
- OF BREACH - HYDROGRAPH HYDRUORAPH ERR OR - - 

ERROR 
-

- 
S - (HOURS) (HOURS) - ICES) 

______ 

ICES) (CFS) (CES) (AC—FT) -
- 

- 

- - - 
-

S 
- 

42.500 0,000 841. • 841. - o. 0. - 0. 
- 

-
42.521 .021 - - 1035. 1506. 

- 
—471 , —471. —1.

- - - 
- - 

- . - - - - 
- 

- - -  42.542 - .042 .- 1229. - - . - - 1643, —413. —884. —2. 
-

- - -- 42.563 .063 1423, 17~4. - 
- —361. -—1245. - —2. -

-

• 42.583 .083 - - 
1617. 1928 . —310, -

—1555. —3,

- 
-5 • 

- 42.604 .104 1811, - 2074 . - —262. —1817. 
-- 

. 
- 

- 
- 

42.625 .125 2006, - 2220, —215. - 
—2032. —3,

- 42.646 .146 2200, 2367. —167. —2199. —4.
- - - 42,667 .167 . 2394, - 2512. -~118. —2318. ~~~~~

S - . 
- - 42.689 .188 2588, - - - 

- - 
2678. - : 

- - -91. - - -2408. -4.
- - 

.
- - 42.708 

- .208 2782, - 

- 
2844. -63. —2471. —4,

- • — 
— 

- - • 42.729 .229 2976. - - 3008. - —33. —2504. —4.
- 

- - 42.750 •250 3170, - 3170, - - - 0. —2504. —4,

S 
- 42.771 .271 3315. - 3330.- —16. 

- 
—2520. —4.

- - -
~~
, - - 42.192 .292 3460, T 3 5 0 2 , —43; —2562, ..4, - -

S - 

- 
S 

- 
42.813 .313 • - 3604. 3670. - —65, -2628 . —5.

- - 42.833 
- 

.333 • 3749. 3833. —83. —2711. 5.
- 

- - 
42.854 .354 3894.. 3991.

5- — 
-97. -28O8.~~~ —5.

- - 
• 42.875 .375 - - 

. 4039. 4144. -105. —2913. —5.
42.896 .396 4184. 4291. —107. —3020. —5.

- 
~ -: - - - - -. - - 

42.917 - .417 4329. 4437. —108.
—--— 

—3128.

• . •
- - : -

- 42.938 .438 4474. 4574. —100. —3227. —6.
-

- 
- - 

42.958 .458 
- - 

4619. 4698. -79. —3306. —6.
• - 

- 
- 42.979 .479 4764, 4809. - -  

~-45. -3351r —6.
- 

:- - - 
- 43.000 .500 - 

- 4909. 4909. 0. 3351, 6.
- 

- 43.021 .521 - 4933. 4999. —66. —3417 , —6.
- - - - 43.042 .542 4958. 5080. 

- 121. 3538, 4.
— — :- 

•
- ‘ - 43.063 - - .563 - 4993, 5148. 165. —3703. 4.

- -- 
- 43.083 .583 5007. 5203. -196, —3899. —7,

S 
• - - - 43,104 .604 5032. 5242, -210. -41O9. -7,

-  -
- - 

• - 43.125 .625 5057, 5263. —206. —4315. —7. -
~

- - 
- 43.146 .646 5081. 5278. —197, —4512, —8.

-- 
- - -

~ -
- .

~~ 
- I L  

- 
- 43.16i •667 5106. 5283, - - 

—177. 
— —4689, -8.-

~~~~~~~~~~~~~ - 
- 

- 43,188 .688 5131. 5278. —148. —4837. —8.
- 

-
- 

- 
- 

43.208 .708 5155, 5264, 108. 4945, 4,

IL 
- 

. - • 
- - - 43.229 .729 5180, - - 

5239. -59. -5004. -9.
— - - .

~~~~~~~ • - 43.250 .750 5204. 5204. 0. —5004. —9,
- 

- 43.271 .771 5116. 5161. -44, —5049, —9.
- -( ~~~~~~ 

IL 

- 
43.292 .792 5028. 5108. -80. —5128. —9.

S 

- 

- 
- 43.313 .812 4940. 5046. —106. —5234. —9.

___________________________ 43,333 .833 4852. 4976. -124. —5358. —9,
- 43.354 - .854 4764, 4897, —133. —5491. —9.

- 
43.375 .875 4676. 4810. —135. —5625. —10. S S

43.396 .896 4588. 4716. —129. —5754, —10.
• S 

__________ - I. •l~~~~— - 5- Is — - . - . -
-

- -c- 
~~~~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~ -- - 
-

S 
5-~~~~~ & - .

- 
5
_

_
’ -

IL - -

- 
.

I TINE (O1’INTERPOLATED BREACH HYIIROGRAPH
— 

S (URS) - (1) COMPUTED BREACH HYDROGRAPH - - 
_

•- 
- - S - S

500. 1000 
— 

1500. 2000. 2500, 3000. 3500.- 4000. - 4500. 5000. 5500. 0. - IL

,T42.SO 1. I. . . . . • . . . .42.52 2. .0 B • - - 
- - - - - - • - 

- 
- .. IL - 

- 
- 
. - • . : - 

-

~,-~42.54 3. - . 0 • B . . 
— 

. ~~~~~~ - . • • I
- 42.56 4, -~ - e- , 0 • l~ • . - . . S - — ~, -‘ • - . • - . ‘ -

_ _ 5
_ _ I ~~~~~~ 

- 
11 . 5  

- - -
- 

- S S _ • i _
S
... - --£. • • .u , , , , I • , , . I,

- 

- 
42.60 6. - , - . 0 .8 

— 
. • . 5 - - . 

- 
. , . 

- 
. 

- 
-

42.63 1. . . U B .~ . . , •
- -~
;
~ 42.65 8. ~~~~~~~ , - . - 

.- . - ,- 
•

- 0 B . .
5

- . ‘ - 
‘ 

- 

- 
- . •  

- 

‘ 
-

- 
- — 

~~~~~~42.67 9. - 
. . 0 B . . • 

• . - a - 
•

- - 42.69 10..... ,...,.,... .,,,.. ..........
- 42.71 11. . . . • O R .  . • - . -

- 
. . -

42.73 12. . , , . B . . . 
S 

- ,~~
- S 
42.75 13. - 

- . . . . . B . - . - - • 
• 

• . • - . ., - 5 -, -  • IL42.77 14. . . . . . 08 . - 
. , 

- S 
, - - , - : -

42.79 15, - 
- 

. . - . 
- 
. - - 

. 08 . - - . S 
-— 
, -

42.81 16.. - . ‘ . . . . .08 . • -  - • r42.83 17. . . . - . . . 0 B . . S • 
- S 

• -

42.85 18. • . . . . . 0 8 . , - . -
S

42.87 19. • 
— 

. . • 
— 

• . .0 B • . - , -

- - - 
42.90 2O......., ........,..,..,,.,,,,,,,,,,,,,,, ,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0,B, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 
42.92 21. 

