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PREFACE

I
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 dam, removes
the normal load on the structure and may obscure certain conditions
which might otherwise be detectable if inspected under the normal operating

P 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 spiliway capacity and serves as an aid in determining the need
for more detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage potential.
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( PHASE I REPORT
NATIONAL DAN INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND REC OMMENDATIONS

Name of Dam: SWEET ARROW LAKE DAN, NDS NO. PA-00680

State & State No. PENNSYLVANIA , 54—102

County: SC}IUYLKILL

Str eam: UPPER LITTLE SWATARA CREEK

Date of Inspection: November 8, 1978

Based on the visual inspection , past per for mance and the available
engineering data, the dam and its appurtenant structures appear to be in
fair condition.

In accordance with the Corps of Engineers’ evaluation guidelines the
combination of storage and spiliway capacity is capable of passing only
32 percent of the Probable Maximum Flood (PMF) and the spiliway is
considered to be seriously inadequate. The dam in its present condlticn
is consider ed to be unsafe , non—emergency.

The following recommendations are made for action by the owner:

1. That a detailed engineering investigation be conducted by a
professional engineer, qualified in the design of dam con-
struction, to determine what measures should be taken to
improve the capacity of the spiliway.

2. That the top of dam and the downstream slope be yrovide4 y~th
a protective cover. iii,). J

3. That a procedure be developed and implemented to provide
regular maintenance of the embankment slopes and spiliway , ~~~~~~~~~ 

I
includ ing the removal of trees and brush on slopes.

4. That the foo tbr idge be supp lied with a safe walk ing platform ,
and a manhole cover be installed on the intake tower platform.

5. That the blowoff facilities be operated~~~~. gervic~d. at least
twice a year. — —
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6. That a formal surveillance and downstream warning system be
developed to be used during periods of high or prolonged
pr ecipitation.

SUBMITTED BY: APPROVED BY:

BERGER ASSOCIATES , INC.
HARRISBURG , PENNSYLVANIA

DATE: Apr i l  6, 1979 G. . WITHERS
_____ Col nel , Corps of Engineers

District
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PHASE I INSPECTION REPORT
NATIONAL DAN INSPECTION PROGRAM

SWEET ARROW LAKE DAN

NDS—ID NO. PA— 00680
DER— ID NO. 54—102

SECTION 1 — PROJ ECT 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 hazard to
~~human life and property.1~

1.2 DESCRIPTION OF PROJECT

~~

4

~~~~

Description of Dam and Appurtenances

Sweet Arrow Lake Dam is an earthf ill embankment with a maximum
height of 35.5 feet. The length of the dam crest is about 480 feet.
The ends of the embankment tie into the remains of an older and higher
dam which failed, due to overtopping, in 1862. A cutoff trench was exca—
vated to solid rock and a grout curtain was installed . The spillway,
which has a crest elevation of 14.5 feet below the top of the dam is
located in the west (left) abutment , and is separated by a high ridge
from the embankment. The 50 feet wide spiliway was excavated in rock
and is unlined . An intake tower is located at the toe of the upstream
slope. The intake is controlled by two 18—inch gate valves and the
discharge is through a concrete conduit beyond the downstream toe of the
dam. -

~~~~~~ r
B. Location: Pine Grove Township, Schuylkill County

U.S.G.S. Quadrangle, Swatara Hill, PA
Latitude 4O°~34.2’, Longitude 76° —22.0’
(Appendix F, Plates I and II)

C. Size Classification: IntermedIate (35.5 feet high, 3110
acre—feet)

— 1 —  
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D. Hazard Classification: High (Section 3.l.E)

E. Ownership: Borough of Pine Grove
17 Mifflin Street
Pine Grove, PA 17963

F. Purpose of Dam: Recreation 
—

G. Design and Construction History:

The present dam was built on the site of a previous dam which
had been constructed as a water supp ly dam for the Union Canal. That

• dam was probably about 10 feet higher than the present embankment and
• failed In June 1862, due to blocking of the spillway by a log jam. The

breach width across the valley was about 200 feet as can be noticed from
contours on Plate III, Appendix F.

The present dam was designed and constructed by the J. C.
• White Engineering and Construction Company , New York, for the East Penn

Electric Company. The reservoir water was to be used for a power plant
located about 3/4 mile downstream. The East Penn Electric Company was
later acquired by the Pennsylvania Power and Light Company. The original
design was slightly revised on the recommendation of PennDER and a
permit for construction was issued on October 12, 1922. Construction
started in early 1923 and was completed on December 10, 1923.

H. ~orma1 Operating Procedures

The reservoir at present is used for recreation, fishing and
boating. The Borough of Pine Grove acquired the dam for possible future
use in their water supply system. All inflow is either stored or dis-
charged over the spillway.

1.3 PERTINENT DATA

A. Drainage Area (square miles)

From f i les — 19.3
Computed for this report — 20.5

Use 20.5

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

Maximum known flood, since construction of dam ,
June 22, 1972 based on records for the U.S.G.S.
gaging station, which is located 20 miles downstream
from dam : 7,000

— 2 —



F 
_
~~~~~~~~

_ _
~ ~~~~~-

_ .._
- —~

Outlet works low pool outlet at pool Elev. 534.0 10

— Out let works at pool level Elev. 548.0 (spiliway
cres t) 34

Warm water outlet at pool Elev. 548.0 (spiliway
cres t) 27

Spillway capacity at pool Elev.562.5 (top of dam) 8,200

C. Elevation (feet abo’e mean sea level)

Top of dam 562.5

Spillway crest 548.0

• Upstream portal invert (4.6 ’ x 5.5’ conduit) 523.0

Downstream portal invert (4.6’ x 5.5’ conduit) 522.1

Streambed at centerline of dam (Estimated) 527.0

D. Reservoir (miles)

Length of normal pool 1.3

Length of maximum pool 2.5

E. Storage (acre—feet)

Spillway crest (Elev. 548.0) 1,105

Top of dam (Elev . 562.5) 3,110

F. Reservoir Surface (acres)

Top of dam (Elev.562.5) from HEC—1 200

Spillway crest (Elev. 548.0) 92

C. Dam

Type: Homogeneous earthf ill with a rockf ill slope on the
upstream side and a downstream rock toe drain.

Length: 480 feet.

Height: 35.5 feet.

— 3 —
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Top Width: Total 12 feet  consisting of 7 feet impervious
material and 5 feet rockf i ll .

Side Slopes: Upstream — impervious material 2H to lV
Rockfil l  2.35 11 to 1V above elevation 548.0

- 
and 3H to lV below spillway crest elevation.

Downstream — 3H to lv.

Zoning: Rockf ill of variable width on upstream side.

Impervious Core: None.

Cutoff: Trench on centerline dam to solid rock with a concrete
vail.

Grout Curtain: On centerline of trench, grout holes 20 feet
deep on 8 feet centers.

H. Outlet  Facilities

There is a eight—foot inside diameter intake tower located 95
feet upstream from the centerline of the dam. Access is by
means of a single—span steel—truss brid ge from the top of the
dam. Water Is admitted to the tower through two 18—inch gate
valves with centerline elevations 537.0 and 532.5.

Wate r is released from the tower through a single 18—inch gate
valve with centerline elevation of 530.5. Water flows from
the discharge valve into the top of the outlet tunnel. The
ar ch type , reinforced concrete tunnel has a cross sectional
area of 20 square feet and Is 220 feet long. It is uncon-
trolled at the downstream end and discharges into the natural
channel o f Uppe r Li t t le  Swatara Creek . The water is not used
for any purpose and the valves have not been operated since
1961 (17 years).

I. Spiliway

Type: Uncontrolled , unlined , broad crested weir and channel
cut through a rock ridge about 120 feet from the left end of
the dam.

Length of weir: 50 feet with vertical unlined rock walls.

Crest elevation: 548.0.

— 4 —  
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Upstream channel: The spillway channel bottom rises slightly
for the first 80 feet from the reservoir and there is a slight
riffle at the end of that reach. This riffle is the weir that
determines the lake elevation at low flows. At greater flows,
the lake elevation is determined by the channel friction in
the first 200 feet of the channel.

Downstream channel: For the next 120 feet after the riffle,
the channel bottom has a downstream slope of 0.0060. At a
point about 400 feet from the lake there is a 20—foot high
rocky f alls ~:hich dissipates the stream energy. From that
point , a channel with a flat slope returns the water to the
natural stream. The total length of the cut IS 430 feet with
the highest walls being at the point of the riffle , about 80
feet from the lake. The total length of the spiliway channel
from the lake shore to the junction with the natural channel
is about 1,200 feet.

J. Regulating Outlets

See Section 1.3.11.

• I
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SECTION 2 — ENGINEERING DATA

2.1 DESIGN

A. Hydrology and Hydraulics

The fi les of Pennsylvania Department of Environmental Resources
(Penn DER) did not contain hydraul ic design data for this dam . The
Report on application for construction of the dam states that the sp ill—
way capacity is 8,500 cfs which was considered ample.

B. Embankment

Design data and analysis for the embankment were not in the
files of PennDER . The f i les of PennD ER included , however , the const ruction

• drawings (Plates III and IV , Appendix F) and bi—week l y progress charts.
The Report on application for  construction describes the proposed con-
st ruction.  Test p its were excavated at numerous locations . The report
indicates that at the lef t side , the subsurface was clay with old roots
and on the right side clay was encountered on the upstream side and
shaly gravel fu r ther  downstream . Rock was , in gener al , 2 to 10 feet
below the surface and consisted of fractured sandstone and some shale.

PennDER recommended that  the cu tof f  trench be excavated to
sound rock and that the rock be tested by drilling holes not fa r ther
than 50 feet apart and to pressure test these holes. If the rock strata
was f ound to be perv ious , the rock had to be grouted in holes 20 feet
deep and not farther than 8 feet  apart.  A cu tof f  wall , 3 feet high, was
to be constructed in the centerline of the trench.

The cu tof f t rench is located on the centerline of the dam
except near the right abutment , where it curves upstream. The trench
does not extend into the side hills beyond the abutments.

The dam was designed as a homogeneous embankment with a rock—
f i l l  on the upstream side. Borrow material was obtained from the l e f t
side of the reservoir a short distance upstream of the dam and consisted
of a sandy clay. A rock toe drain to elevation 537.0 is provided on the
downstream side.

C. Appur tenant St ructur es

The only available design data is shown on the construction
drawings in Appendix F. Design criteria is not available. The intake
tower was founded on rock and is a reinforced concrete circular tower
with two 18—inch gate valve controlled inlets. The water is discharged
through another 18—inch gate valve into the top of an arch shaped reinforced
concrete conduit. This conduit had a direct opening to the upstream

— 6 —
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side of the tower during the -construction phase, but this opening was
blocked off with concrete a f te r  construction was completed . The conduit
has four seepage collars and end s 10 feet  beyond the downstream toe of
the dam. Access to the intake tower is from the breast of the darn by a
truss supported footbridge.

The spillway is located away from the dam and is excavated into
rock. No lining was required and the discharge channel makes a plunge
at about 400 feet from the beginning of the spillway and joins the old
streambed 600 feet downstream from the dam. The channel was to be
excavated on a slope of about 0.6 percent.

• 2.2 CONSTRUCTION

Construction of the dam and appurtenant structures was accomplished
under supervision of a resident engineer. Bi—weekly progress charts are
available in the files and one, dated November 15, 1923 , is included as
Plate V in Appendix F. Inspection reports by PennDER indicate that
construction was done in accordance with the plans. Pressure testing of
the rock strata after the trench was excavated , indicated the need for
pressure grouting. Testing after the grouting was completed indicated
that  the grouting was effect ive .  Plate V , Appendix F, shows that no
grouting was done under the conduit because the conduit had been con-
structed before the cutoff trench wa~ excavated . After construction was
completed , inspection reports indicate that some seepage occurred adjacent
to the conduit outlet.

2.3 OPERATION

No records of operation wer e available in the PennDER files. One
letter indicates that the dam was nearly overtopped in August 1933. The
Borough of Pine Grove bought the reservoir and dam from PP&L in 1973
for possible future use as a domestic wa ter supply. At present, the
reservoir is used for recreation only and the gate valves are not operated
at all. Seepage has been noticed at the conduit outlet for many years.
Inspection reports indicate that the downstream slope was never seeded
or sodded.

2.4 EVALUATION

A. Availability

The available engineering data was limited to construction
drawings and some reports by PennDER. Actual design criteria and design
analysis were not in the files.

— 7 —
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B. Adequacy

1. Hydrology and Hydraulics

There is not sufficient information available to evaluate
the design criteria for this dam. However, the construction drawings
are sufficient to review the hydraulic adequacy of this facility for
this report.

2. Embankment

• • There is no data available on the soil parameters of the
borrow material and no results of compaction tests. This prevents the

- • review of the stability and seepage adequacy of the embankment . The
embankment was, however , detailed in accordance with acceptable engineering
practice.

- • 3. Appurtenant Structures

• - The available construction drawings are sufficient to
review the adequacy of the structures.

• C. Operating Records

Formal operating records have not been maintained for these
facilities. It appears that maintenance procedures have been lacking
and that the gate valves have not been operated since 1961.

D. Post Construction Changes

No changes or additions have been reported since the con—
struction was completed in 1923.

— 8 —  
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SECTION 3 — VI SUAL INSPECTION

3.1 FINDINGS

A. General

The general appearance of Sweet Arrow Lake Dam is fair.
Present maintenance procedures are limited . The dam and lake were
acquired by the Borough of Pine Grove in .973 from PP&L for future use
as a water supply. At present, the lake is used for fishing only . The
Pennsylvania Fish Commission stocks the reservoir. The inspection team
was accompanied by Mr. Frank Winsheimer, Borough Council President and
Mr. Harold Zimmerman , Works Manager of the Borough. The visual inspection
check list is in Appendix A of this report. Photographs taken during
the inspection are reproduced in Appendix E.

B. Embankment

The upstream embankment slope is protected with a rockf ill,
but a considerable amount of brush is growing on this slope. The breast
of the dam was level and straight (see survey Appendix A) and consisted
of dirt and some small gravel. The edges were rounded off , causing an
uneven width. The downstream slope was covered with some grass, weeds,
brush and small and large trees. Motor bike traffic has caused three
bare tracks on the slope and these tracks are susceptable to erosion.
The dam was constructed on the site of a previous dam and the remnants
of this old dam, which was higher than the present one, are easy to
detect where the new dam ties into the hillside. The downstream slope
was dry except two pools of standing water at the toe. No movement of
water was detected and the amount of seepage is probably minimal. One
pool was the outlet for the conduit. A rock toe drain is visible.

C. Appurtenant Structures

The intake tower is located about half way between the abut-
ments of the dam and is accessible by a footbridge . Most of the planking
on the steel truss bridge has disappeared and the inspector had to climb
along the truss chord to check the intake tower. The manhole cover on
the tower was missing and the owners representatives stated that the
valves had not been operated since 1961. In 1974 an effort was made to
operate the valves, but no movement was obtained . The valves are on 18—
inch pipes and if operable, could be used to draw down the reservoir to
an elevation of 531.0.

The conduit outlet ends in a small pool, which is closed off
by a dirt access road (See Plate A—Il , Appendix A), and prevents a free
flow. Considerable siltation has occurred in the conduit. It appears ,
however , that sufficient opening is still available in the large conduit
to pass the discharge flow of the 18—inch upstream blowoff valve.

— 9 —
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The spiliway is located in the left hillside beyond the previous
dam abutment. The channel is cut in the rock and was in good condition.
There is no concrete weir and some brush near the left entrance causes
a small obstruction. The discharge channel is rather flat over the
first 300 feet and then drops vertically over natural rock to the stream.

D. Reservoir Area

Some of the banks around the reservoir are steep and wooded.
A highway parallels the north bank of the lake (Plate II, Appendix F).
The reservoir banks on that side of the reservoir are flat and used as
farmland. All banks are stable and no sedimentation has been reported .

E. Downstream Channel

The spillway channel joins the natural stream about 600 feet
downstream from the dam. This stream, with wooded banks, crosses a
highway another 1500 feet further downstream. Several houses are located
near the stream in this area and it is expected that the hazard to loss
of life would increase significantly if the dam would fail due to over-
topping. The hazard category is therefore considered to be “High”.

3.2 EVALUATION

The dam and appurtenant works appear to be in need of maintenance.
The structural integrity of the dam appear s to be good, but preventive
maintenance is required. Brush and trees should be removed from the
slopes , tracks and the top of the dam should be seeded . Access to the
intake tower should be provided by installing planking and the gate
valves on the 18—inch pipes should be made operable.

— 10 — 
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SECTION 4 — OPERATIONAL PROCEDURES

4.1 PROCEDURE

The dam and reservoir were bought by the Borough for possible
future use as a domestic water supply. At present the reservoir is used
f or f ishing and picnicking and no opera tional procedures have been

• established.

4.2 MAINTENANCE OF DAN

Maintenance is presently not performed on the dam embankment.

4.3 MAINTENANCE OF OPERATING FACILITIES

At present the facilities are not used and no maintenance procedures
exist.

4.4 WARNING SYSTEM

A formal warning system or surveillance procedure has not been
established. The dam is policed, but no regular visitation by Borough
personnel is maintained.

4.5 EVALUATION

Operational procedures do not exist at the present time. It is
recommended that a regular maintenance schedule for the embankment and
operating facilites be developed . A formal surveillance and downstream
warning system should be established to be used during periods of heavy
or prolonged precipitation.

— 11 — 
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SECTION 5 — HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analyses available from PennDER
for Sweet Arrow Lake Dam were not very extensive. No frequency curve,
unit hydrograph, nor flood routings were submitted by the designer to
PennDER. A Pennsylvania Water Supply Commission report in the file
stated that the spillway capacity was 8,500 cfs or 450 cfs per square
mile. It was further stated that it would take 4—1/2 to 5 hours to
overtop the dam if the runoff were to be 500 cfs per square mile.

B. Experience Data

The present dam was built in 1923 to supply cooling water for
a coal—fired generating plant of the East Penn Electric Company (now
PP&L). Calculations based on the records of the U.S.G.S. gaging station
at Harper Tavern indicate that the greatest flood since 1923 occurred on
June 22 , 1972 and produced an inflow to the reservoir of about 7,000
cfs. The project passed that flood without damage.

C. Visual Observations -

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

There is some brush grow ing in the spillway channel which
should be removed.

D. Overtopping Potential

Sweet Arrow Lake Dam has a total storage capacity of 3,110
acre—feet and an overall height of 35.5 feet, both referenced to the top
of the dam. These dimensions indicate a size classification of “Inter-
mediate”. The hazard classification is “High” (see Section 3.l.E).

The recommended Spillway Design Flood (SDF) for a dam having
the above classifications is the Probable Maximum Flood (PMF)-. For this
dam , the PMF peak inflow is 29,817 cf a (see Appendix C for HEC—l inf low
computations).

-12 -
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Comparison of the estimated PMF peak inflow of 29 ,817 cfs with
the estimated spiliway discharge capacity of 8,030 cf a indicates that a
potential for overtopping of the Sweet Arrow Lake Darn exists.

An estimate of the storage effect of the reservoir and routing
of the computed inflow hydrograph through the reservoir shows that this
darn does not have the necessary storage available to pass the PNP with-
out overtopping. The spillway—reservoir system can pass a flood event
equal to 327. of a PMF .

Improving the embankment by eliminating the low area in the
top of the dam will not significantly increase the capacity of the
spillvay—reservoir system.

• E. Dam Break Evaluation

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

- Several houses are located near the stream about 2,400 feet
downstream from the dais where State Route 443 crosses the stream. On
the basis of the results of a dam break analys is, using the U.S. Army
Corps of Engineers’ HEC—l computer program, the water surface elevation
in the vicinity of the houses would be about 533.3 when the water surface
in the reservoir above the dam is just at the low point elevation of the
embankment (no overtopping). (Refer to Table 1, Appendix C). It is
expected that 34 percent of the PMF would cause the water level in the
lake to reach an elevation that would result in a breach (.5 foot above
crest elevation). Just prior to failure by the 34 percent PMF flow, the
water surface elevation 2,400 feet downstream would be about 533.7. The
increase due to overtopping under no failure condition would be about
(533.7 — 533.3) .4 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 8.9
feet above the flow level just prior to breach when considering a 15
minute time to complete the breach and a 5.3 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 about 8.9 feet
in the 15—minute breach and about 5.3 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 conditions.

Being an earth embankment, it is judged that a breach is
likely to develop when the depth of flow over the crest is 0.5 foot or

F greater and that the breach will be completed between the 15 minute and
the 2—hour period. The numerical difference of water levels is about
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3.6 feet. The property damage would be similar with either time.
Again, howev er , the time factor is most significant regarding loss of
life. Calculations indicate that the water depth will increase at a
rate of about 8.9 feet in one—half hour under the 15—minute breach
condition.

F. Spillway Adequacy

The intermediate size category, in accordance with the Corps
of Engineers criteria and guidelines, indicates that the Spiliway Design
Flood (SDF) for this dam should be the full Probable Maximum Flood
(PMF).

Calculations show that the spiliway discharge capacity and
reservoir storage capacity combine to handle 32% of the PNF (Refer to
Sheet 15 of Appendix C).

• Since the spillway discharge and reservoir storage capacity
cannot pass one—half of the PNF without overtopping and failure of
the dam, and because the downstream hazard to loss of life is high and
this hazard is significantly increased when the dam is overtopped as
compared to just prior to overtopping, the spiliway is judged to be
seriously inadequate.

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

L



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visual Observation

1. Embankment

There were no visual indications of undue embankment
stresses or sloughage and the slopes appear to be stable and adequate.
To prevent further erosion of the downstream slope, this slope should be
seeded. Seepage near the conduit outlet could not be observed due to
the presence of a pool of water. The downstream slope was dry and no
seepage was detected .

• 2. Appurtenant Structures

The spillway is in good condition and the rock cut does
not appear to have an erosion problem. The discharge is at a consider-
able distance from the embankment and no damage could occur . Although
deterioration of the concrete intake tower has occurred , the tower is
considered to be in acceptable structural condition at the present. The
gate valves are not operable at present and it is recommended that blowoff
facilities should be wade operable for emergencies.

B. Design and Construction Data

1. Embankment

The available construction data indicates that the embank-
ment was designed and constructed in accordance wi th good engineer ing
practice. The rock strata was not grouted under the conduit and this
could allow some seepage at the downstream conduit outlet. The rock toe
drain is also directing all seepage to this low point.

2. Appurtenant Structures

The available data indicates that all structures were
well designed , detailed and adequately reinforced .

C. Operating Records

The only available records are inspection reports by PennDER ,
which Ind icate that the two main problems were the omission of seeding
the downstream slope and some seepage near the conduit outlet. Brush
and tree growth on the embankment slopes and in the spiliway entrance
have been reported repeatedly, indicating poor maintenance procedures.

— 1 5 —
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D. Post Construction Changes

No reported modifications have been made to the original dam
design.

C. Seismic Stability

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

(
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SECTION 7 — ASSESSMENT AND RECOMMENDATIONS

7.1 DAN ASSESSMENT

A. Safety

The visual inspection, the review of available design data and
the operational history indicates that Sweet Arrow Lake Dam is in fair
condition and has’been designed in accordance with acceptable engineering
practice. The maintenance procedures for the embankment and facilities
are poor.

In accordance with the Corps of Engineers’ evaluation guide-
lines, the combination of storage and spillway capacity is sufficient tQ
pass only 32 percent of the Probable Maximum Flood (PMF). Overtopping
of the dam with an inflow of 34 percent of the PMF could cause failure

• of the dam. Such a failure would significantly increase the hazard to
loss of life downstream. The spillway is, therefore, considered to be
seriously inadequate, and the dam is unsafe , non-emergency.

B. Adequacy of Information

The available data is considered sufficient to make a reason—
able assessment of the embankment and facilities.

C. Ur&ency

Because of the serious inadequacy of the spillway and the
“High” hazard classification of the facilities, it is considered important
that the recommendations presented in this report be implemented at
once.

D. Necessity for Additional Studies

The results of this inspection indicate the need for additional
detailed hydrologic and hydraulic studies to determine the requirements
for improving the capacity of the darn.

7.2 RECOMMENDATIONS

A. Facilities

The following recommendations are presented for action by the
owner:
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1. That a detailed engineering investigation be conducted by
a professional engineer, qualified in the design of dam
construction, to determine what measures can be taken to
improve the capacity of the spillway.

2. That the top of the dam and the downstream slope be
provided with a protective cover against erosion.

3. That the footbridge be supplied with a safe walking plat-
form.

• 4. That a manhole cover be provided on the intake tower.

B. Operation and Maintenance Procedures 
-

It is recommended that the owner initiate the following main-
tenance procedures:

I. A regular maintenance procedure of the embankment slopes
and crest of dam, which will include removal of trees,
brush and high weeds.

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

3. Removal of brush in the spillway entrance.

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

— 18 
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CHECK LIST

PHASE I - VISUAL INSPECTION REPORT

PA DER # 54—102 NDI NO. PA-OO 680 
—

NAM E OF DAM Sweet Arrow Lake 
— 

HAZARD CATEGORY High

TYPE OF DAM Earthfill

LOCATION Pine Grove TOWNSHIP Schuylk iil COUNTY , PENNSYLVANIA

INSPECT I ON DATE 11/8/78 WEATHER Cloudy TEMPERATURE _ 50’s

INSPECT ORS: H. Jongsma (Recorder) OWNER ’ S REPRESENTATIVE(s):

A. Bartlett Frank Zimmerman

R. Steacy 
- 

Harold Winsheimer

NORMAL POOL ELEVATION : 
— 

548.0 AT TIME OF INSPECTION :

BREAST ELEVAT I ON : 562.5 
-— 

POOL ELEVAT I ON : 548.0+

SPILLWA Y ELEVAT I ON : 548.0 TA I LWATER ELEVAT I ON : 
_______

MAX I MUM RECORDED POOL ELEVAT I ON : 553.7 (Estimated)

GENERAL COMMENTS :
Valves last opened in 1961. Have tried to open but no movement in 1974.
Conduit outlet underwater in a pool.
Used by Pennsylvania Fish Commission for fishing.
Bought in 1973 by Borough of Pine Grove from PP&L for possible use
as water supply.
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NDI NO. PA-OO 680
VISUAL INSPECTION

EMBANKMENT

_________________________ OBSERVAT IONS _AND_REMARKS
A. SURFACE CRACKS None observed on breast of dam (dirt).

B. UNUSUAL MOVEMENT None detected.BEYOND TOE

C. SLOUGH INC OR EROS I ON Three bike and erosion tracks on downstreamOF EMBANKMENT OR slope. Abutments tie into previous dam
• ABUTMENT SLOPES abutment.

D. AL I GNMENT OF CREST: Good. Irregular breast width due to rounding ofHOR I ZONTAL: edges.VERT I CAL: Good. (See survey sketch).

E. RIPRAP FA I LURES None.

F. JUNCTION EMBANKMENT Good abutment junctions.
& ABUTMENT OR Spiliway cut out of hillside and away from dam.SP ILLWAY

G. SEEPAGE Pool at conduit outlet. No water movement
noticeable.

H. DRAINS Rockfill toe.

J. GAGES & RECORDER None.

K. COVER (GROWTH) Upstream — loose riprap and brush.
Breast — dirt.
Downstream — some grass, weeds , brush and trees.
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NO l NO. PA-OO 680

VISUAL INSPECTION
OUTLET WORKS

____________________ 
OBSERVAT I ONS_AND _ REMARKS

A. I NTAKE STRUCTURE Circular concrete tower on upstream side.
Concrete top deteriorating.
Manhole cover missing.

- 
B. OUTLET STRUCTURE Concrete conduit outlet underwater in a pool

formed by roadway.

C. OUTLET CHANNEL
Blocked by roadway without a pipe. Wide valley
available for discharge.

D. GATES
Three operator stands on top of tower. None
operated since 1961.

E. EMERGENCY GATE
Not operable — 18” valve.

F. OPERAT I ON &
CONTROL None .

C. B R I D G E  (ACCESS) -

Truss footbridge from top of dam. Most planking
has disappeared. Hazardous to cross.

A-3 
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ND I NO. PA-OO ~~~

VISUAL INSPECTION
SPILL WAY

_____________________ 
OBSERVAT I ONS_AND_REMARKS

A. APPROACH CHANNEL Cut in rock. Some brush growing near left
abutment.

B. WE IR: None — rock cut.
Crest  Cond it io n
Cracks
De ter iora t ion
Founda t ion
Abu tments

C. DISCHARGE CHANNEL :
Lini ng Cut in rock. Good condition. Drop of at least 15
Cracks feet at end in natural stream.
Stilling  Basin

D. BRIDGE & PIERS None.

E. GATES & OPERAT I ON
EQUIPMENT None.

F. CONTROL & HISTORY None.
Maximum water surface estimated at 5.7 feet during

• Agnes (1972) above spillvay (1 foot above road).
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ND I NO. PA-OO 680

VISUAL INSPECTION

________________________ 
OBSERVAT I ONS_AND_ REMARKS

INSTRUMEN TATION

Monumentat ion None.

Observa tion Wells None.

We irs None.

Piezometers None.

Staff Gauge None.

Other

RESERVOIR
Some steep, some flat in built up area (houses,

Slopes roadway).

Sedimentation None.

Wa tershed Mos tly far mland , except wooded in the mountains.
Desc r i p t io n

DOWNSTREAM CHANNEL

Condition Natural stream .

Slopes Stable.

Approximate 200 in Pine Grove.
Popula ti on

No. Homes 4 houses nearby.

A-5

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



cvi
C,)’
1.01

/..
~~~ I

_ _ _ _ _ _ _  1—I
~~~~~~~~~~~~ /

• ~~~~~~~~~~~~~~~oL d

.
_

•
~~~(~I~~~~~~ /

I —

0 F-

_ _ _ _ _ _ _ _ _

. .

~~~~ 

~~~~/

z I—
)

_ _ _ _ _ _ _ _ _ _ _  

~~~~~~ 

~0

•~ z
~~L~) 4:

G
~
a
~

c.

_ _ _ _ _ _ _ _ _  
0 \

LI)

1 I
0

*~~ ~() 
LI)

SWEET ARROW LAKE DAM
C’-,

PA. 680
INSPECTION SURVEY

PLATE A-I

-

~

----- -. --- “--

~

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

- -

~~
----

~~~~

--

~~~~



I
0 •~~—

/
r

I
I
I
I //~~~~~~~~~~~~~~~~~~~~~~

%
~~~~~~~~~~~~~~~~~~~~~~~~

/ 4 / ,  ‘
~~~

~ //
- • ,F &_

~~~_ .
)

‘
~~~‘
‘r—

-~~~~~-- . ----- - .- .--- ------

~~~~LJ ~~

I .LI .-._
c~~~~b

_ _  

c3c !