- 
. . . , - , , , oB . • ,

S• 

~~~~~~~
- 42.94 22. • . • ~~. , , 0.B - . - S , •

- 
- 

42.96 23. • ‘ ‘ - - - • ‘ - 
- 
: • 0 B . - — . - 

• 
- - :. - 

-

- 42.9824. . . . , , 
S 

, , , 08 .
43.00 25. . , , , , , , ,
43.02 26. • • • . . . . . OR .

- 43.04 27. . , , . , , - . - . 0. B - - 
- 

• 
- -

- 
43.06 28. - - . . - . . • . • - . 01 . - •.

-- 43.08 29. - . . . , , , , , o B
43.10 30........ ,..... ,.... ,.,.,,, .,,, .,,,,,,,,,,,,, .,,, ., ,,,,,,, •,,,,,,,,,.,,,, ,,, •, ,,,, ,,, ,,,, ...O...B...,.,......,,....

- - - 43.1231. . . - . . . - . - - IL • - 
- 

S 

- - •O~~~~~ . - - 
- - - .

- 
- - -43.15 32. - - , • . 

S , , 
- 

- , , - - , ~~ B - - :• -
43.17 33. • • - 

, .  - • 
- 
. 0 B • . 

- - 
- , . 

S43.1r34. 
- 

. . - . .. - , , ,  - , - , 0 3 . 
- 

—

_ - 
-

43.21 35. - - - . . . . S • S • - -
- • 0 B • - , -

IL 43.23 36. - . . . , . . . • . OB . .
- 

- 
- - 43,2537. - - . 

IL 
, . - , - , , 

- 
- , - - - 

. 
- 
• B 

- 
. - . -  - 

- 
.

~~~ 43.27 38, - 
• . , , •

5 
- , 

- •
S 

- ~ , ‘;- . - :  
~~~~~~ 

-
~~~ ~~~~

- - ,

43.29 39. - - 
, , . , . . . . 

- 
.08 .

43.33 41. , , S 

• • . • . . O P .  - . -:
• 43.3542. • • . . , . . . . O R .
43,37 43, — 

, , . , . . . —O B
43,40 44, - - 

- . • . , . . . .OB. .

43.42 45. -
- . - . . . .. . . 0 B - . . - 

S S
_ _ _ _  - ~. - — -- ____ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - — — ---~~- 43,44 46. . . . • . - - . . O R  . . - •

- 43.46 47. - • . . . • . , 0$. . . • - -
- - S

- 
43.48 48. , , • 

—

, , , B , . , ,

- 43,50 49~, - - - • . , - ,. 
— 

~~~~~~~~~~~~ ~~ • • . - . -

- 

- 
- - 

- M~ BREACH DATA-~~~~
• DRUID 7 ELAN TFAIL W~EL FAILEI. - 

- S

- 
—- 50. 1.00 520.00 2.00 537.00 541.90 -L 
______ - -_

~~~~~~~~ ________

____ - 

-
~~~~~~~ 
_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ = ~~~—~~~~-
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S
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - S

F~
,
~

IL:_
~~~

_ 
~ ~~~~~~~~~~~~~~~~~~~~~ 

IL -5

~~~ ~

S ~ IL • 

____  Io/,~-~~:~•——PE*-unFLOv—Is 3191~ ArTII~~ 43.42 imu~r— ~~
— 

~~~ 
—— — - 

- ~. - ‘~~ J- - -  
I 

~

IL ~ 
S 

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

ITHE DAlI BREA~N HYDROGRAPII WAS DEVELOPED USING A TINE INTERVAL OF .042 HOURS INJRING BREACH FORMATION. ~ - 
S

DOWNSTREM CALCULATIONS WILL USE A TIIE INTERVAL OF ~ 250 RS ~ 5- - ~~~~_ - 5 

: - - 
~~; 

- 
~

~ 
) THIS TABLE COMPARES THE HYDRO6RAPH FOR DOWNSTREAM CALCULATIONS WITH TIE COMPUTED BREACH HYDROGRAPH. - 

_ ‘ ‘ 
- -

INTERMEDIATE FLOWS ARE INTERPOLATED FROM END-OF-PERIOD VALUES. - 
-

- 
- TIME FROM INTERPOLATED COMPUTED - 

~~

- - 
:‘ - . -

~~

__________________________ 

TiME BEGIN NING BREACH — BREACH ERROR ACCUMULATED ACCUMULATED - -~ . - 
-

- OFiREACH HYDRflGRRpH 1yDRo~~~H —- ERROF~ ~ T ERKUR —~ ~~

- 
IL 

- (HOURS) (HOURS) (CFS) (CES) (CFS) (CFS) 1’ (AC—FT ).-~
-
~~~ - - 

-~ 

- 

-~

S 

- - - 
~~

- - 42.500 8.000 - 841 - 
- 

841. -
- 0. - - 0, ;

~~~ 
. ; .  ~~~~~~~~~~~~~~~~ 

• IL~~~~~

-~ 
- 

S - 

- 
- 42.542 .042 - 1035. - 1494. - - —459. - - ~459, ~~~~~ —2. - -~r “ -s .