SWEET ARROW LAKE ~~M

~~~~~~~~~~ 
PA. 680

INSPECTION SURVEY

PLAT E A -f l

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

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



-
~

.—-—-
~

--- --
- - - 

- —- -

____  - -------- ————---—- -- ,—
~~~~

I

( APPENDIX B

CHECKLIST OF ENGINEERING DATA

APPENDIX B

_ _ _ _ _ _ _ _ _ _ _ _ _  _ E

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



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

CHECK LIST
E N G I N E E R I N G  DATA

PA DER II 54—102 NDI NO. PA-OO 680

NAME OF DAM Sweet Arrow Lake

ITEM REMARKS

AS-BU I LT DRAWINGS None.

REGIONAL VICINITY MAP U.S.G.S. Quadrangle Swatara Hill, PA
See Pla te II , Appendix F

CONSTRUCTION HISTORY Constructed by JC. White Construction Corporation,
New York in 1923 at the site of an older and
higher dam, which failed in 1862.

GENERA L PLAN OF DAM See Plate III, Appendix F.

TYPICAL SECTIONS See Plate III, Appendix F.
OF DAM

OUTLETS:
PLAN See Plate III and IV, Appendix F.
DETA I LS
CONSTRAINTS None.
DISCHARGE RATINGS None.
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NOl NO. PA-OO 680

E N G I N E E R I N G  DATA

I TEM REMARKS

RAINFALL &
RESERVOIR RECORDS None.

DESIGN REPORTS None, except Report on the application for
permit to construct by DER.

GEOLOGY REPORTS None.

DESIGN COMPUTATIONS:
HYDROLOGY &

HYDRAULICS None.
DAM STABIL ITY
SEEPAGE STUD i ES

MATERIALS INVESTIGATIONS :
BORING RECORDS None. Test pits on general plan show top of
LABORATORY rock.
F I E L D

POST CONSTRUCT I ON
SURVEYS OF DAM None.

BORROW SOURCES Probably on the left side upstream of the dam.

B- 2 

-

~~~~~



-

NDI NO. PA-OO 680

E N G I N E E R I N G  DATA

ITEM REMARKS

MON I TORING SYSTEMS None.

MODIFICAT I ONS None.

HIGH POOL RECORDS None.

POST CONSTRUCT I ON
ENGINEERING STUDIES None
& REPORTS

PRIOR ACCIDENTS OR A dam at this site constructed for the Union
FAILURE OF DAM Canal failed in Augus t 1862 , due to overtopping

as a result from a log jam in the spiliway .
Descr i p ti on:

Reports: None.

MA I NTENANCE &
OPERAT I ON RECORDS None.

SP I LLWAY PLAN , SECTION S Plate III, Appendix F.

AND DETAILS
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NDI N O. PA-OO 680 —

E N G I N E E R I N G  DATA

I TEM REMARKS

OPERATING EQU I PMENT , Plate IV, Appendix F.
PLANS & DETAILS

CONSTRUCTION RECORDS Bi—weekly progress charts in files. One chart
reproduced as Plate V, Appendix F.
Inspection Reports by DER.
Construction photographs.

N 
Inspection reports by DER indicate that downstrean

PREVIOUS INSPECT IO slope was not seeded and that upstream slope was
REPORTS & DEr irregular. Seepage has been noticed at the

conduit outlet, excep t rec ent ly due to the
presence of a small pool. Brush and tree growth
has been reported many times.

MISCELLANEOUS Original construction drawing dated August and
September 1922 have been superseded by the
drawings reproduced in Appendix F. Changes were
made at the request of DER.
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ND I NO. PA-OO 680

CHECK LIST
HY D R O L O~T~~AN D HY D RAU L IC

E N G I N E E R I N G  DATA

DRA I NAGE AREA CHARACTERISTICS: ______________________________________

ELEVAT I ON :

TOP NORMAL POOL & STORAGE CAPAC I TY: El ev.548.O Ac re-Feet: 1105

TOP FLOOD CONTROL POOL & STORAGE CAPACITY : E)ev .562.5 Acre-Feet : 3110

MAX I MUM DESIGN POOL: El ev. Unknown —

TOP DAM : 
- 

El ev. 562.5 
-

SPI LLWAY :

a. Eleva tion 548.0

b. Type Uncontrolled, unlined broadcrested weir and channel cut
through rock.

c. W i d t h 50

d. Leng th 400 
-

e. Location Spillover In left abutment.

f. Numbe r and Type of Gates None.

OUTLET WORKS :

a. Type Reinforced concrete tower and arch shaped conduit.

b. Location Tower at upstream toe of dam.

c. Entrance inverts 531.75

d. Ex it inverts 522.1__--

e. Emergency drawdown facili ties 18—inch gate valve.

HYDROMETEOROLOGICAL GAGES :

a. Type None

b. Locat ion  ___________________________________________________

c. Records 
—

MAX I MUM NON-DAMAGING DISCHARGE: 8200 cfs (spiliway)

6-5
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SUMMARY DESCRIPTION
OF

FLOOD HYDROGRAP H PACKAGE (HEc—l )
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 (HEC—l) 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-
topp ing pot ential of the dam , and (2) the capability to estimate the
downstream hydrologic—hydraulic consequences resulting from assumed
structural failures of the dam. A brief summary of the computation
procedures typically used in the dam overtopping analysis is shown

• below.

— Development of an inflow hydrograph to the reservoir.

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

— 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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TABLE NO.1

COMPARISON OF WAT ER SURFACE ELEVATIONS

SWEET ARROW LAKE DAN

PMF — 29,817 cfs

Crest Elevation = 562.5 Low Point = 562.3 Spiliway Elevation — 548.0

CREST OF DAN 2400’ D/S OF DAM*
STAGE ELEVATION DEPTH APPROX. ELEVATION

A. At low point in
embankment crest 562.3 0 533.3

B. 34% Overtopping
No Breach 562.98 .68 533.7

C. 34% PMF Overtopping
(15 Minute Breach) 562.82 .52 542.6

D. 34% PMF Overtopp ing
(2 Hour Breach) 562.86 .56 539.0

*Several Houses located about 2,400 feet downstream of Sweet Arrow
Lake Dam.

CONDITION C:

(Time refers to elapsed time after start of storm).
Time to reach breach elevation 562.8 at dam = 47.5 hours.
Water level 2,400’ downstream just prior to breach = 533.7
Duration of Breach = 15 Minutes.
Time for Breach to peak 2,400 feet downstream = .5 Hours.
Peak elevation 2,400 ’ downstream due to breach = 542.6.
Rate of increase in water level = 8.9’ in one—half hour.
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- LOSS DATA
- IROPT STRKR DLTKR RTIO L 

- 

ERAIN STRKS RTIOK STRTL CNSTL AISMX Ru MP
0 0.oo o.or—i,oo 0.OO~~~0.00~~~i.00 I.00 .05 1.00 0.0O

UNIT HYDROGRAPH DATA
- TP: 7,30 CP= .85~~~ffTA 0~~

RECESSION DATA -

- 
STRTOi~~~ 1,50 ORCSNi ~-.05 RTIOR= 2,00 -

_____ ______________ 
UNIT HYDROGRAPH 67 END—OF—PERIOD ORDINATES~ lAG: 7.22 HOURS , ~P= .81 VOL: 1.00

—

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 345,~ 422,~~~~ 4?R, 574 648.
720. 791 . 859. 925. 990. 1052. 1112. 1171. 1227. 128?.

- 1336. 1387. 1436. 1478. 1509. 1530. 1542, 1547. 1546. l’i38, 
_____

- 
1525. 1506, 1484. 1457. - 1426. 1392. 1353, 1311. 1266. - 1216.
‘1162. 1102. 1036. 962. 869. 762. 660. 572. 495. 429.

371. 322. 279. 241. 20?. 181. 157. 136. 118. 102.
88. 76. 66. 57. 50. 43. 37.

0 END-OF-PERIOD FLOW
MO .DA HR .NN PERIOD RAIN EXCS LOSS COMP 0 M0.DA HR.MN PERIOD RAIN EXCS LOSS~~~tOMP ~

— _______  —- — — — -
~~~~

—— — —-.—-- 
SUM 26.09 23.66 T2.43 1258242

- C 663.)C 601.)( 62.)(35629.45) 



— ~—~---------_ - - - —~ ••~ — - —%--~~w•--.—— - - a ’~~~r- ~~~~~~~~ - —--- - ‘- - - ——--- - —-— __— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— **$******* *5*1*55*5* 5*5*1*5*5* *1*5*1*15* *1*1*1*15* 
____________

HYDROGRAPH ROUTING

RESERVOIR ROUTING - - -— _ _ _ _ _  _ _ _ _ _ _ _ _ _

ISTAO IcOMP IECON ITAPE Jl.T J1~T INAHE ISTAGE IAUTO
2 1 0 0 0 0 1 0 0

- —- - ROUTING DATA~~ 
- -  ____ - - -____________________

GLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR -

0.0 0.000 0.00 1 0 0 0 0

t4STPS NSTDL LAG MSKK X 15K STORA ISPRAT 
- 

- 
- - 

I

______________ _____ ______ 

1 0 0 0.000 0.000 0.000 1105. —1 
- 

- 
.
.
. 

-

STAGE 548.0 549.0 551.0 554.0 558.0 
- 

562.3 562.6 562.9 564.0 566.0
566.1 566.5 567.0 570.0 -

• FLOW 0. 149. 772. 2182. 4696. 8030. 8310. 8748. 11757. 19881.
_________ 

20173. 22135. 24723. 40584. 
______ 

-

SURFACE AREA: 0. 92. 175. 404.

- • cAPACITY: 0. 1104. 2680. 8312. 
- -

ELEVATION: 512. 548. 560. 580.

- CREL SPWID COOW EXPW ELEVL COOL CAREA - EXPL -

548.0 0.0 0.0 0.0 
- 

0.0 0.0 0.0 0,0

- DAM DATA

__________ _________ ________

TOPEL COOD EXPD PA M M ID
s62.r 0,O -0.0~~~ 

0 — —
~~~

PEAK OUTFLOW IS 29520. AT TIME 46.75 HOURS -

PEAK OUTFLOW IS 25108, AT TIME 46.75 HOURS

PEAK OUTFLOW IS 20572. AT TIME 47.00 HOURS

- 
PEAK OUTFLOW IS 17619. AT TIME 47.00 HOURS

- PEAK OUTFLOW IS 14600. AT TIME 47.00 HOURS -

PEAK OUTFLOW IS 11253. AT TIME 47.75 HOURS -

~ 

- 
- -

PEAK OUTFLOW IS 7689, AT TIME 48.50 HOURS

PEAK OUTFLOW IS 5128. AT TIME 48.50 HOURS 
- 

-~

PEAK OUTFLOW IS 2522. AT TIME 48.75 HOURS
- 4 

- - - --- -~~~~~~~~~ --- - - -—-- - 
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘- ~~~~~~~~ - _ -~~~- - --~~~—- -. - _ -



_______________  - ------ ----~~----- —~~~~~~~
-—--‘~

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

— _ - -
~~

_ --
~
-----—--- — -

1*1*1*1*1* *5*5*11*1* *5*1*1*5*1 *51*5*1*1* ********** -

1 
_ _ _ _ _ _ _ _  _ _ _  

-

PEAK FLOW AND_STORAGE (END OF PERIOD) SUMMARY FOR M(LTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
-

— _________ ___ - FLOWS IN CUBIC FEET PER SECOND (CUBIC METERS PER SECOND)
AREA IN SOUARE MILES (SOUARE KILOMETERS) 

-

• RATIOS APPLIED TO FLOWS
IWERATIOH STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO 9

1.00 .85 .7O .60 .50 40 .JO~~~~~ 20 .1C

~ilYDROGRAPH Ai I~~~ 20.5O 1 29817, 25345, 2O872. 1789O, 149O?, i1927~~~~ a945. —~ 5963. —-~~ 982,
C 53.09) C 844.33)( 717.68)( 591.03)( 506.60U 422.17)( 337.73)( 253.30)( 168.87)( 84.43)

• RWTEW TO 7 20.5O~~~~~1 29520. 25108. 20572. 17619. 14600. 11253. 768?. 5128. 2~22.53.09) C 835.91)( 710.97)C 582 .55)( 498.90)( 413.43)( 318.64)( 217.73)( 145,20)( 71.40)

- - 
SIJMNARY OF DAM SAFETY ANALYSIS

- P .AN 1—~;.;; ~~ .
_
.

_ - INITIAL VALUE SPILLWAY CREST TOP or DAN -

- 

ELEVATION 548.01 548.00 562.30
• STORAGE 1105. 1104. 3107.

- OUTFLOW - - 
- 

1. - 0. 8030.

• RATIO MAXIMUM JAXIMUM MAXIMLJM MAXIMUM DURATION ~~~ TIME OF ~ TIME 0F
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TDP MAX OUTFLOW FAILURE
PNF W.S.ELEV OVER DAM AC—FT CFS HOURS HOURS HOURS

- . 1.00 567.90 5.60 4365. 29520. 11.75 46.75 0.00
.85 567.06 4.76 4156. 25108. 10.75 46.75 0.00
.70 586.18 3.88 3944. 20572. 9.75 47.00 0.00
.60 565.44 3.14 3773. 17619. 9.00 47,00 0.00
.50 564.70 2.40 3606. 14600. 7.75 47.00 0.00

••~~
, •.

~ - - .40 563.82 1.52 - - 3416. 11253. 575 47.75 ~~~ Q.00
.30 561.86 0.00 - 3021. - 7689. 0.00 48.50 - . 0,00

- .20 558.56 0.00 2435. - 5128. 0.00 48.50 0,00
.10 554.54 0.00 1839, .2522. 0.00 - 40.75 0.00- 

-

FLOOD HYDROGRAPH PACKAGE (HEC—1 ) 
- 

_____11A11 SAFETY VERSION JULY 1978 . • — 
-

LAST MODIFICATION 21 AUG 78 - 
-

- 

-

—- EOrtNCOUNTERED. - 
- - -

N> r ;- - 
-

• 
- -

-— 

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

-______

____________________________________ I

~~~~~~~~~ - • • - - - .-:-:~• - 
- 

- 
- - . - 

-

• •1..



J - 
4 - t • • •  .•eI • • . ~~~..&..- - -  — 

S

~~~~~

- - - - LAST MODIFICATION 21 AC$ 78
- —— .  

-

) 
• 1 • - Al SWEET ARROW LAKE MI 0*5* UPPER LITTLE SWATARA CREEK - - 

.
- 

-
• - 

-~~

— 
. V- -h - 2 A2 PI WE GROVE NP., SCHUYLKILL COURTY - 

-

. - 
- -

- A3 WDF* PA-00680~~ PR DER *54 102 - - 
- - ~~~~~~~~~~~~~ .!

4 4 , 0 300 0 15 0 0 0 0 0 —4 ~ O ~~~~
- *1 5 I 

- - 
- 

- “  ‘
~~~~~

6 • J 1  r -  i~~ 
- 

-

) ~~,
‘. 7 Ji .34 

- 
- - • . - - - - 

- • -

8 K I - 1
• - - - - - - • • 9 KI iNFLOW HYOROGRAPH - 

- . -

10 H 1 1 20.5
~~~~~~~~~~~~~~ 23.2 106 116 125 136.5 .- . - 

- 
- 

- 
-12 - 

~~~~ .05

• 
13 U 7.3 .85
14 X —1.5 —.05 2
15~~ K 1 ~~~~~ 2 - . -

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

—
16 Xl RESERVOIR ROUTING

• _ _ _ _  

17 Y 1 0r. 18 ~~~~~~~~ ~~ 11O5 
o 19 Y4 548 549 551 554 558 562.3 562.6 562.9 564 566

20 Y4 566.1 566.5 567 570
21 — Y5 0 i49 772 2182 4696 8030~~~831O 8748 11757 19881

- 22 Y5 20173 22135 24723 40584
23 SA 0 92 175 404
24 $E 512 s4r 56o~~~ 5ao -—_________ _________________

o 25 ft 548

_______ 

26 OD 562.3 
__________________________

o 28 Xl REACH 2—3
29 Y 1 0
30 Y r— ____

o 31 Th .1 .04 .1 525 560 200 .01
32 Y7 0 560 90 540 200 530 205 525 220 525

Y7 225 530 ~ 0 54O 1100 560 — ____________________________—

34 K 1 4 1 
35 KI REACH 3—4

— 
T . 1 O

37 Yl 1
38 Y6 .1 .04 .1 523 560 1200 .0017
39~~ Y1~~~ 0~~~ S6O~~~~ 50 540 100 ~528 110 523 ~~~120 - 523
40 Y7 130 528 470 540 630 560

_ _ _ _ _  

41 K 1 5 1 
_ _ _

- 12 K1 REACII 4—5~~~~~~~~ 
- _____

-ö 43 Y 1 0
44 Yl 1
4~~~~~~~~~~~T6 1 .04 .1 521 ~~~56O 1000 .002 -

o 46 Y7 0 560 200 540 450 525 520 521 528 521
47 

- 
Y7 530 525 700 540 830 560 -

:
K~~~ 99 

- - - - _

o PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS

- _ ~~~RUNOFF HYDROGRAPH AT - I

• 
i ROUTE HYDROGRA PH TO 2

- - ROUTE HYDROGRAPH TO 3
- ROUTE HYPRO GRAPH TO - -“ - 4

ROUTE HYDROGRAPH TO 5
END OF NETWORK

~

—

~

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



r 
•— -.

~~~~~~~~

- -.- _ - 

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

- 

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

- -

~~~

—

~~~~~~~

-—

~~~~~~

-— 

-

SWEET ARROW LAKE DAM *55* UPPER LITTLE SWATARA CREEK
PIWE GROVE NP., SCHLIYIKILL COUNTY ‘7 ~~~

— NDr * PA-00680 PA DER * 54—102 —--— --— 

-

- 

~~B SPECIFICATION 
• - -

.

- N0 1HR NNIN IDAY~~~~IH R~~ iMIN NET RC 1PLT iPRT 1CSTAN 4 #~~
- 300 - - 

0 15 - 0 0 0 0 0 —4 0 - - - 

- -

JOPER NUT LROPT TRACE : - 
-

- - 

5—-0— .—--—0---_-0— -—— - ‘ 

: . .

• MIMI—PLAN ANALYSES TO- BE PERFORMED - _ - - • - - 
- 

~1-
~- 

- . 
- - NPLAN: 1 NRTIO= 1 LRTIO: I -

RTIOS: .34 . -

- 
- . 155*5*5*5* U******** - 

- 1*5*5*5*51 *1*5*5*5*5 2*2*55*5*2 
-

- - 
- - - 

SUB—AREA RUNOFF COMPUTATION 
-

- 

. 

— 
- INFLOW HYDROGRAPH - 

-

- ISTAQ ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO 
-

-
, 

• 
~~~ : -

- 
. 

- 
. 

•

: 1 0  
- 

0 0 0  0 1 0 0 -

- - I 

- 
- - _ - 

•-: 
- HIDROGRAPH DATA 

- 
•
.

. 
-

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

—
- 

- 
_ 

- 
- - 

1 - 1 20.50 0.00 20.50 0.00 0.000 . 0 - 0 0 1•
- 

- 
- - PRECIP DATA - - • I-

- SPFE P115 R6 R12 R24 R48 R72 R96 - -

0.00 23.20 106.00 118.00 125.00 136.50 0.00 0.00 
• .

. -

R~PC CONPU1~DB~ THrPROGR4H lS .824 ~~~~~~~~~~ 

_____

I 

LOSS DATA 
•

• . • - 
• LROPT STRKR DLTKR RTIOL ERAIN STRKS ~ RTIOK STR TL CNSTL ALSMX RTINP

- - 0 0,00 0.00 - 1.00 0.00 
- 

0.00 1.00 1.00 .05 0.00 0.00 .

- 
- 

- UNIT 1IYDROGRAPH DATA - - I 

- - -

- • - IP: 7.30 CP: .85 lilA: 0 
- •

1 -~~~~~- - • — - -
- 

- 
- - - RECESSION DATA - 

. -
-

- •: 
- STRTO —1,50 QRCSN: —.05 RTIOR: 2.00 - .

- - - . UNIT HYDROGRAPW 67 END—OF—PERIOD ORDINATESI LAO: 7.22 HOIJRS, CP: ,81 VOL 1.O0~~~
-

. - 
- 17. 62. 124. 194. 269, 345. 422. 498. 574. 648. -

• : 720. 791. 859. 925. 990. 1052. 1112. 1171. • 
1227. 1282.

- 
- • I .~~ • 

• . 1336. 1387. 1436, 1478. 1509, 1530. 1542. 1547. 1546. 1538. - -

- . 
- 

-
. 

. 
- - 1525. 1506. 1484. - 1457. 1426. - 1392. 1353. 1311. 1266. 1216. -

I 1162. 1102. 1036. - 962. 869. 762. 660, 572. 495. 429.
- 

- - . . - 371. ~322. 279. 241 . 
• 

209. 181. 157. - 136. 11ff. 102.
- 

- 
- 88. 76. I 66. 57. 50. 43. - 37.

- s O~~~~~~~~~~~~~~~~~~~~~~~~~ END-OF-PERIOD FLOW • .•

MO.DA HR.HN PERIOD RAIN EXCS LOSS COMP 0 NO.DA HR,MN PERIOD RAIN EXCS LOSS COMP 0 -
.

- - - SUM 26.09 23.66 2,43 1258242. 
-

-

- 
- C 663.)( 601.)( 62.X35629.45) 

-~~~~ _- -—--- -. .—- -~~~~~ 
rn-._ --- - —_--



- -

~

~~~~~~~~~~~~~~~ *5*1*11*55 
— .

*t*****1t* - *55*5*15*1 
—

HYDPCGRAPH ROUTING 
- 

I :

RESERVOIR ROUTING -

ISTAG ICOMP IECON ITAPE JPLT JPRT INAN E ISTAGE IAUTO - -
.

- 2 1 ~~~~ 0~~ 0 0 O ~~~~ 1— O
- ROUTING DATA - 

-

GLOSS CLOSS AVG IRES ISAME IOPT IPPW LSTR •~ ~~.

o;0 o.000 —v;oo i 0 0 0 0 - 
• • :. 

- -

NSTPS NSTDL LAG AHSKK X TSK STORA ISPRAT
1 0 0 0000 0.000 0.000 1105. —1 - 

1 
-

STAGE 548.0 549.0 551.0 554.0 558.0 562.3 562.6 562.9 564,0 566.0
• - - - 566.1 ~66.5 567.0 570.~ - - 

• 
- 

- 
• 

- .: •

- 
FLOW 0. 14?. 772. 2182, 4696. 8030. 8310. 8748. - - 11757. 19881.

• 20173, 22135. z4723. 40584. 
- - - . - -

SURFAC E AREA: 0. 92. 175. - 404.   - -

CAPACITY: 0. 1104. 2680. 8312.

lIEVATION: 512. ~48. ~6O. 580. 
- 

- -  
. - -

- - 

• 
- 

CREL SPUID COON EXPU ELEVL COOL CAREA EXPL - 

- - - -

~48.O —o.r o;o——o;o— 0.0 0.0 o.o o;o
- - - 

DAM DATA 
- 

- 
- . : -

- TOPEL COOD EXPO DAMWID - 
-

562.3 - 0.0 0.0 0. 
-

- • ~ PEM TFLmrIr~~~8976~ ArTmr 48.2511oURs 
- • • 

- - - 

- 

- - - .

—— — -----~~ —--

- 
- 

*2*5*5*55* *5*5*5*55* - 

- ******~_*** _____ - - 
• 

- 
- - ..: -

- - 
- :  - 

- HYDR OGRAPH ROUTING - 
- 

- 
- 

. 
-

- REACH 2—3 
- 

-

- 
- - ISTAG ICOMP IECON ITAPE JPLT JPRT INAKE ISTAGE IAUTO

• 3 1 0 0 0 O • 1 0 0 
-- 

ROUTING DATA- 

- - - - - 
- 

• Q~~ 5 CLOSS AVG IRES ISAME 
- 

T OPT IPMP LSTR
0.0 0,000 0.00 1 0 0 . 0 0

NS TPS NST DL LAG AM SKK X 15K STORA ISPRAT
1 0 0 0.000 0.000 0.000 0. 0

NORHAL DEPTH CHANN EL ROU T ING ____-

GNU ) 0NC 2 ) ON (3) ELNVT ELMAX RLN TH SEL
.1000 .0400 .1000 525.0 560.0 200. .01000 

— - -_.------- - - . -—-_ —— -- - --- ---—--— -——--~~ - . - - --- - - - -



~— -,-~~- , _.—,.,.--•
- _—--—--._ _-—- -- —~~--—~~ --~~~-- ~~~~~- -- -

~~~~~~

- 08 -

- _ _
~~~~~~~~~~~~~

_ _  ___

- 
• 

*11*1*5*5* *5*15*5*5* *55*5*5*55 - 
*5*55*5*5* *1*1*5*1*5 . 

- 

- ‘

HYDROGRAPH ROUTIN G 
4 

3

, 
4. i

i

— 
—

~~~~~~~~ REACh 2-F 
- —- __________________________________________________

ISTAG ICOMP IECON ITAPE J’LT JPRT INANE ISTAGE IAUTO - 
• 

•: -
-

3 1 0 0 0 - 0  1 0 0 -

- ROUTING DATA~~~~~~~~
”
~~ - 

- - 
- •

I 

-

- GLOSS CLOSS AVG IRES 1S#HE IOPT 
- IP NP LSTR - 

- 
- - - •

0.0 0,000 0.00 1 0 0 - 0 - 0 • 
- •:.

- 

-‘ 
- - NSTPS - 

NSTDL LAG ANSKK X TSK STORA ISPRAT - - 
-
• 

.
• 

. 
-
;- 

1 0 0 0.000 0.000 0.000 0. 0 
- 

~~ •
.

- 
-

4 1

NORNAL DEPTrCUANNErRO1JTING~

QN(1) QN (2) QN (3) ELNVT ELMAX RLNTH SEL
‘ .1000 .0400 .1000 525.0 560.0 200. .01000

tRUSS SECTION COORDINATES~——STA,ELEV,STA,ELEV——ETc .

0,00 580.00 90.00 540,00 200.00 530.00 205,00 525.00 220,00 525.00
- - 

- 225.00 530.00 250.00 540.00 1100.00 560.00 - -

- 
STORAGE 0. 0. 0. 1. 1. 1. 2. - 3. 5. • 6.

8. 12. 15. 20. 25. 31. 38. 45, 54. 63.

- - •
‘ - ‘  OUTFLOW 0. 154. 498. 1042. 1902. 3099. 

- 
4699, - 6759. 9333. 

• 
12402.

- • ‘ 16620. 22061. 28926. 37413. 47708. 59985. 74411. 91147. - 110348. - 132163.

• STAGE 525.0 526,8 
- 

- 528.7 
• 

530.5 532.4 534.2 536.1 . 537,9 539.7 ~ 541.6- 543.4 545.3 - 547.1 548.9 550.8 
- 552.6 554.5 - 556.3 558.2 560.0

- FLOW 0. 154. 498. - 1042. 1902. 3099. 4699. 
- 

- 6759. 9333. 12402.

_______ 

16620. 22061. 28926. - 374134 
- - 

47708. -

. 
59985. - 74411, 

- 
91147w 110348 

- 
132163.

- - MAXIMUM STAGE IS 539.5 
- 

• - - 
- 

S

- -
.

- 
- 

-: - - - 
• - 

-;~ 

-

*55*5*5*1* *5*1*5*55* *2*5*15*5* 
— 

*1*5*5*5*5 *5*5*55*5* 
-

- .~ - - - .

- 

- - 

HYDROGRAPH ROUTING - ••  • - - - - • 

-

- • - - 

- REACH 3~4 
- 

- • - - - •~~ - . • -

ISTAQ ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO 
- 

- 

4 1 0 0 0 . 0  1 0 0
- ROUTING DATA

GLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR
- 0.0 0,000 O~00 1 0 0 0 - 

- 0
- 

- • 
. - - • - - -

-
NSTPS NSTDI. LAG AM SKK X TSK STORA ISPRAT

1 0 0 0 000 0.000 0.00 0. 0 



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

-- - - -

- 08
_________________ 

1*1*1*5*1* 
- 

*1*1*51*5* *51*5*1*1* 1*81*15*1 .
~ ‘7 - : 

-r

- NYF ROGRAPH ROUTING - - 
-

— 

- - - 
-- - . - - REAC~~~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -- 

• 
- - ISTAQ ICO$P IECON ITAPE .PLT JPRT INANE ISTAGE IAUTO 

- 

-
-~~~~~~~~

. 4 1 . 0 0 0 .0 1 . o  0- 

- • - 

ROUTING 0At4~~ 
- . — : -

- - - - - GLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR

- 

- 
- - 

- 

- - 0.0 0.000 - 0.00 1 
- 

0 
- 

0 0 0

NSTPS NSTD1. LAG AMSKK X TSK STORA ISPRAT
- 
. 

- 

- •~~~~~~~~~~
‘-

•~~ I - 0 0 0.000 0.000 1.000 • . 0. 0 - - -

— 
-. 4

-, 
~~ MJRNAL]EPTIUCHANNErROUTING - ‘ •~~; 

-
• - -T~ 

-
- • ;  - - 

- - 
• 

- 
•• • .‘ p 

II- -.i c -.
-
~ — ~ 

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

ON(1) ON(2) ON(3) ELNVT ELMAX RLNTH SEL
.1000 .0400 .1000 523.0 560.0 1200, .00170 - I - 

- - 
- - - - •

• - f
. • .• - 

— - 
-

- -
. - • - - - - -

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
4 

.-i~~~~ 
.5

_ _ _ _ _ _ _ _ _  
S S .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - 0.00 560.00 50.00 540.00 100.00 528.00 110.00 523.00 120.00 523.00 - - -  

.-

- 130.00 528.00 470.00 540,00 630.00 560.00 
- 

. • I

STORAGE 0. •~ 1. 2. 4. 1 28. 43. - - 62. — , 83- 107. 131. 157. 183. 211. - 240. 270. 301. 333. - - 366
OUTFLOW 0. - 53. 197. 478. 994, 1819. 3034, 4708, 6908. - 978~

________________ 13508, 17806, 22669. 28093. 34079. 40629. 47744. 55432. 63697. - 72545

STAGE 523.0 524,9 526.9 528.8 530.8 - . 532.7 - 534.7 . • 
- 536,6 535~,L - 

-
s 540.

- • - - 

- 
542.5 - 544.4 546.4 548.3 550.3 - . 552.2 554.2 • 556.1 • 558.i 560.

• •~ - FLOW 0. 53. 
- - 

- 197, 478. 994, - 1819, - 3034. 4708. 6908. 978’~
— 

13508. 17806. 22669. 28093. 34079, 40629. 47744.- - 55432. 63697. 7254~
MAXIMUM STAGE IS 540,0

- 
*11*1*1*1* *1*2*11*1* - 

- •_
~
.
~~~