- 42•583 .083 - 1228. 1599. 371. —830, ~
- 

- 3• -
- - - .  - - - - 

- 42.625. .125 1422. 1702. - 
- 

—280. - 1110, - - - 4 ,  
- 

- -

- - 
S 

- -
. - - 

.
- - - - 42.W - .167 1615. - 1802. -187. -1297, -4. - - - -

42.708 .208 1809. 1898, —89. - - 
—1386. - —5. - 

-

IL 
- - 

- -t - - - -; - 

- 42.750 .250 
- 

2003. . 2003 . - 
- 0. -1386. - —5. - -

- -: ~
- - 42.792 .292 - 

2112. 2119. —7. —1392. - - 
- —5. - S

- 

- . 42.833 .333 2222. 
- 

2229. —7, —1399. -5. 
- 

IL

- 
- 

- 42.875 .375 - 2332. 2333, — I.  - 1401, 5,

- - 5 42.917 .417 2442. - - 
2446, 

- 
-4. —1405. - —5. - S

- 42.958 .458 2551. 2557. -6. —1411, —5. —

- : -. - - 
S 43.000 .500 - - 2661. 

- ~~~2661, ~~~ 0.~~~~~~~~~1411, - 
- 

5• -- - - - . :  -
- 

- 43.042 - - .542 2736, - 2758, - -22. - . 1433, 
- 

- - 
5, - 

IL

IL - 

-

- 

5

- - 

- 43.083 .583 2811. 2846, : —36. —1469, - 
—5.

- 
- - - 

- 
43.L2~ .625 2885. - 2931, - —46. 

- 
-1515, —5.

- 
- 

-
~: - 

- 43.167 .667 2960. 3006, 46. 1561. - 
-

43.208 .708 3035. 3066, —31. —1591. —5.
- -~~~. - • 

-
~~ ~. - 

S 

- 
- 43.250 .750 3110. 3110. - 0. —1591, —5. 5 ‘ 

-- - - 
S 

- - 
- 

~ 43.292 .792 - 3118. 3146, - —28. —1620, —6. 
- 

- -

_ - 
43.333 .833 3126. 3171, —45, —1664, —6. - 

- 
I

- 
- S I 43.375 .875 - 1134. 3187, —53. —1717. —6. - -- . - - : - - - S 43.417 .917 -

- 3142. 3191. - —49. —1766. —6. - -

- 43.458 - •958 3150, 3181. -31. —1797, -6.
IL 43.500 1.000 3159,- - —  

3158, 0. -1797. —6.-i IL- - 
43.542 1.042 3116. 3133, —17. —1814. —6.

-
- - , . - 

IL 

- 
43.583 1.083 3074. 3101. —27. —1841. —6. - 

- - 
- - 

-

- - - - 5
- 

43.625 1.125 3032r 3062.- —29. —1870, —6,
- - 

- 
-
- 

- 

- 
- - -

~ 43.667 1.167 2990. 3016. —25. —1895. —7. - 
-

- 
43.708 1.208 2948. 2964. —15. —1911. —7, --

• ; - .  - -- - ,- - - 
- 

- - - 43.750~~~ I.250 2906. 2906. 0. —1911. —7. - - ,  -
S- - - - 43.792 1.292 - 2836. - 2844. -9. -1920. -7. -

- 

-

- 
- - 43,833 1.333 - 2765 , 2778. 14. 1933, 7. 

— ---
- 

- 
.- - 43,875 1.375 2694, 2708, —15. —1948. -7. 

- -~ 
- - S

- - 43,917 1.417 2623. 2635. —12. —1960. —7. - 
-

43.958 1.458 2552. 2559, —7. —19~7. —7.
44.000 1.500 248I.~~~~~~~ 2481. 0. —1967. —7.- 

- 
‘- - 

44.042 1.542 - 2398. 2401. —2. —1970. 7, -

5 
- 

44.083 1,583 2316. 2319. —3, —1973. —7, - ILS - - 5 - 

44~ll $,68$ 2BJ4. tPJ?,~~~~~i. &I~J- IL - 44~*6P 1.667 liii , iio. t. •ini .
- - 

44.208 1.708 2069. 2070. —I , —1980. —7.
S - - - ; - 44.250 1.750 1986, — 1q86. ~~ 0.~~~ —1980. —7.

- 44.292 
- 
1.792 - 1905, 1903. 2. —1978. 7 - IL

___________________________ 
44.333 b Ill *024. 1020. 4. ‘1974. 

______ 

—7 ,
IL 

- ~~~~~~~~~ 

S 
- - 44.375 1.875 - 1742. -- - 1738. 4. ~~~—1t70. — —  —7.

- 
- 44.417 1.917 1661. 1657. 4. —1965. —7, - - 

-S - 44.458 1,958 1580. 1577, 3. —1963.— —— uN., ~~~ 
- 

‘-~~~~~~~ 
- - •—- 

~ii4i ~~~~~~~~~~~~~~~~~~~~~~~ 
—

IL - - - IL - . S IL ~~~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~ -
• ~~~~~~

- 
S - - - — -- ———~~~~~~~—-S -- —- -—~ - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -

- - s~~~~ 5 -55S-555--5 S-5~~~ 
S
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—
~~~~~~~

- -
~
--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 1

S ~~~~~ 
-

- - - - 
_ _ _ _ _ _  --

TIME (0) INTERPOLATED BREACH HYDROGRAPH
- (JIRSF 

- “1)) COMPUTED BREACH HYVR)GRAPH~~ 
_________- _ _ _ _ _ _ _

S 800. 1200. 1600, 2000, 2400. 2800. - 3200. 0. 0. 0, 0. 
- 0.

- 42.50 1.1 . • . . . . . . . . •--~ -
~~~ i~~~~~~~

— — ————-
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

- 
42.54 ~, 0 • I • . • . , . . , . -

42.58 3. .0 B . • . . . ‘ •42~63 4. • 0 • B . . . , , , . . IL .
• 0 P . • . • . . . .

- 
42~~71 6. - . . , 0 B . . • • . . . . :.• 

- 
.

- -

-~~ 
42.75 7. 