.
u*

.
*

S_***__.___ 
ttt***_*.*_u__ 

- 

*1*1*1*1*5 -• - 
S

~

,

-, HYDRO GRAP H ROUT ING

- - REACH 4—5 
- 

-
~~~~~~~~~ 

___________________________
- 

- - ISTAG ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO - -~~~~- 

5 1 0 0 0 0 1 0 0 -

R OUTING DATA
• I GLOSS CLOSS AVG IRES • ISAME IOPT IPMP - LCT~. - 

- S 
—
~:-~ —

- 
• - 0.0 0.000 0,00 - 1 0 - 0 0 - 

• 
.-~ 

- 
- -

- •
. 

- 
• 

~~~~~NSTPS NSTDL LAG AHSKK X TSK STORA ISPRA T
• - 

1 0 0 0.000 0.000 0.000 0. 0 
• - - •

- . • - - :  - - . . .  - 
• 

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



_______ 
~~~~

—: — - - — - ‘
~~ ~~~~~~~~~~~~~ 

—‘
~

-- .  —
~~~~~ 

- -_ -_--~ ---•-— _._— - - ----—-. .— •- -‘---—--- - —--.---—-S-- —- -— ______ 
—5—--

2*5*881* 11*11*1*1* 15*2*1*1*1 
— 

*1*1*1*15* 
- 

*11*111*1*

HYDPOGRAPH ROUTING

— - 
REAC}l 4-~~~~~~~~~ 

•
__—— 

-
. - ISTAO I~OMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO - -

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

5 1 0 0 0 0  1 0 0
ROUTING DATA 

—_________________________________________

dLOSS CLOSS AVG IRES ISAN E IOPT IPNP LSTR
0.0 0.000 0.00 1 0 0 0 0

NSTPS NSTDL LAG ANSKK X TSK STOR A ISPRAT
- 

. . 
- -

. 

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

-5- , c 
.. 

4

~~
- . S - 

~~~~
- -- ~~ .: ‘. - .- - 

- 
~~~~ I - .  - 

.  
~~ . 5

.
• -:-~~ -

I4ORNAL DEPT11 CHANNEL ROUTING ~~: - ~~~ ~- 
-

GNU ) ON (2 ) GN (3) ELNVT ELMAX RLNTH SEL 
—

.1000 .0400 .1000 521.0 560,0 1000. .00200

r
CROS~~SECTION COORDIN ATES~~STAvELEV ,5TA ,EL EV——ET C 

. . 

- 
- -

-

0.00 560.00 200.00 540.00 450.00 525.00 520.00 521.00 528.00 521.00 , ‘
5
’

- - - 
- 

- 
-
- 

- 530,00 525.00 700.00 540,00 830.00 560.00 . - 
- - - - - - . - - - ~~— --~ -1

____ - _______— -

STORAGE 0. 1. 4. 10. 17. - 28. 42. - 58. 78. - ;  98.
- 122. 147. 175. 203. 234. 266. 299. 334. 371. • 409.

OUTFLOW - 0. 101. 525, ,- 1563, 3157. 5368. - 8251. 11863. ~~~. 16261. 
- 

~ 21497.
• 27832. 35113, 43270. - 52319. 62274. - 73152. 84972. 97754. - S 111515. -- - :  126276.

• 
- -.:. STAGE 521.0 - 523.1 525.1 527.2 529.2 - 531.3 - 533.3 535.4 - 537.4 .~•-539•~

- 
. , ~ • • - 541.5 - 

I 543.6 545.6 547.7 549.7 - 551.8 - 553.8 - 555.9 557,9 - - -. 560.
- 

— . FLOW 0. - 101. 525. 1563. 3157. 5368. -s 8251. 11863. 16261. -Y 21497 .
- 

- S
. 

- - - 27832. 35113. 43270. 52319~ 62274. 73152. 84972. 97754. 111515. 126276.

- MAXIMUM STAGE IS 533,7 - - - 
- 

- 
-- - 

-
- 

• - 
- 

- 

. - 

• 
—

• . • ,

*1*1*1*1*1 2*11*1*1*1 __..!.******tt.* _ *11*1*11*2 *11*5*15*5

SI I . - - - • 5 - - -
4 4 .

• - 
- PEAK R.OW AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAN—RATIO ECONONIrCOKPLJTATIONS ~~.

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

- 

-

— 
AREA IN SQUARE MILES (SQUARE KILOMETERS) 

•

S 
.- - - - c

RATIOS APPLIED TO FLOWS
— OPERATION STAT ION AREA - PLAN - RATIO I - — 

- - - - -

1 .34 - 
~~~~~~~~~~

HYDROr~RAPH AT I 20.~fl I IflhlQ .

----- ---- --—-- S - - -  —-5 ------ . -S- - -- ---- - •~~ - —~~-- -— - — --- --—— —~~



- — -5_S5~5~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ — - -

i- ti%t~ i-LU~ ~W ~~i t~ i~ t.th (L? ~LI (J~ ~J~LULl ) ~U~Mk’Y FG~ IIULTIFLE PLM—i~J TIO ECCNO~IC COAP UTATI ONS
- • 

5 - -
S 

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

- 

-
• • -

- . - 

- 
•. 

S 

AREA IN SQUARE MILES (SQUARE KILO METERS ) - - /7 -
.

- - - -

RATIOS APPLIED TO FLOWS -

SPERATIOI SJATIDK ARE LAJI RATIO i . 
— 

. 1 -

S - \ - .  - . - - - - - .34 S - - .- - - -
5
- -~~

. 
- ‘. 5  -~

HYDROGRAPH AT 1 20.50 1 10138.
- C 53.09) 

- - 

C 287.07)( 
- . •

ROUT ED TO , 2 20.50 1 8976. ~
-

C 53.09) C 254.17)( .

ROOTED TO 3 20.50 1 8977.
- C 53.09) C 254.2 1)( - • I : 4.

•
.

I - SIT

ROOTED 10 4 20.50 1 8965.
53.09) C 253.86)( 

—

ROUTED TO 5 20.50 1 8971. 
- 

- . - 
- - 

..• • ‘

C 53.09) C 254.02)( - 

- - - 
- 

- 
• - I

1 SUMMARY OF DAM SAFETY ANALYSIS ~.
4 4 k

PLAN 1 ............... - INITIAL VALUE SPILLWAY CREST TOP OF DAM • 
- y •

- ELEVATION 
- 

548.01 548.00 562.30 - •

~TORA GE 1105. - . . ~ 1104 - 3107.
OUTFLOW 1. 0. 8030.

-.5 —
-5 ~I- - •_ _ . 5 _  . - - S ~~~

RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATIO N TINE OF TIME OF 
4

• 
- 

OF RESERVOIR DEPTH - STORAGE OUTFLOW - OVER TOP MAX OUTFLOW FAILU RE - .

I ~
- -

- • - . 
- - - . -~ - - rM~ S;ELEV~~~OuER DAW AC—FT CFS T HOURS TiC S - .,. HOURS T- . -

(-~~~~5 
- - - S •151 - - 

- - -

.34 562.98 .68 3243. 8976. 3.50 48.25 0.00
- 

5 •- . 
-
~~ I- -

- - - •~ ~~
..

PLAN 1 STATION 3 
- -. • 

- -

MAXIMUM MAXIMUM TI ME 
RATIO FLOW,CFS STAGE ,FT HOURS

• .34 8977. 539.5 48.25 
-

PLAN 1 STA TI ON 4
- - 

MAXIHUN ?(#XTH1J?f TiME 
•

- -
- 

- - - RATIO FLO W,CFS STAGE .FT HOURS  •
- 

- 
-.

- - - - - - .34 - - 8965. 540.0 48;50 
• 

- 

~~~ 
- -
~ 

• -  - : ;  • -

_______________ - PLAN 1 STATION F~~~~~~~ •
- 

-

• 
- -

‘- -
- I .

- - MAXIMUM MAXIMUM TINE
f~ ,~ f RATIO FLDU~CFS 

— STAGEtFF HOURS — 

~ r

- — 
—~~~~~~~--- - S--rn -- ---a ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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~~*1~~ 1* 1 -
~

— -
~~~~

- • ._ •_ ••~~1ç&~~... A ’V4~ysir -
• 

. 1 Al SWEET ARROW LAKE DAM 1*1* UPPER LITTLE SWATARA CREEK
- 2 A2 PINE GROVE TWP., SCHUYLKILI. COUNTY

- - 
- • • A3 ND I t PA—00680~~PA DER $ 54— 102 — _____

(F A - - 8 3 0 0  0 15 0 0 0 0 0 —4 0
5 - 

- 
- 81 5

-

‘ 

- 

- 

6 - 
— J 5 1 1 —

•
• 7 J1 ,34

8 
- 

K 1 1
- - 9 Kr - INFLOW HYDROGRAPH 

- 

—-

•~~~~

- . - 
- 10 - M 1 1 20.5 - 

- 1
• 11 P 23.2 106 116 125 136.5 •

12 - 

~~T 
- - - 

- — - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- - 13 • W 7.3 .85 
-

- — :- - 14 X —1,5 — .05 - 2 - 
- 

5 1 5  •~~r , -  K~~~~1 2 - 1 -  - -

• 
16 KI RESERVOIR ROUTING — DAM BREACH
17 

- 
Y 1 1 - 

• 

- 

—

-~~‘. 18 Y1~~~~[~~~~ 
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -1 
-__________

• 
- - - 19 

- 
Y4 548 549 551 554 - 558 562.3 562.6 562.9 564 566- 

20 Y4 566.1 566.5 - 567 570 - 
- S 

- 

S

S i1 
- 

- 15•- -
~

- 0 149 772 2182 4696— 1030—8310 —8748—n 757—19881

• — - s22 - - 
- • Y5 20173 22135 24723 - 40584 - 

- 
- 

- -
-

S 

- 

- 

- 
-

23 IA 0 92 175 404
- 

- 24 - 

*E 51z 54u ~6U ~80 
- 

- 

- . 

- .
- 

- . - 
-

• 

- 25 - $1 548 - 
- - 

• - • 1. . 
- - 

- 
- I 

- - 
-
5

- 
-

26 $8 562.3 
- - -

-

- - - -
. - - $F~~~50 r— 538 - —.z ~ 548 562,8~~ - - 

- • 
- -

• 
28 18 50 1 538 .5 548 562.8

- - -  - 29 - • lB 50 1 - 
• 

538 . 1 548 562.8 • - 
-

- 

30 $8 50 1 538 2 548 562,8
3! 18 50 1 538 4 548 562.8

- - 32 K 1 .3 - , 1 -

33 1(1 REACR T—3 - - - - , - . 5
-

S 
34 Y - 1

_
_ _ _ I - 

- S 
• - - 

~~:
~~. .

-
. 35 - 

- Yl 1 . .

- - ,.~~~~~~~~~~36
_

~~~~~~~~
T5 Y6 ~~~r ;o4~~~~~ ;1 525~~~ 560~~~ 200 O1~~~~ 

— 

S 
-

• 
:- -

~ 37 - 
- -
. Y7 0 560 -

- 90 - 540 200 - 530 205 - 525 220 525
- - 

38 Y7 225 530 250 540 - 1100 560 • - -

- 
- 

• 
39 - - - 

- : ~~~~~~~~40 K1 REA CH 3—4 —

- 41 Y - - 5 - _ S I  . 1  -

42 Y F I  ~~~~~~~~~~~~~~~~~~~~~ - —- -. — 
- -

o - 43 - Y6 .1 .04 .1 523 560 1200 .0017
44 . Y7 0 560 50 540 100 528 110 523 120 523

- - 45 17 130 528 470 540 630 560 
-

- 46 - - K 1 5 . - - . • 1 -

- • - 
- 47 Kl REACH 4—5 • 

-

48 1 1 T  -

0 : ’ -  49 Yl 1 
-• 50 Y6 .1 .04 .1 521 560 1000 .002

1 5 1  Y7 0 560~~~ 200 540 450 525 520 521 — 528 521
• - 

- 
- — 52 Y 7 530 525 700 540 830 560

- 53 K 99
- 

- 
- 

PREVIEM orSEoutNcE or-SIREAM NETWORK CALCULATIONS
- 

RUNOFF HY ORO GRAP H AT 1
- ROU TE HYDR OORAPH TO “ 2  -

• -~ ROUTE HYDROGRAPH TO 3 - 
S - 

-
- ,  

- ROUTE HYDROGRAPH TO 4 - 
-

ROUTE HYPRO GRAPH TO 5 
—_______

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

-

~~~~~
---

~~
-- - - --. - - • - .-- - - —-——“--- - 

SWEET ARROW LAKE PAM *1*2 UPPER LITTLE SWATARA CREEK 
~—/�.o • - :

• PINE GROVE TUP ,, SCHUYLK ILL COUNTY 
-

. 
-

NOt $ PA-00680 PA PER $ 54— 102 • . 
- 

S - 
.-

• .X~B SPECIFICATION - 
-

S * NO NHR NMIN IDAY 11CR - IMIN METRC ZPLT - IPRT NSTAN
300 0~~~~15~~~~~0 0 0 0 0 —4 0 -

- JOPER - NWT Ltwp r TRACE - • 
- 

- S 
- 

- 5

- 5 0  0 0 5 
-

- - II~~5 -
,

- • - . - ‘.1

MULTI—PLAN ANALYSES TO BE PERFORMED - -

1~UNi5 NRTIO~ I LRTIO= 1 
- 

- - • .• - ~~ • 
- -- RTIOS~ .34 _ - 

- 5 
- 

S - 
-
~

-~~~ 
- • S - S :

~~~~ _ - S S - -

1*1*1*1*1* 
- 

*115*51*1* 
- 

- *2*11*11*1 *1*1*1*2*1 *1*11111*5 
- 

- --

S
- 

-

SUB—AREA RUNOFF COMPUTATION
_________________- 

- - 

- INFLOWHYDROGRAPH - — 
- 

• 
-

~ 

- 

-

ISTA O ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE - IAUTO- - I

1 0 0 0 . 0  0 1 0 0
- 

~. HIDROGRAPH DATA
IHYDG IUH G TAREA SNAP TRSDA TRSPC RATIO ISNOW ISAME LOCAl. 