- . 
— — S-

,
S - .--- - - - -- 

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

~~~~~~~~~~~~ -- - ~~~~~~~~~~~~~~~~~~~~~ _~~~ _ _ _~~~~~~ ________IL 42.79 8, . . , , B . , . , . . , - - ,42.83 9, . . . B . . . . . -

42.88 1O,,,,,.,.,,,.,,.,,,,,,,,,,,,,,,,,,,, ...B.. ,,•,,.,, a .,,•,,,~~
,,, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~ 42.921!. . . . — 

- . .1 • . . . . • s - I L ’42.96 12. . . - , . B . . ,. .
43.00 13. , • 

- 
. • B . • . . - , 

- 
. -

43.04 14, , . . . 01. . . . • . S43.00 15. - . . . OR . . . - . 5
,

43.13 16, . . . . .OB • • • . . . 
43 1fl7, I L .  

• -  • , - • - . . • 08 •~~~, , - • • -
- 43.21 18. - 

- - - - 
• . . 

IL 

• 
IL • • .“  

~• 5~ 
- • • IL - , - - 

- 

• -
43.25 19. , . . . . B .  . . • S

- 43•29 20.,.,.,~,,,,, .,,,,,,,,,,,,,,,,, . ,.,,.....,,,,,,,,,.,,,,,,,,oR.,,,,,.,,,..,,, .•.•..... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
- 43.33 21. . • . 

S • . OR. • - . . •43.38 22. . . • . . O R  . . . . 
S

- IT I~~~~~! -~~~ - ITh —- - IJ,.~ ~.J• • , - , , , Ut’ • , , 
- -,  -

-
- 43.46 24, . . . - . . OB . . - , • -

43.50 25. . . . . . B. • . S • ,
I - 43.54 26. ~ B.  - , ‘ - ‘ ‘ 

-

( )
43.58 27. - . • • - . - . (lB . . • 

- . .- • S

43.63 28. • . . . • OR . . . .
43.67 29, . , ~~~~~~~~~~~~ •- 43.71

- 43.75 31. , , . . , B • - . • -

43.79 32, . . - - - . .~~~~~ • 
.B .ff • 

—

. . • 
— 

-43.83 33, - , . - .. - . B. . ., 
- . . - ,

43.88 34, . . . - , O P .  . • . -  . . . 
IL5 5 

~‘ 43.9235, 
- • • • B • .

‘
- • ‘ •~~ .

- - 

- 43.96 36. -, • . . . B . • - 
IL , - 

— 
-~ - - - 

-

- 
- S  

44.00 37. -

; . . . • B • - • 
- 
. • 

- 

- 

- 
,

_ 

- ~ 5~
--

-. 44.04 38. . • . • B , • - . • , .- 44.08 39, . . B . • . 
-

IL - 
, • s

44.13
- 

44.1741, 
- 

- - , - . . ~B .  . - • S 
- • - - IL 

-- 44.21 42. - • ~ . S . , • • . S ‘ 
- 

IL 

- - ~

- - 
- 

44.25 43. - 
. 

S 
- • B . • • . . . - - - • 

- S -

- - 44 .2r44. — . — 
— 
B ~~ 

~~~~~ ~~~~ 
•~~~~~ 

-
. . ~~~~~~~~~; - . • -.44,33 45. . , B . . , , , • . • 

- - -
- 44.38 46. , • BO . . . • . . .

. ,IL, I L - I L4 4 , 4 247, • - .P0 • ~~~~ • • ‘ IL ’-
~~ • I. ‘ • • ‘ • ‘ IL‘ 44.80 49. - I Ii • 6 a • . _

_ ‘
!._

-—-5—. - — a.. — ~~~~ ——--—— —~~~a—
_
~~a*•e~~ aa .aaa ~~S S. . ~~ - ____________________________________

- -
IL

- . -  ~~ IL1

- 

---
~~~~

---- - -

I - - IL BRM $REACN PATA - - 
S -S - 

- IIUIb~~ 
- 

Z ELM TFATL 
- - WSEL FAILEIS 

- 50. 1,00 520,00 4.00 537.00-541.90 -

--
IL 

- -  — - -  5——- - S  -S - ~~~~~~~~~~~~~~~~~~ - S _ - - - - S-5-55~ -
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-
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~~~~~~~ ~ 
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~~~~ 

IL 5 -  _ 5. —
L a ~~~~~~n

-5

~:Au
S 

Al 42.50 HOURS ~~~ ~~~~~~~~~~~~~~~~~~~~~~~
— 

~~~~ 
S 

~ ~~~ 
_____

/,?
S

_ .IL 

PEAk OUTFLOW IS 1988, AT TIME 43.58 HOURS
—5-”-- --- -5 ------ - - - -- - ---~~-- ~~~~~ S - - - - - -  ---- S - - S-S ~~~~~~~~~~~~~~ 

S

~
- 1THE DAM BREACH HYDRO ORAPH WAS DEVELOPED USING A TINE INTERVAL OF .083 HOURS BORING ~ EAcH FORMTION. .

IL ~ DOWNSTREAM CALCULATI ONS WI LL USE A TIME- INTERV AL OF .250 HOURS . 
S- — S ~~~~~ THIS TABLE CONPARES THE HYDROGRAPH FUR DOWNSTREAM CALCULATIONS WITH - THE COMPUTED BREACH HIPROORAPH. S

S 
- 

S 
-
‘ 

INTER MEDIATE FLOWS ARE INTERPOLATED FROM END-OF—PERIOD VALUES. - -

11HE FROM~ INTERPOLATE COMPUTED~
-- - 

- S ILS TINE BEGINNING BREACH — BREACH = ERROR ACCUMULATED ACCUMULATED
________________________________ 

OF BREACH HYDRO GRAPH HYDROGRAPH ERROR
_______ 

ERROR
S 

- - (HOURS) (HDURS) (CFS) - ~~~CFSr (CFS) (CFS) (AC~fl - 
-

-

- 

- IL - - SIL -IIL - - 
- - -

- 
___________ - 

- 42.500 0,C00 841. 841. 0. 
- 0. - 

0. 
-- - , - 42 5B1 - 

.0B~ ~~1081. - 1471~ -3?i~~ ~3V1. -3~. - - 
— -~~~~~ —

IL - 42.667 .167 1320. — 1518. 
- 

—198. —589. —4. - 
- - - :

42.750 .250 1559. 1559. 0. —589. —4. - - -

IL - - . - - - - - 42.833 .333 - 
S 1615. 1604. 