__________________———--.--S—.&.- —-—-— 

~~~ T T 0 . 5 0 0.00 20 50 O00 0.~0 0 0 ~~~~1 0

PRECIP DATA - - 

S - 
- 

- ‘ . • 
-

SPFE PKS~~~~R6 R12 R24 R48 R72 R96
0.00 23.20 106.00 116.00 125.00 136 .50 0.00 0.00 - - 

-

— 
IRSPC COIiPUTED BY THE PROGRA M IS .824 

- 

• 

-~ 

- - 

- 

-

- 
-

-

LOSS DATA - 

- -

- 

•
~~:.

LROPT STRKR DLT KR RTIOL ERAIN STRKS RT IOK STRTL CNSTL ALSMX RT IM P
-- -

, - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o~OO 0.0O - • - ~
-

- - - - 
- . . - S 

• 
- 

- • - - 
-

- 
- - •

~ UNIT HYDROGR APH DATA - - 
- 

- 
-

~

- - 
TP~~7;3o tP~~;85 HTAi o - 

-

-

RECESSION DATA
STRTQ:~~~15r 1RCSN 705 ~~ RTIOR: 2.00 —

UNIT HYDRO GRAPH 67 END —O F—PERIOD ORDINATES , LAG: 7.22 HOURS , CP: .81 VOl.: 1,00 
• 

. .
‘ -

17. 62. 124. 194~~~~~ 269, 345, - 422, 498. 574.~~~~~4S.720. 791. 859. 925. 990. 1052. 1112. 1171. 1227. 1282.
1336. 1387. 1436, 1478. 1509. 1530. 1542. 1547. 1546, 1538.

- p 1525. 1506. 1484. 1457. 1426. 1392. 1353. 1311. 1266. ~216. -, -

- 1162. 1102. 1036. 962. - 869. 762. - 660. - 572. - 495, 429. - -

371. 322. 279. 241. 209, 181. 157. 136. 118. 102.
- 88. 76. 66. bi. 50. 43. 37.

- 
• 0 END-OF—PERIOD FLOW

MD,DUHR .NN 
- PERIOI RAIN EXCS LOSS tONP -O MO .DA - HR.NN PERIOr RAIN EXCS IOSS COMP 1

• 
5 

- • I - - . - • ~

— 
- 

- - SUN
- 

- 
• 

- - • ( M3.)C 601.)( 62.)(35629.45) *

.5 . - •_ ,_ - - - - 
- S - -

t.s ~~~ .

— _ —-- -

~ 

~~~~~~~~ - S — .



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

___________________________ - 

S

• *2*11*1*1* 1*11*5*11* *11*11*1*1 
— 

5*1*1*1*11 *1*15*11*1 
.3/1L.ó • 

•

.

HYDI~OGRAPH ROUTING

- RESERVOIR ROUTING - DAN BREACH ~~- —  
- •.

- ISTAQ ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO - 5

-

S • ! . 2 1 0 0 0 0 1 0 0

S - ALL PLANS HAVE SAME 
- 

- - 
- 

- -

- 

ROUTING DATA — S

- 
— - 

- - OLOSS CLOSS AVr IRES ISAME IOPT IPMP — LSTR - 
S
_ f ’

0,0 0,000 0.00 1 1 0 0 0

- - NSTPS~~~STD1 L A G A M S K K X S K STORA~~5pRAT - 
• - - -1 0 0 0.000 0.000 0.000 1105. — 1 - - 

- - 
-

sTA6~ ~48.0 549.0 551.0- 554.0 558.0 
- 

562.3 - 562.6 562.? 564,0 ,566,V
— 

• 566.1 566.5 567.0 
-

- - 570.0 
- 

-. 
S 

- 5 
-

FLOW 0. 149. 772. 2182. 4696. 
- 

p030. 8310. 8748. iImi . • ; IY~8I•
- - 20173. 22135. 24723. 40584, - - 

- - 
~- :  

~~~~~~~~~ 

-.

S
. 

siJ~ ACrAREA= - 0. Yz. Ii~. - 
-

- 404, • 
• 

- 
— 

- - -- 5
- 5 

-~~ • 
5

55~

CAPACIfl 0. 1104. 2680. 8312. 
——

- 
ELEVATION: 512. - 548. 560. - 580. - 

- 

- 

-

• - - CREL~~~PWID tOQW EXPW ELEVt COQL tAREA EXpL - S
548.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 -

- 
- 

• - - TOPEL COQD EXPO DAM WID • - 
- ;;

_ _ -
. - -

- 

562.3 0.0 . 0.0 0,

DAM BREACH DATA -
- 

- 
- 

- 
- 

‘ S 
- 

- 
- - BRWI D Z ELBM WAIL USEL FAILEL - - - S 

••

S 
- 

—- 50~~~100 538 00~~~~~25~~ 4L0F 567;8o • .- •~~ - - - .

BEGIN DAM FAILURE AT 47.50 HOURS - 
- 

5

- 

-
-

- 

- - 
- -

I PEAK OUTFLOW IS 32629. AT TINE 47.75 HOURS 
• 

- - 
- 

- 
- 5 

- 
S 

- - •

~~~~~~~~ 

- 

- 

- ~~~~~~ -

ITHr DAN BREACH HYDRCGRA PH WAS DEVELOPED USING A TINflNTERVAL OF .005 HOURS DURING BREACH FORMATION ,
DOWNSTREAM CALCULATIONS WILL USE A TIME INTERV AL OF .250 HOURS. - - 

- -

THIS TABLE COMPARES THE HY DROGRAPH FOR DOWN STREAM CALCULATIONS WITH THE COMPUTED BREACH HYDROG RA PH .
INTERMEDIATETLOW S ARE1N TERPOLATE Ir FROM END-OF-PERIOD VALUES . - - 

S - • 

— 
- - - 

- 
- . • • - 

S

- - - 
5

- - . - - - 
_ 5 _ _ 5 4 _ S _ -S - - - 5 - - - 5 - -

- 

TINE FROM INTERPOLATE D COMPUTED S 

- 
-S

— TIME BEGINNING BREACH BREACH ERROR ACCUNULATED ACCUNULAT~D- -I OF BREACH HYDROGRAPH HYDR OGRAPH ERROR ERROR -
(HOURS ) (HOURS ) (CFS) CCFS) (CFS) (CFS) (AC—F l) -

47.500 0.000 9624 . 8624, 0. 0. 0.
5 47.505 .005 - 9104. - 8784. - 320. 320. 0. •~~~. .

- 47.510 .010 9584. 8916. 
• 

668, - - 988. 0.
- 

I 
- 

47.515 .015 10064. 9073. — 991, 1979. 1. -

• 47.520 .020 - 10544. 9252. 1292. 3272. - 1, •

- 
• .

-
• 

- 
47.525 .025 -i1O25~~~~~T 9452. 1573. - 4845. 2. - -

- 
- 47.530 - - .030 11505. - 9670. 1835. • 6680. 

- 
3. -

-: - 
~~ ,,Ii rsc ‘5*.,. •



- — S  -- -~~~~~~~~ - - ---.
~~ r ~~

- ‘5- --—5 - - 
~-55--- _~ SS~~

- S - — - - I5 ~~~~ S S 5  — - - 151Ji SI  II I~~)

-
- — 

- 
TIME BEGINNING ~ BRIACH ~~~~ BREACH ERROR ACCUNULATED ACCUMULATED

~
- - • - OF BREACH HYDRJ GRAP H HYPROGRAPH ERROR ERROR - 

•

5 
- 

- - (HOURS) (HOURS) ((;FS) (CR5) (CR5) (~FS) (AC-FT) - - ‘

1 -
‘ 

5
, - I -  -

47.500 0.000 8624. 8624. 0. 0. 0.
- 

- I - 47.505 .005 9104. - 8784. 320. 320. 0. 
- 

- 
- 5 e-  -

- 47.510- .010 9584. 8916. 668. - 988, 0. - 
- - S

- 
47.515 .015 10064. 9073. 991, 1979. -

•

47.520 .020 - 10544. 9252. 1292. 3272. I 
-

- 47;525 .025 11025 9452, 1573, 4845. z.
47.530 .030 11505, - 9670. • 1835. - 6680. - 3.
47.535 .035 11985, 9905. 2079. 8759. 4.
47.540 .040 - 12465. - - 10158, 2307. 11066;
47.545 .045 12945. 10428. 2517. 13583. 6.

- 
47.550 .050 - - 13425. 10713. 2712. 16296. 7. -

S

- -
- - - - 5 - - - - 47~555 - .055 .- , 13905. T 11013. 

- 
- 28?2~~~~19188. 8. - 

— -

47.560 .060 14385. 11329. 3057. 22244. 9.

• 

- - 

~~
- 

- 47.565 .065 14865. 1165?. 3207. 25451. 11. - -: -

47.570 .070 15345, 12003 3342. z8794~ 12.
- - - 47.575 .075 - - 

15826. 12361. 3464. 32258. 13.
- - 47.580 .080 - 16306. 

- 
12733. 3572. 35830. 15.

- - 
- 

- 
- 4T.585 ,08~ 16786. 13119. 

:‘- 
3667. J9497, - 16, -

S - 
- 

- 
- 47.590 - .090 17266. 13518. 3748. 43245. 18. - -

- - 
5 47.595 .095 -

- 
17746. 13930. 3816. 47061. 19. -

- 
-

- -
- 

- , : - 47.600 .100 18226. 14355. 3871. 50932. ~~21. -
- . - 47.605 .105 -

- 18706. 14792, - 3914. 54846. - 23.
47.610 .110 

- 19186, 15242. 3944. 58790. 24.
47.61~ - .115 19666. 15705. 3962. 62751. ~~ 6.

- 47.620 - .120 20146. 16179. - 3967. 66718. 28.
47.625 .125 20627, 16666. 3961, - 70679. 29.
47.630 .130 21107. 17164. 3943. /4622 . 3!.
47.635 .135 21557. 17674. - 3913, — 

- 
78535. - 32.

47.640 .140 22067. 18195. 3871. 82406. 34.
47,645 .145 - 

22547. 18728. 3819. - 86225. - 36. - - - -

47.650 .150 23027. • 19272 . 3755. - 8997?. 37.
_________________________ 47.655 .155 23507. 19830. 

- 
- - 3677. 93656. 39, 

-
-

41.660 .160 2398). • - 20408. 3579. 97236. 40.
- - I 47.665 .165 - 

- - - - 24467. 20996. 
~I 

- 100707, - -  42. -

47.670 .170 24947. 21596. - 3351. 104058. 43. -

- 
47.675 ,1~5 ~ . 

- -:: 25428. .  22207. - 3221, 107279. 44 .
- 47.680 .180 - - 25908. 

- 
- - 

. 22828. • 3079. 110358. - - 46.

_____________________ 

47.685 .185 26388. -  23460. 2927. 113285. ~~~~~ -

41.691 .190 - 
- - 26868.  24103. 2765. 116050. 48. 

~~~~ -

47,695 .195 . 27348. 24756. - 2592. 118642. - 4?.
47,700 .200 27828. 2541?. 2409. 121050. 50.

- 
- 47,705 - .205 - 28308. - 26093. 

- 
- 2216. 123266. sI. - -

- 
I 

- - - 47,710 .210 - 28788. • 
- 26779. - S 

- 
2009. 125275. - 52.

-
- 

• -
~~

-
~~ 47.715 .215 - 

• 29268. - - 27477. 
- - 

1791. 127066. 53. 
_______

S 47.720 - .220 29748 . - 28186. - 1563. 128629. - 53.
-
. : - 

47.725 .225 •
- 30229. 

- 
- 28903. - -

- 
— 1325. 129954. 54.

- - 47,730 .230 30709. - 29631. 1078. 131032. 54.
- :- • 47.735 .235 31189. - 30367. 822 . 131854. 

- 
54. 

- -
- 

- 
5 47.740 .240 31669. 31112. 557, .132411. 55.

_________ 

5 47.745 .245 32149. 
- 

- - 31866. 283. 132694. 55.
41~~5O .250 32629. - 32629. 0. 132694. 55.

1$OVF* - - 
-

—• 
STATION 2 - 

5 -

TIME - 
. (0) INTERPOLATED PREAC HYDR OGRAPH - 

S 

- 

-- - 

- - 
- 5 55

•
~

(~~S) 1B) COMPUTED BREACWHYDROGRAPH~~~~ 
- - -- S 

~~~~--



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

— 5 _ _ _ _ _ _ _ _ _

- 
:c/~L 4 I  S

TIME (0) INTERPOLATE? BREACH HYDRO GRAPH —

- (WS) (BJ COMPUTED BREACH I4YD~OGRAPH S - -— 
S 

-

8000. 12000. 16000.. 20000. 24000. 28000. 32000. 36000. 0. 0. 0. 0.
47.50 1.8 . , , . . ,, . .

- •  47.5r 2 PO - •  ‘ S - 
~~

• - - .47.51 3. 8 0 . - . . . . . . . . ~~~~~~
47.52 4. 80 . . . . . . . . - - 

. - -

47.52 5 . 1 0  , 
-5- , , 

S I 
•____, ,_ 

, I -

47.53 6. B 0, . 
• 

- . . . . . . . .
47.53 7. B 0. . . , . . . . . . .
47.34 B~~~~B D  - . - . . 

S 
.

5 
- .

5- 
. 

S ‘ - 15- ~~~~ 
~

47.54 9. 8 .0 . . S 
- . . . 

~~___ __ .•• .‘

47.55 10.,.,..B.,...O,,,......... ......... .... ,•.,,....• .. ~ ,, , ,•  . .... . •...,.•., .,. . ., .. ,..,,..,,,..... ,,, ,  . 1 .• II ~~~~~ ,,,,,,,

47.55 11. 
- - 

B • 0 . - : - - 
— . . 

- 

— 

- . . ‘ •-

- 47.56 12. -
- B , U . - _ - -.. 

- - - 
S 

- 
. . . - . . -

47.56 13. 8, 0 • ‘ ‘ ‘ ‘5 47,57 14, - s. u . - . - • ~~- 
-

• 47 - n - -. I U ,  I 
-

- ‘ ‘ - ‘ ‘
47.58 16. - .B 0 , .-  -~ - . . . . . .

— 
47.58 17, TB .0 - . - 

-

- . - 
-
, • ,~~~~~~~~~~ ~~~ . . . -

47.59 18. • B • U ‘ . - s , , - - - , , , , &

47.59 19. • B • 0 . • . • 
- . .  , ,

47,60 21. • B • 0 . • . .
-

- 47.61 22. -
~ , - - B • 

- 0 • - ~~— 
~, - . • -  

- 
, 

‘ 
- 

-

47.61 23. - . B .  0 .  
- 

- . . .
47.62 24. • B. - I 

- - , - , 
- , , - - , -

47.62 25. • B 0 . - . . ,

47.63 26. - 
- . • B •~U ~.. . . , T~~~~ • . , •

47.63 27. - . ‘. 8 • 0 - - - 
, 

5 

— 
- , I 

- , ,
- 47.6428, • . 8  . 0  . . 

S • • . .
47.6429. . . B • 0 • . .~~ . . , .

:_ 47.65 30.... •.,,.,,,,,,..,...,. ....B . ,, , ,  . ,.0. . .. .... •....... . . •.. . . •• .•.•.••. .  ,.•. •.., .•  •. ...•. ,,,. ..• •. .... . , , , .• •,• •, , ,
- 

- 47.65 31. • . B .  - O . ~~~. - • • . .
47;66 32. 

- 
I 

-
. - - - r -

_ - ‘~ • ‘ 
— • • ‘ -

47.66 33. . • .8 U . . .

• 
- 47.67 34. - • 

- . - 
- . B S - .0 . , -

- 5 • . • S

47 6i~ s. - . .- . 8 .0 . , 4 , . - -

- - 47.68 36. • . • 8 . 0  . . • . . . S .

- 47.68 37. - 
- . , B ., 0 . - . . .

-47,6T38,- I T  - . . 
- 

. B. :, - p  - 
• 

—
~~~

ç • - . . •
:
~~.