- 
:. 11. - 578 . - 4 .

-
~~~~ - - 42.917 .417 - 1670. 1670, - - 0. - —578. —4. .~~ 

-
-

43.000 .500 1725. 1725. 0, - —578. —4 .
S - 

- 43.083 .583 1780. 1781. 0. —579.
S - 43.167 .667 1836. - 1842, —6. —585. —4 ,  

5 -
IL 43.250 .750 1891. 1891. 0. —585, —4, -

S S 
- - - 

- 
~
- 43.333 .833 1922. 1930.. —8. —593. —4. -

IL 

IL IL 
- .- 43.417 .917 1952. - 

-
- 1960.. —8. —601. —4. -

- - 
- - 43,500 1.000 1983. 1983. 0. —601. —4. -

5 - - - 
5

- 
- 43,583 1.083 1975, - 1988 , - -  —13, —614. -4.

S 

- 43.667 1.167 1967. 1977, —10. —624. —4, -IL -

43.750 1.250 
- 

1958. 1958, 0. —624. —4.

43.833 1.333 1927. 1936, —9, —633,
-

S 
-
- 

- - - - s 43.917 1.417 1895. 1904. —10. - - —643. —4. -

IL 

- 
44,000 1.500 - 1863. 1863. - 

0. 
- 643. : 4. IL

IL - 44.083 1.583 1816. 1815. - 0. —642. —4.
- - 44,167 1,667 1768. 1770. —2. —644. - —4,

- 44.250 1.750 1721. 1721. 0. —644. —4. - -
- - 

-c - - 44,333 1.833 - 1667. 1669, —2. 646. ~~~ - y -

- 44,417 1.917 1614, 1615. —2. —648. —4, - - -

S- - - 
44.500 2.000 1560. 1560 . 0. —648, —4.

S - - 44.583 - 2.083 ~~~~~~15O3, 1503. —0. —648. —4. - 
5

- - -
- S

- S 
- 44.667 2.167 1446, 1446. —0. —648. —4, - - -

- 44,750 2.250 1389. 1389, 0. —648. —4.

44.833 2.333 1333.  1332. 1. —648, —4. 
IL 44.917 2.417 - 1276. 1276. 1. —647. —4, - - -~ S- 

45.000 2.500 1220. 1220. 0. —647. —4.

- IL - 
45.0B3~~~2.583 1166.  — 

1164. 1. —646. —4 .
IL 

45,167 2,667 1112. 1110, 1. —645. —4,

- - 45,250 2.750 - 1058, 1058. 0. —645. -4,
- . 

- 
- - 45,333 2.833 1007. 1006. 1. —644. —4. IL

- ~~~ S 
- 

45,417 2.917 - - 
957. 956. 1. -642, -4. - 

IL

- - - 45.500 3.000 907. 907. 0. —642. —4.

IL 
IL 45.583 3.083 861. 859. 1, —641, —4.

45.667 3.167 815. 813. 1. -640. -4.

—
- 4I~#4 $.aso 

_____ ~8I. 788. 0, ‘840. s4, IL

-~ - IL~ 
- - 

— —--
45.833~~~~~~ -3,333 ’ —--- ‘727,~ 725.~~~ ~~2. —638.

- IL
I L 4  

- 
- 45.917 3.417 ~~

- 686. 684, 2. -636. -4.
—

~~~~ 

- 
- 

46.000 3.500 645. 645. 0. —636. —4,
S 44.0ff ~.5l4 610. - 

600, 
-— 2. -634. -. _4~~5 - S

4..1,, j,M~ 175, 573, 2. —632. —4. 
-

___________________________ 46.250 3,750 539, 539, 0. —632. —4.
- 46.33r 3.833 510. 508. 2. —630. -4. - - 

-
c - ‘ - - 46.417 3.917 481, 479, 2. —628. —4.  S
S IL~ — 5 5~ —- — ~~~~~~~~~~~~ — - —— -

- - , 
- , 

- - 
IL 

~~ 
— _S~~~~~~~~~ -- -

— 
- _____



- - . - ~~~~~~~~~~~~~ IL

IL

S S
” - -

-
IL 

-- -- 5 5~~~~~~
___ S 

IL 

—

STATION 2 /- 
S //~ - .

- 

TiME (0) INTERPOLATED BREACH HYDROG RAPH - “
~~ - 

-

- (IRS) 
______ 

(B) COMPUTED BREACH HYDROGRAPH -
- 600. 800. i000.~~~~1200. 1400. ~~1600.~~~ 1800, 2000. 0. — S  

o• ~ o
.

42.50 1. • . 8  . . . • , , , , -

42.58 2. . . . 0 . • B 
- 
. , 

— 
.

- 42,67 3. - , - , - . . 0 , B . , • 
— 

, 
- 

- S IL ,
- - 42.15 4. - 

. S S S P • • . . S -

42.83 5. 
- . , , . BO , , , , S S

- - 42- — —— - — - _______________ ______________ 
IL -

IL ~~ •~ ~ . , , , , • IL • , - ,
_

IL-
- 43.00 7. . . . . • B . . . . .

43.08 8. .. . . • . . B. . • . • 
IL

-43.1T 9. . • . • . . . B  • . . .

- 43.25 10,.,,,.. . . . , , ,. . . ., . • . . . • . • . ,. , ,, .,,, , •.. •. . , , , • . , . .. . , • , . . . . . . . , , , ,, . , . , .1...,,, .. ,., , . , , , , , , ,,.,,., ., ... . e.•••..
43.33 11, - . 

- . S • . , OR . . S S

43.4212. — . . . .. . • , B .  .
43,50 13. . . . . . . , B. , . - , - -
43.58 14. . . . • • . B. . . . S

- - ‘ 43.67 15. - - . . -

— 
. . .  . , OR. - . .~~~~~.

Js 43.15 16. - . . . 
- S - • 

- 

- • • . B . . - . - ~~
- •

- 43.83 17. . . . . . • - . 08 . .

- 
43.92 18. . , . . • . , B . . • .
44.00 19. . . . . - - - . • . 8 . . . •
44.08 20.,..,,...,.....,,.,,.,.,,.,.,,,,,,...,,,,,,,,,.-,,,,,,,,,,,,,,,,,,,,, • ..B...... . ... .. ....... •. , .•,,•,,•,,,,,,.,,,,, IL

- - -
‘ -

~~ 44.!721, - - - - 
- 

- I L  • - • GB. . . - ‘ 
S

5 - - - _
~~ 44.25 22. . . . . . B - 

IL

,

~ 44,33 23. . • . . . . B . . . ‘
- . 44 42 24. - • S ~~~, - ~~~~~~~~~~~~~~~~ • 

—

~~ S( 44.50 25,- . . , - : . , • 8 .  . . . •
‘- - — 44.58 26. . . . . . B . . . - .

44.67 27. , . . , .8 , . 
—
, . . -

- 44.lt 28. - - . . S 
• 

- . B. . . . . - . -
. 

:-

- 
44.83 29. . . • . B . • . , . -

IL -
- -45.00 31. • . • .8 . . . . .

45.08 32. . . . B. • . . . . . -

- . . . B . , . . . . .
- 45.25 34. . . 8  • IL . . • - ,  -

45.33 35, . . B . . . -  . - •  • . . 
IL

- - :- 45,42 36, , , B • , ,- 
- - • - -

.

45.50 37.- - - - . - .~ B • . • . . . . . IL - 
~ , - J

45.58 38. . - . . B , , IL , , , - , 
~

- 
.,

- - 
45,6739, , ~~~,B , , ——  

, - , , , , . S

~ . 45.75 40,.,..... ,,,,, .... ,B.,.,.,...... ,,,, .,,,, ..,.,.,,,.,,,,,,,, .,,,, ,,,,,,,,••, .,,•,,, ,,,, ,,,,, , .•,~~ •.••••••~ .•,~ ••,•,,
- 45.83 41. • B . . 

IL 

, , , , , -- -
~~ 

~~~~~~~~ 
S _______ — -— — - - - — — -  ~- - .~~--— ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ — - 1 -

IL- 

~~~~~~ 

~~~ , I IL • , . , • - - IL -

- 
46.00 43. - . 1  5 

• • ,

- : 
- 46.08 44. . • , , , , ,

I L ? J .1 46.h7 45 •
~B. - - , ;---- , , “ - “

~~~~~~, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S - - ~~-~~~~46.25 46. B , -  - , , , , , s~~~,,
- 1~ 46o31 47i 

- 
II I 4 . - I . - a 

_______ 
a IL

S S 5 A A A~ - 
~~~ —IL - - - - IL— IL ~~ -~~~- - 5  ~~~~~~~ - -- ~~ --~~~ IL ~~~~~~~~~ ~~~~ 

IL~~- — -~~~ a.- 5- 5IL s~~ ~ !SIL~~I~~~~V•  P • , , , , , , • 
- 

, 
IL

IL 

~ 46,50 49, 1 . . , . , , , , , ,

-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-

-- 

.
IL S - 

:-- 
- -

~~

-
S 1t~~ 

S 

_ _ _ _ _

-

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

5— - -  - -- __________ - — — - 
IL~~_ • l IL -

~ -
- • IL - - 

IL

- - - S ~~~~~~~~~~~~ S55~~~ 5-~~~~~~~~~ 
_________

- --~~~ - - S IL -~ S -
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- 

IL 

- 

HYDROGRAPH ROUT ING 
- I4/ ~q

S 

R E A C H 2 - 3  
s 5IL~~

________________________ ISTAG ICOMP IECON ITAPE itT JPRT INANE ISTAGE IAUTO
— 1 0 ~~~~~0 0 0 I 0 ~~~~~ H

S 
- 

- - 

ALL PLANS HAVE SAME
- - S - 

ROUTING DATA 
* - ——-  S -

GLOSS CIOSS - AVG IRES ISANE IOPT IPIW LSTR - 
- 

- S

0,0 0.000 0.00 1 1 0 0 0 -

- - : - , - . IL NSTPS NSTDL - LAG AMSKI( X TSX STORA ISPRAT 
S 

- -
~ 

-

~

_________________________________ 1 0- 0 0.000 0.000 0.000 0. 0 - 

S
.

NORMAU1)EP’TW CHANNEU ROUTING IL 
- ~:- 

- - - 
-

S 

- 
- 

08(1) 08(2) 08(3) ELNVT - ELMAX RLNTH SEL - 
- 

- 
I L _ S .  

-
S - - - 

.0600 .0400 .0600 515,0 540.0 350. .00600 - S - 
- 

- 
- - 

-
- - S - 5 5 5 - - - . -~~ IL

IL 4-

-
- ~- -  

- 
CROSS SECTION COORDINATES~-STA,ELEV.STA,ELEV--ETC” - - 

S 

IL 

- -

0.00 530,00 200.00 520.00 800.00 517.00 801.00 515.00 810,00 515.00 - -
S

811,00 517,00 880.00 520,00 1050.00 540.00 - -

STORAGE 0. - - 0. - 1. - 4. 10. 17. - 25. . 34. - 42, - 51.
61. 71. 81, 91. 102. 112. 123. 134. 144. - 156 -

OUTFLOW 0. - 38, 163. - 
1052. 3708, 8875. 15851. - 24515. - 34807. 46696.

60169. 75224. 92802. 112637. 134083. 157108. 181685. - 207790. 235404. 264511. -

: IL 
-. 

- 
STAGE 515.0 516.3 

- 
517.6 518.9 520.3 - - 

- 521.6 522.9 - 524.2 525.5 
- 

526.

528.2 529.5 530.8 - 532.1 533.4 534.7 536.1 537.4 538.7 - - 540.’
- - FLOW 0. 38, 163. 1052. 3708. 8875. 15851. 24515. 34807 . 46696-

60169. 75224, 92802. 112637, 134083. 157108. 181685. 207790. 235404. 264511.

NAXIIU( STAGE IS 522.2 Fl
IL  

. 
IL 

-
S 

- IL~~~~~~~1
—;:- -- 

IIAXIMU M STAGE15 521.6 
— ________________________________________

- - 

MAXIMUM STAGE IS 520.6 - - 
-

MAXIMUM STAGE IS 520.0

-~ -

- MXINWISTAGE IS — 319.4 IL 

- —— — 

- - S

-IL 
-

- 

~
:- - IL

• - 1*8*8*8*8* 1*1*1*8*1* *8*8*8*8*8 *8*1*11*1* . 
- - 

S 

-

~~~~
)

~~~
- - 

- — HYDROORAPH ROUTING —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S 

R E A C H 3 — 4  
-

S 
- 

S 
- 

— ISTAG 1C NP IECON ITAPE ~~ WLT JPR1” INANE ISTAGE IAUTO
-

- 

- 4 1 0 0 0 0  0 0 0
- S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - S - ~~S
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S
~IL

ILIL_T_IL
~IL5 ~~~ - 5

~~
S
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_~-~-_S55~ 
- -  — -

5 -  ~~~~~~~~~~~~~~ IL S~~~~S 
- -  

- £3
_______IL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _

i
s - 1*1*8*1*1* *1*81*1*1* *1*8*8*11* *8*8*1*8*8 

- 
*11*8*1*1* - 

S~

IL~~~ IL IL 

HYDROGRAPH ROUTING -

REACH 3 - 4
S 

- ISTA~~~~ COIIr~~IECON — ITAPE .FLT IFRT IIIAME 1STAGE~~1MlTO — 5 
IL -

IL 

•~~~~ IL 

IL 4 - 
0 0 0.  0 - 0 • 0 -  . - 0  - - - I L

IL~~
_

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

- -~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~I.ANS HAVE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IL ROUTING DATA IL 