, 47,69 39, . . • . B 0 .  • • • -

- 
47.70 40.,...., , , . . . . . . .,, . . • . . . . . . . . .  . . , . . . . . ,.. .8.... .0....., . .. • . .. . • . . . • ., . • . . . • . . . , . , . • . .••. .•.  . .. . • . • . . .• . . . • .. .
47,70 41. , . . . B 0 • • .
47.71 42. , • . . B .0 , . .

47.11 43. - . . . - . 8 .0 . • .

- 47 72 44, 
• , . . . - . - R . 0  

- 
. - • - . . -

- 47.72 45, - . - . •
- . - - B 0 , , , , S

- 
47.7346, . • S 

- 
• .8 0 . . .

47,73 47, • • . S • B 0 . . . . .
47.74 48. . • . . . 8 0 .  . • •
47.14 49, . • . . - . 80. . .
~~~~ ~~~~~ • • • • •• • • • • i i •••• ~~~•, • •i•••~~•• ~• • • •• • •,B~ •, • • I  •~~ I • I • ~I • • I I .,• I • • •  I I I •  • I  • I • • •~~~• I -

47.75 51. . • • 
S . . 8 . . - , .

II0 VN* - 
- 

S

— SS5~~~~~~~~~ 5- —--- 5— SS— ~~~~~ 5~5
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~
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~~~~~~~~~ 
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DAM BREACH DA TA b
_______________________________________________BRWID Z ELRN TRAIL WSEL FAILEL

I 

- 

~~~~~~~~~~~~ 
5- ,50 548.00 562.80~~~~

BEGIN DAN FAILURE AT 47.50 HOURS - 
‘I 

- -

PEAK OUTFLOW IS 30491. AT TIME 48.00 HOURS S - - 
- 

- -

1TH~~DAM BREACH HYDROGRAPWWA S DEVELOPED USING AT ThFIN TE RVAL 0F .010 HOURS DURING BREACH FORMATION. ~- - ~~~ • 

5-

- DOWNST REA M CALCULATIO NS WILL USE A TIME INTERVA L OF .250 HOURS.
THIS TABLE COMPARES THE HYDROGRAPII FOR DOWNST REAM CALCULATIONS WITH THE COMPUTED BREACH HYDRO 6RAPH, 

- - 

-

INTERflEDIAT~U0WS ARE INTERPOLATED FROM END-OF—PERIOD VALUES~~ 
— ______________________

- 
-
~~ S 

- 
- 

• 
- 

- 

TINE FROM INTERPOLATED - COMPUTED - 
- 

S 
-

S - TIME 1EGINNING BREACN — BREACH ~~tRROR ACCUMtJLATED ACCUnULATEfl - -: -
- - - - OF BREACH HIOROGRAPH HYDRO GRAPH ERROR ERROR 

-

(HOURS ) (HOURS ) (CFS) - (CFS) (CFS) (CR5) (AC—FT) - 
- -

47.500 0.000 8624. 8624, 0. 0. 0.
• : - - - 47.510 .010 - 8934. 8787. 147. 147, 0.  - — 

- 
- 

47.520 .020 - 9245.~ 8923. - 322. - 46?. 0,~~ —

- 47,530 .030 - 9555. 9082. 473. 942. 1. -

47.540 .040 9865. - 9263. 602. 1544, 1. -

47.550 .050 10176. 9464, 712. 2255 — 
2. -

• 
- 

- 47.560 .060 - 10486. 9682. - 804, 3059. 3, ._ •
- 

- - 
- 

- - 47,570 - .070 10796. 
- 

9918. 879. 3938. 3. - -i :  -

- 47.580 .080 - 11107. • - 10169, 938. 4875. 4. - 
S

- - I - - 47,590 .090 11417. - 10436. 981, 5857. 5 5.
- 

- - 47.600 .100 11727, • 10717. 1011, 6867. 6.
- - S 47.610 .110 12038. 11012, 

- 
1026 . 5- 7893. 7,

5 _  -

- :; - 
- - 

- 
- 47.620 .120 - 12348, 11320. - 1028. 8921. 7, - —

47.630 .130 - 12658. 11641. 1017. - 9938. 8.
47 .640 •140 12969. - 

- 11975. 993. 10932. 9.  -

• 
- 

- 47.650 .150 13279. 12321. 958. 11889. 10.
- 47 ,660 .160 13589. 12679, 

- 
910. 12799. 11,

5 
- 47.670 .170 13900. - 13049. 851, 13650. 11;

47.680 .180 • 
• 14210. 13429, 781. 14431. - 12. -

-
S 47.69 0 - .190 14520, -

- - 13820. - - 700, 15131.- 13. - -
-

- - 
- - 

. - - 47.700 .200 14831. - 14222. 609. 15740. 13.
- -

- 
- - 

- - 47.710 .210 15141. - 
- - 14633. , - 508. 16248. 13. - 5-

47.720 .220 - S 15451. 15055. - 397. 16645. 14,
S - 

- - 

- - 
- 47.730 - .230 15762, 15486. - 276. 

- 
16920; 14~- - 47.740 - .240 - 

I .16072. 15926. - 146. 17066. 14. I ’ . -

- 
‘ 1  

- 
- 

• 47.750 .250 16382. 16382. 0. 17066, 14. - -

47.760 .260 16947. 16855. 91, 17158. 14.
47.770 .270 17511. 17338. 173. 17331. 14.

- 47.780 .280 18075. 17829. - 246, 17577. 15. 
-

5 
- 47.790 .290 18640~ 18329. 310. 17887. IS.

47.800 .300 - 19204. • 18838. - 366. 18253. 15.
I 47.810 .310 19768. 19355. 414. 18666. 15. —

- 
• 47.820 320 20333. 19879. 453. 19120. 16.

S - 
- 47.830 .330 20897. 20413. 484, 19604. 16.

__________________ 47 ,840 .340 21461. 20960. 501. 20105. 17,
- 47.850 .350 22026 . 21514. 512. 20617. 17.

47.860 .360 22590. 22075. 515. 21131. 17.
I 47.870 .370 23154. 22643 . 511. 21643, 18,

47.880 .380 23719. 23217. 501. 22144, 18.
- 47.890 .390 24283. 23798. 485. 22630. 19.

47.900 .400 24847. 24384 . 464 . 23093. 19. -

— 
- 
- - - 47.910 .410 25412. 24975. 436. 23530. - 19,

- 
- 

- 47.920 .420 25976. 25572, 404, - - 23934 . 20.
- 

- -~ :- - 47.930 .430 26541. 26 174. 367. 24300. 20.

L -~~~~~~~~~~~ -- ~~~~~~~—- - - --rn - - - —~~~~~~
-S- - —- - -5—- - 5- - - 5



— — - - -5

8 1

•

~~~ 

TIME (0) INTERPOLATED BREACH HYDROGRAPH - •

(1mB) ~~~~~~~~~~~~ (B) C0MPUTED BREACH HYDK0GRAFI4 ____

- 8000. 10000. 12000. 14000, 16000. 18000. 20000. 22000. 24000. 26000. 28000. 30000.47.50 1. - B . . . . . . . . . .
~ - T47j r2 :1o . . . , . . —

,——~~~~~~~~~~~~~~
5 

,
— .

. 47.52 3. - 8 0  . . . . . . . . ,‘- 
- . ,47.53 4. B 0. . . . . - . . . - . .

47.54 5, 8 0 .  . . ~~~~~~~~~ • ~~~. . .
47.55 6. •B .0 . . . . . • . ‘
47.56 7. 8.0 . . . . . . •

-: 47 57 u. - B 0  , , 
- 

. , 
S 

— S , 
— 

,
47.58 9. .8 0 , . - , . , , 4 , I

- - 47,59 10.,.,,,,,,,,.B,..,0,..,,,,,.,,.,,,,.,,,,,, I~~~~~ I •  •~~ I I  I~~~I I I~~~~ I I ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

• 47 60 11, • B 0. • . • . . S

• 47.61 12. -
. B 0~ - • • 

- • •
47.62 13. • B • 0 . , 

- 
I , .

47 63 14.~ - , B—Se—S—_U— , , S ‘ - , I , S .

-
~ - 47.64 15. • B 0 . . - . • 

- . . - -

47.65 16. - .8 0 . 
• 

. - . . • . . .

47 6617~ B ii , , • —
, - 

.5 
,

— - 47.67 18. - . . B 0. . .  - . • . , , .

47.68 19, . . B .0 . . . . , .

- 47.6r2o;~~7 T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;~ ;, ~~~~~~~~~~~~~~~~~ .~•7 
~S7~~~

7 ~~~~~~ • , . . .. ... -
- 47.70 21. - . - • - - •B 0 . , , 4 , I

_ 47.71 22, - - 1 , • . B 0 I - • - . - I - I - I -

47.72 23. - • . . 80  • . • • S - •
47.73 24. - . • . 80.  - . •~~~ . . , -

47.74 25. • . . 
- B . • . . . .

- 
47.75 26. - . 

- 
. - . B . . . .

47.76 27. . . - ,  
- • 80 . . . . . . 

-

47.77 28. , , , 80.  , , , ,
47.78 29. . . . . 80 • . . . .

5 47~79 ~~~~~~~~~~~ * I*~•I• I~~ , I I I I ~~~• ,,,.,,, ,,, , •, ,,~ , ~~~ ,BOe ~ I • • I I  •,~ • • I I  I~~ , 1 1 1 , 1 1 1 , 1 ~~~ I I f I • e e ~ . I ,  I e I e ~~~~~~,~~ I I I .  • I ~~ I I . , t e

47.80 31. • • . . 8 0  . . - .

- 47;81 32. - . . . S • 
— , B 0. . — 

, - . , 
•- 47.82 33. • , . . -- . 8. 0 - , • .

- 47.83 34. - ,~ ‘ . 
S - 

• • 
- . . B 0 - . , , I - s

47 54 355, - - - 
5 5  

- . 
- 

. C I - ~e . -

47.85 36. - • I 5 . - 
- • • B 0 . - . -‘ •

~I ’. 
-

47.86 37. . . , - 
~• • . . - B 0 . . .

47,BT38, 
S . 8 0  • I - I S

- 47.88 3?. - - • I - I - • B 0. 
- 

, . SI •

47.89 40................................,,.,,.,,,...,,.. .........,.,.......,...,....,..R.0,..,...........................,.
47.90 41. . , . . . . . . 8 0  • .
47.91 42. • , - - 

. • . . . • 8 0  .

47.92 43. . • . , • . . . 8 0
• 47,93• 44, - . . , - , - • , . . .80 I •

:-. 
-

- 47,94 45, - 
. 

- 
, . - . . - 

• • • • B 0 .

47.95 46. , , , 
—~ 5 

I • , 
— 

I
— —-—----

. !~_ ‘ — - ‘ -

~~~ 5 47.96 47. . , , - .  . • . . 80
- 5 ,  -47.97 48. . . , , , , , . , . 80

47.9849. • • . . . . • - . . . 80
S ~~~~~~~ ~~~~~~~~ • . . . . .. ,  . . , .• , , ,•  . ..T~ ..,. • •; .. ,,.. ~~~~~~~~~~~~~ ~~~~~~~~~~~ •. .  •~~ , • • • •. .~ . . . ,~~~. . • . .  .. . .  .. . ... .......

48.00 51. I I I I - , _
, I • . .8

- 

1*OVN$ 
S 

I

- 
— 

- DAN PREACH DATA

L~ - - - _ _S  - - - --- ~~~~~~~~~~S- ~~~~~~~~~~~~~ 5-
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- 5 -- --

DAM BREACH DATA 
S

- - BRIJID 1 ELBM TRAIL USEL FAILEL
54~~~ 1.00 538,00 1.00 548.00 562.80

BEGIN DAN FAILURE AT 47.50 HOURS 
- - -

PEAK OUTFLOW IS 26667. AT TIME 48.50 HOURS - 

S 

-

ITHE DAM PREACH HYPR OGRAPH WAS DEVELOPED USING A TINE INTERVAL OF ~ 021 HOURS DURING 1REACH FORMATION. 
S -

DOWNSTREAM CALCULATIONS WILL USE A TIME INTER VAL OF .250 HOURS ,
THIS TABLE COMPARES THE HYDROORAP H FOR DOWNSTREAM CALCULATIONS WITH THE COMPUTED BREACH HYDROGRAPH.
INTERMEDIATFFLOWS ARE1NTERPOIATED FROM END OF4ERIOD VALUES. —

~~~~ S -

TIME FROM INTERPOLATED COMPUTED
T1ME BEGINtIING BREACH~~~~~ BREAC H ~~!RROR ACCUNULATED ACCUNULATED 

- 5-

- OF BREACH HYDROGRAPH 
- 

HYDR O6RAPH ERROR - ERROR
- 

5

— 
(HOURS ) (HOURS ) (CFS) - (CFS) (CFS~ 

- (CFS) (AC—FT ) 
- 

S

- S • • 5 5 S - I - - -
- - 

- 
:- 47.500 0.000 - 

- 
8624. 1 8624, - 0. - - - - - - 0. 5 1 - :- -

- .  - - 47.521 .021 8859. 8800. • 60, 60. 0.
2 - 47•542 - .042 9094, 8948. 146. 205. 0.

- 5 47.563 .063 9329. 9122. 207. 413, 1. - - -

- 47.593 .083 9564. 9317. • 247. 660. 1.
47.604 ~~ 104 97?9.~~~~

5-
~~~~~ 9531, 268r 928,

S - 47.625 - .125 10034. - 9763, 272, 1199. - - - 2. -~~ : ;- •
-
~~ 

- ‘ - 
• 

47.646 .146 10269. - 10010. 260. 145?. - 
- 3. S ~~

-

- 47.667 .167 10504, 10271. 233. 1692, 3. - • - -

47.688 .188 10739. • . 10546. - - 193. 1885. 3.
47.708 .208 10974. 10834. 140. 2025. 3.

- 
- - 47.72? •22~’ - 11209. 11134 . - 76. 2100. - - 4. —

- 
5 

-: 47.750 .250 - 11444. 11444. - 0. 2100. 4. - . -

47.771 .271 11817. 11765. 
- 

52, 2152. 4,
- 47.792 .292 12190. 12095. 95. 2247. — 4. -

47.813 .313 12563. 12435. 128. 2375, 4.
- 47.833 ,333 12936. - 12782, 154. 2529. - 4• I -

-
~ - - - 47•85~ .354 13309, 13138. - 171. 2700. 