- 
S

GLOSS CLOSS AVG IRES ISAME IUPT IPNP LSTR -
S 5 - - S 

0.0 0.000 0.00 1 1 0  0 0 - - . - - - 
-

IL 

IL

- NSTPS NSTIL LAG AMSKK X TSI( STORA ISPRAT 
- 

-S 
S 

~1 0  - 0 0.000 0.000 0.000 — 0 .  0 —- 
-

_ _ _ _ _  -

S 
NORMAL DEPTh CHANNEL ROUTING - 

- 
-
S 

- 
- 

IL

S 
- - - - 

S 

- 

- 
-

S 08(1) ON(2) 08(3) ELNVT ELNAX RLNTH SEI 
IL 

- 

IL 

- - 
- -

-
~~ 

- - .0600~~ 0400 .0600~~512.O 54O.O 3o0,~~o1o0o 
— 

- - 
IL 

- -

~

- - -

~~~~
- 

- . 

S

- CROSS SECTION COORDItffiTES——STA,ELEV,STA,ELEV——ETC 
S — 

IL 
-

____________ 
0.00 530.00 250.00 520,00 830.00 514.00 831.00 512.00 840.00- 512.00 

- 
-

-: - - 141,00~ 5I4,00 900.00 520.00 1100.00 540.00 - - - 
IL 
~~~~~~

______ 

STORAGE 0. 0. 1. 2, 6. 
- 
11, 18. - 25, 32. 

- IL 41
S IL IL 

- 5 49. 59. 68. 79. 89. 99. 110. 121. 132. - - 143.

OUTFLOW 0. 59. 267. 1278. - 3780, 8316, - 
15943. 26557. 39632. 55164

- - 
S m177. 93712. 116819, 145033. 176631, 210892. 247769. 287225,~~~329228, 374154 - -

________ 

STAGE - 512.0 513.5 514.9 - 516,4 517.9 519.4 520.8 522.3 523.8 -. 525.-
S - 

526.7 528.2 529.7 531.2 532.6 534.1 535.6 537.1 ~~538.5 - --

FLOW 0. 59, 267. 1218. 3780.. 8316, 15943. 26557. 39632. 55164- -

S mill . 93712, 116819. 145033. 176631. 210892. 247l69. 287225~~~ 329228. - -. jmis4 .- -

MAXIMUM STAGE IS 519.9 
- . - IL - 

.
—IL-— _.______~ ~~ s ~~~~-_ ~~~~~~~~~~ — -IL - S~~_ IL _ S I L  — S_~~ IL_IL__ILIL~~_~~_IL - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MAXIMUM STAN 11 519.6 5 
-

IL 

~~I~~~5~AGtI5 518,3 - - 

IL

- -
IL

- 
S

IL IL - S 
- - 4

.IL - -

MAXIMUM STAGE IS 517.6 - IL 

-

—_____________ 5 - —- - -~~ •~~S 
IL 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IL.- IL-IL~ -— ~~~~~~ —-  - - IL IL~~ ILIL~~~-~~~~S - -  
—S 5 IL _

~_~~~~ •_

- NMIIWN STAN iS 516.8 - -~~
S 

( ILILIL~ - 
— -___ - 

-

IL

-
S

*8*88*8*1* *8*1*1*18* 8*1*1*8*1* *1*1*81*1* *11*18*1*8 -

- 
1 

IL 

IL 

- 
-

- 
S 

- 

- S

- __._—. s_ IL aILq __— .__ IL_IL.  IL_-_IL_ — . - IL --—— - 5— - — 5

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ * A.
~~ 

-
~~ -—‘ ---5----—- - - - ~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~ 
w - ~rw ~~~~~~~~~ ~~~~~~~~—

.7 
- 5- 

IL - 

4,
- 

*8*88*1*8* 11*1*1*18* *1*8*8*88* *11*8*1*11 1*8*8*8*8*
--——-IL — IL-.- -—IL .--_— _-IL.-_ 

_ - —— S S

S -

- - . PEm- FLOW AND STORAGE lEND 1W PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMFUTATIONS
O 

‘ IL FLOWS IN CUBIC FEET PER SECOND (CUBIC METERS PER SECOND) 
IL~

IL 

- __-._~ 
- —— AREA IN SQUARE MILES_(SQUARE KILOMETERS) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

_________ 
RATIOS APPLIED TO FLOWS

OPERATIOW STATION~~~~AREA pLAN RATIO 1 ____ _____________

- .30

• 
- HYDROGRAPH AT 1 1.10 1 968. -

- - C - 2.85) I 27.42)1
IL 

_ _ S~~~ _ I L~~~~ _ SIL__ ILIL 2 5 - 968. ~~~~ — - - — -- - - - ——---- ——-————-—_____

S 

- 
•~~~ 

I 27.42)1
S 3 968. -
IL IL _ IL_ _S ___ _ _ _

(._27 42)(_ IL.-. — _ .

S 4 968. -

_____________________ 

I 27.42)( S 
S

5 968. — - S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- C 27.42)(

¶~~~~~
- _

ROUTEDTU 2 1.10IL IL
I i4039.~~~~~~~1 2.85) C 397.53)1

_______________________________ 2 8869.

‘

~. ~l 
- 

- 

3 5204.-— IL

-
________ IL ~ 147.37)(

IL~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5IL

4
~~~~~~~~~ 3J59, _ S S  

1 89.43) 1
______________________ 5 1983.

1 56.16)t - S S I L I L  S -IL IL~~ 

- 

- 

ROU TED TO 3 1,10 1 12276.
IL (

~~~2.85 5r-34 7 ,63 x~~~~
—

~~ 
———- 

2 9240,
1 261.64)1 

_____________ 
-

IL 
IL ~~~~~ ILIL~*_ILIL 3 —- 5131, - __________________________

C 145.31)1
______________ ______ 

4 3211.
— 

- -  

— S 
~~__ - — ____IL— - i vo.~~rr — -____ - —  IL - -

- 5 2011.
- 

_________ ________ - -____ S -S- IL - I L -  IL - _______________________

S j (
~~~ 

ROUTED TO 4 1.10 1 11127.
- 

________________ _______ 

C 2.85) C 315.07)1
— S IL. __

~~~___IL ~~~~~~~~~~~~~~~~~ _ _ I LS _~~~_ — IL IL - IL s I L -  - _ __- - _ _ _ _______________________S —

C 263.70 (
r~~ ~~~- * ~~-.: - 3 5159.

— 

~
- - ( 146.09)(~~~~~~~~~~~ 

- — ________________________________ 
IL

ThV~ 4 3211.( 
~~

- . I
S ______

1 56,70)1

1 ~

____
~~

_ — I L - IL - - -  IL - SUMMARY 1W BAN SAFETY ANALYSIS - - ——
-
~~~ _ _ _ _

— -~~~~~ - -— 
____

~

1L

~~~ 

~~~~~~~~~~~ 
-



~~~~IL ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~‘ ~~~~~ 
-
~~~~~~

_ _ _ _ _ _  - 5 -- — I L—  5--- - 

9 

IL

- -  
:— —------1 —- -—

. - , SUMMARY AM SAFETY ANALTSIS —-—-- 
- - ,p-OIL

S 

~~‘:~ 

IL 

- - - 

- - 
- - -

~~

~ I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~

SIL •IL
~~~
_

~ILINITIAL VALUE SPILLMAY CREST 1w DF NN ~~‘- S ELEVATION 537,00 537.00 - 539.70 -
- -

___________________ 

STORAGE - 215. 215. 282.
IL 

S OUTFLOW 0 -
~~~~~

—-0. -- 226.
0 5

~~~~~~ RAUD -- MAXIMUM MAXIMUM - MAXIMUM MAXIMUM - - DURATION - TIME OF ~~TIME OF~~~o - OF RESERVOIR DEP1N STORAGE ~J?P~OW IWIR tP Ml aflFL~ ,uLm
_ _ _ _ _ _ _ _- 

PMP i.S.(LRV OUON 3M AC4? 
- 

CFS

- - .30 541.90 2,20 354. 14039, 2.68 42,75 42.50

• PLAN 2 ... ....,....,.. INITIAL VALUE SPILLWAY CREST TOP OF 11411
ELEVATION 537.00 537.00 539.70

- STORA6E 215, 215. ” 282r
- .  - OUTFLOW 0. 0. 226.

S 
RATIO MAXIMUM MAXIM UM MAXIMUM MAXIMUM DURATION TIME OF TIME OF

IL 

- OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MX OUTFLOW FAILURE
- PMF LS.ELEV — OVER DAM — AC-FT ~~~- CFS HOURS ~~~ilOllS - — HOURS

____________ 

.30 541,90 2.20 354. 8934. 2.78 42.97. 42.50

PLAN 3 ..,..,.,, .,. .,. INITIAL VALUE SPILLWAY CREST TOP OF BAIl
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TABLE NO.1

COMPARISON OF WAThR SURFACE ELEVATIONS S

- STOVERS DAN

PMF — 3,230 cfs

crest Elevation — 542.3 Low Point — 539.7 Spiliway Elevation — 537.0 IL

CREST OF DAM 750’ D/S OF DAM*
STAGE ELEVATION DEPTH APPROXIMATE ELEVATION

A. At Low Point in
Embankment Crest 539.7 0 514.7

- B. 30% P141 Overtopping
No Breach 541.93 2.23 515.8

C. 30% PMF Over topping
(15 Mm . Breach) 541.9 2.20 519.9

D. 30% PMF Overtopping
(2 Hour Breach) 541.9 2.20 5 17IL6

*Several houses located about 750 feet downstream of Stovers Dam. 
S

Condition C: (Time refers to elapsed time after start of storm).
Time to reach breach elevation 541.9 at dam = 42.5 Hours.
Water level 750’ downstream at 42.5 Hours 515.8.

- Duration of breach 15 Minutes.
Time for Breach to peak 750’ downstream .25 Hours.
Peak elevation 750’ downstream due to breach — 519.9. IL

Rate of increase iii water level • 4.1’ in 15 MinutesIL

S
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GEOLOGIC REPORT

Bedrock — darn and Reservoir 
IL 

S

Formation Name: Martinsburg Formation.

Lithology: Medium gray to dark gray shale, weathers to light gray
or light tan. Locally interbedded with argillaceous sandstone,
red shale and thin bedded argillaceous limestone. No limestone
has been mapped in the vicinity of the dam, but outcrops are scarce 

S

and no boring information is available.

Structure

The beds at the dam are in the lower limb of the Lebanon Valley
nappe, a complex fold and fault structure. The bedding generally
dips south at about 20° to 30°, but is often obscured by cleavage,
especially in the Martinsburg Formation. Thrust faulting is common,

IL and one fault is mapped just south of the dam. Air photo fracture
traces trend N20° to 30°E and N85°V.

(. 
) Overburden

No core boring information is available f or this dam, which was
originally built in 1820. The overburden in this area consists of
weathered shale, which is commonly 10 to 30 feet thick. Alluvium
in the valleys of small creeks such as the Brandywine generally

IL 

consists of silt and clay with minor sand and gravel.

Aquifer Characteristics 
S

The Martinsburg shale is an essentially impermeable rock and ground
water movement is along secondary fractures, joints and cleavage.
The upper weathered zone is usually quite permeable, and in the
unweathered shale major fracture zones can also be quite permeable.
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Discussion

This dam has a long history of leakage at the toe of the embank—
asnt. 110 fo~~dItiOn informatiOn i~ availabló- and it is possible
~~~ 88 j~44~~U UMRPI 8f à~i~ ~~~ w~~ ~~~ maae, ~ 4.. 1tk.3.~therefore, that much of this leakage is through the weathered
zone in the shale. There is no indication that the leakage has
increased with t ime , and it is unlikely that the leakage would
noticeably accelerate the weathering of the shale. The leakage
therefore, probably does not represent a threat to the darn.

Sources of Information S

1. Geyer , A.R. , and Gray , C.,  et a].. (1958) “Geology of the
Lebanon Quadrangle”. Pa. Geological Survey, Atlas l67C. 

IL

2. Air Photographs, scale 1:24,000, dated 1969.

3. Inspection reports in file .
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