- 
- - 5•~~ - ~ . .1 

-

- - 
•
~ - : - - - 47.875 .375 - 

- 13682. ~ - 
- 

- 13500. 181. 2881. 5.
- - 

- 
- 

- 
47.896 .396 14055. - - 13871. 183. . 3064. 5,

5 47.917 .417 :14427. 14268. 160, 5224. 6. 
• 

-
.

- 47,938 .438 14800. 14671. 129. 3354. - 6. -

- 
47,958 .458 15173. 15081, 92, 3446. 6.

- ,t:~
1
. 47.979 .479 - I554&~ 5 - 49. 5 3494. - 6. - 

- 
- - -

- 
- 48.000 .500 15919. - - 15919. - 0. 3494. 6. 

- 
- -•~

-
• 

-

~
- 

- 48.021 .521 16372. 16346. 26, - 3520. 6. - 
-

48.042 .542 16825. 16787. 38. 3550. 6. -

48,063 .563 
- 

17278. 17233. 45. 3603. 6.
48.083 .583 17731. - 17682, 49, 3651. 6. 

- 48.104 .604 18184~ - 18135. 49. 3100. - 6.
48,125 .625 - 18637. - 18591, 46. - ~~ :3747, - 6. - -

- 48.146 1646 19090. 19049. 41. - 3788. 7’
48.187 •667 T]9543~~ - 19509, — 35. 5-3822. - 7.

48.188 .888 19996. - 19970. 26. - 3849. 7,
48.208 .708 20449. 20431. 18. 3867. 7.
48 .229 .729 20902. 20893. 9. 3875. - 7’

- 49.250 .750 21355. - 21355. 0. 3875. - 7.
48.211 .771 21798. 21816. —18, 3857. 7.
48.292 

- •792 - 22241. 22275. —35. 3822. 7.
48.313 .812 - 22683. 22733. 49. 3773, 

- 
6.

_________________________ 48.333 .833 23126. - 23187, —62. 3711. 
• 

- 6. -

- 
- . • 48.354 .854 - 23569. 23639. —71. 3641. 6.

- 48,375 .875 — 24011. - 24087. —76. - -3565. - - 6. -
- 

- :
- • - la in, .Ini ••.. • —— ‘ 5~~

L ~~~~~~~~~~~~~~ - - -S  5- ~~~~~~~~~S ~ 5 55  - ~~~~~~~aI~~~~~~
_

_ _ _ _ _ _ _  —I-



- 
I5 - 5 _ _ss s — —- -5S- •-—5-— -- -S-S--•---—--_—

— —~~ STATI~N 2 B
_ _ _ _  

- 

- 
S 

S 

~1)~C
TIME (0I1HTERPOLATED BREACH HYDROGRAPH - 

~ • -

S (HRS) (B) COMPUTED BREACH HYr~1JGRAPH ;
5 

- 
-

8000. 10000. • 12000. 14000. 16000. 18000. 20000. 22000. 24000. 26000. 28000. 0. - 
-

17 5ff 1 B- . - . • . . . . • • S

47.52 2. B - 
- . . . . . • . S , • . - - ‘- . o ,

41.54 3• B . - • . • • . . • . ‘.

47,56 4, 80, . . . • . . ‘ 
—

5
5- 47.58 5. 

• 
80 . . . - . - . - . . • . . ~~~~~- I ’. ~

47.60 6. 80. . , , , • . . . I S

47.6s 7. - - - 80 . . - . . . — 

- 
5

47.65 8, -

- 
- 80 . . - 

S - . . - . . . - 
- 
. S

- 47.67 9, .80 . • • . . . . . - -

- - 47.71 11. - 
- , 80 .~ . 

- 
. - • . - ‘ - 

5 5
5 I

- - •‘ 
• ‘ .47.73 12. - 

• B . • - - I I - I I • - I - 
- 

~s~
• 

. 5  
-

- 4775 I3, - , B • • : -  • - -  - 
- 

- -

47,77 14. - 8. - 
- 

‘ ‘ 
- 

‘ ‘ ‘41.79 15. - 
I 80 • ., • • • . . •

-.. -~~ 47.81 16. - - 
-~~ . • 80 . - . - 

• . S • , • . - -

- 47.83 17. 
•

- —
S~ • - - . 80 - . • 

-
- . . S • • . . ~~~~

-
• 47.85 18. . . DO . - - - . - 

- . . • . . . . ~•
- 47.87 19. . . B .  • . • . . . .

• 41.90 I I • • I I e ’ • I I I  • 1 I ~~ ,

47.92 21. - 
• - 

- .80 I I C - - I • I

- •- 47,94 22~ - -  - - - - 
. 80 ~~~~~~~ . - ‘ - -  -

- - . , , 
S S 

-

47.96 23, . . DO . . . . •
47.9824. . . • - . .  B a .  . . . . . S

48.00 25. • • • . B . . 
- • . . . -

48.0226. - , - , - 
. .8 . I • C C

48 .04 27. . . • . B . . . . . .

. 48.06 28. , 
- 
. . 

- 
- . B • - . . - .~ . S • •

48.0829. • . . 80, . . .

— 
48.10
48.12 31. . . . . - , . B . . I - I •
48.15 32. I • - ,- • B • -

- - . . . . - 

- .
48.17 33. I • I S - I B . . , , .

- • - S •~~~~~~~
S ~~~~~ 

• B  • 5 . - I  - •. I • I

40.21 35. . , . • . .8 . . . . t
48.23 36. - • . -

- -  . - . 80 -

t 
- 48.25 37. . • S • • - - •  • • r .  . . .

- . 40.27 38. - 
- . • • - . . . . - 

B. , . 1

48.29 39. . . • 
- . . • .8 , . .

- 
- 

48.31 40.......... • ~~~~ I ~~~~~~~~ • I  I C I I , e C ,  .I ~~IIeII ~~~~~~~~~~~~~~~ C I C I  ~~~~ , I ,• , I• I I  •,.,..OB...,,......... I~~~I I • I I C I C C I  C I  ~ I I  I.I.II.I

48.33 41. , . . . . . B . .
- 48.35 42. • - . • - ,

• 

- 
• - - - , s •• • ~ B , , , S

- 40,37 43. . . , . • , . B . . . -

48.40 44. , _ • -•,  , - , , .08 .- 
-

S

48.42 45. . . - .. . . . . 08
48.44 46. . . - . - . - - . S • - 

- 
. B •

• 48.46 47, . . . , - 
• I I 

- 
• B. ‘ S

48.48 48. 
5
S C C I • - 

- . . . .8
- 40.50 49. • • • . - . . . • . B  .

1*OVN*

- - - DAFFREACH U~T4 
_______________

S - BR W T D 2 ELPM TRAIL WSEL FAILE L

_ _ _  -~~~~~~~~~
-S-- S -

~~~ - -



- - 
- - - - - -S - - - .  

-  

- - S  -- -________ 
_ _ _ _ _ _ _ _ _ _-___ -- DAM BREACH DATU B- BRWID 2 ELBM TRAIL USEL FAILEL 

/ 
, 

S

S 50. 1.00 538,00 2.00 548.00 562.80
S - - 

- - 
- 

- 
S 

- 
- 

- - - 
- -

- BEGIN DAN FAILURE AT 47,50 HOURS - -
, 

- 
-
. 5 

5 
- 

- S  
-

~ 5

PtAF0tJTFL0~1S 20604~ AT1IM~~49,50~ OuRs 
- 

- 
— S 

-

~ 

-

lINE DAM BREACH HY DROGRAPH WAS DEVELOPED USING A TIME INTERVAL OF .042 HOURS DUR ING BREACH FORMATION . - S

: PDVNSTREA1FCALCULATIONS WILI USE A TINF INTERVAL OF .250 HOURS. - 

S

• THIS TABLE COMPARES THE HYDROGRAPH FOR DOWNSTREAM CALCULATIONS WITH THE COMPUTED BREACH HYDROORAPH. - - S 
- 

-

INTERMEDIATE FLOWS ARE INTERPO LATED FROM END-OF—PERIOD VALUES, S 
-

TIME FROM INTERPOLATED COMPUTED 
- - —- : - 

TIME BEGINNING BREACH — BREACH = ERROR ACCUMULATED ACCUMULATED 
5 . 5

-

- 
- 

- - - 0F - BREACH — HTDROGRAPH~~~~HYDRG6RAPH ~~~~~~~~ERROR ERROR - 

-________

( HOURS) (HOURS ) (CR9) (CR5) (CFS) (CFS) (AC—FT )

47.500 0,00o - 8624. 
-S 

8624 . 
- 

o~~~~~~~ o; - 0, -

47.542 .042 8820, 8813. 6. - 6. 0.

47.583 .083 9015. 8973. 42. 43. 0.
- - 

I - 
47.625 - .125 9210. 9155. 55. 103. 0. - -

— - 
- 

• 
- 

- 47.667 .167 - - 9406. 9355. 51. 
- 

- • 154. 1. 
- 

-

- 
S - 

- 47.708 .208 
- .9601. 9569. - 32. 186. - 1.

- 47.750 .250 9797. - 9797. 0. - 186. - - :47.792 .292 10054. - 10035. - 19. - 
- 

205. 1.
47.833 .333 10311. 10282. 28. 233. 1.

- S 
- - 

- 47.875 .375 - - 10568. - ~~~~10539. 
- 

30. • 264. 
-

47,917 - .417 10825. 10799. - 25. • 289 . ~ 5 5 

~, 
-

47.958 .458 11082. 
- 

11067, 15. • 304. - - 1. 
-

— 
-
- 

- 48.000 .500 - 11339.—— ; 11339~~~~ 0. 304;—
- 

- 48.042 
- 

.542 11632. - 11614. 18. - -~ 322 . . 1.

48.083 .583 11926. 11892. 34. 356. 1.
S - 48.125 .625 — 12220.~~~~~~~~12171. ~~48. -405 , 1. •

- •  
- 

- 
- 48.167 - .667 12514. •~ 12476. 37. 442. - -  2. - -

S 
. 

- - 
s 48,208 - .708 

- -
- 12807, - 

- 12788, 19. 462. 2. -
- 

-
- 48,250 

- 
.750 .1 - 13101. 13101, 

- 0. 462. - 2. -

48.292 .792 
- 
13423. 13415. 8. - - 470. - 2. - - -

5 48.333 .833 13745. 13734, 
• 

11. 481, 2.
48.375 .875 14O67. I4O61.~~ 6. 487. 7.
48,417 .917 14389. 14387. 2. 489. 2.

- 

S - 49.458 .958 - s~~ 14711. - 14711.  
- 

0. 489. - 
- 2.

- 48.500 T1.000 15033. 15033, 0. 489. 2. 
-

- 5 48.542 1.042 15340. 
- 15352. 

- 
—12, 478. 2. 

-

48.583 1.083 - 15647. -
S 15667, —19 . 458. 2.

- - 48.625 1.125 
- 
15955. • 15977, —23. - 

- 436. 1.
• 48.667 1.167 - 16262. 16283, - - - —21 . 414. - 1. -

— 
- - 48.708 1.208 - 16569. 16583. — 14. 401 , 1. -

- ~~- 
- 48.750 1.250 16877. - 16877. 

- 
-0. 401, 

- 
1.

- - 48.792 1.292 17142, • 17163. -
- —21 , - - 

- 
380, 1,

49.833 1,333 17407. - 17442. —35. 345. 1.
5

5 5~~ S - - .  48.87~ 1.375 - 17673. 17713. -40. 305. - 1.
- • -  48,917 1.417 17938. 17974. —36. 268, 1. 

-J - - - 48,959 1,458 18204. 18227. -23. 
- 

245, 
— 

- 1. 
—

~~~~

49.000 1.500 18469. 18469. - - 0. 245. 1.
49.042 1.542 18673. 18701, —28. 217. 1.
49.083 1,583 18877. 18923, •. —45. 172, 1.

I 49. 125 1.625 19082. 
• 

19133, -• • 51• 121. : 
- 

~~‘
- -- 49,167 1.667 - 19286. - - 19332 , - —46. - 75. 

- 
- - 0. - - ‘ -

- 
- • 

‘ 
• 49.208 - 1.708 19490. 19519, —2?. • 46. 0.

- -  
49.250 1.750 19695. 19695. 0. 46. 0. • -

- . - - 
slO ‘101 4 701 I(~O I I  ,,

- 5~~~_ I • 5-~~ •~~~~ S5-_~~~S~~~~~S ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -S— -- - - - - - - - - -  - _ -- — -—-- - 5 ~-5-•---— --- -5- —



—-5— _S_I-.w, -•_-S_ 5— -—-—---‘-— —— — — -
~~~~~ 

---5- -~~ — —-5— --5—~~~ r~~~- --*5~

~~~ W C I $

- _________________________ STATION 2 5 8
- 

S 
-

TIME 
- 

(0) INTERPOLATED BREACU HYDROGRAPH - - S

(HRS) (B) COMPUTED BREACH HYD~OGRAPH _________________________________

- 
8000. - 10000. 12000. 14000. 16000. 18000. 20000. 22000. 0. 0. 0, 0.

I 47,50 1. B
4754 2. B - 

- I 
- 

I 4 
- 
I I - C - , 

- 
- . 5 

— 
,- -j., ;.

S 5 47158 3. - B . • - , I I - - I - 1 - - 5 S

S~~ I 47.63 4, - B  . . . . . . . . . _ •
~~~~~~~ 5 

~~~.‘

47.67 5. B • ~~~~. • ~~~ , , . , . . . -
47.71 6. 8. . . . . . . , . . — -

47.75 7. 8. . . , . . . . , - -

- - 47.7Y 8, - 8 . - . . . . — 

S 
, — 

- 
- . 

- 
. _~~ . - —A~~~07 0 011 - - 5

~ flU.~ 7~ C C I C I - I • C

47.88 10...,..... .., .B. • I C I I  • • , I ~~ C • ~~ l I e  . .. . . . . , .. .  ~ I I C I I, , ~~~ ~~~~~~~~~~~~ I I I I C C C ~~ I •  I I I C • • • C C •  I I C I I C I I ~~ C C • I C ~~ I •  I I ~~~I I I I I I I I I  I

47.92 11. ‘ B . . , . . . , . . C -
- 47.96 12. • B . - ., • I I C C • - - - •

5 
- 

-

• 48.00 13. - . 8 . . . . . . . . S

48.04 14. 
- 

. B —
. 

- - - 
S , 

S •
_ 

-

48.08 15. • DO . . . .  . . S 
-
-

48.13 16. • .8 . . • • . - . . .
48~17i 7 - . .B0  . . . - . . . • 

- , 
-

• 48.21 18. . . B . . , . . . . • C .

48.25 19. . . B . . . . . - ,  . .
482? 2G~ .~~ . . . . , .I. . ~~;_

I. 5~~~~5~~~~~
;
~~
; .~~. . . . . ~~~~~~~~ • .7. . . . . . . . . , •. •. • , , ,, , , I I I C  I ê  , S

48.33 21. . . B. . . . . . , . .
48.38 22. - . - B - . - . I 

, - I C 
- - — 

4 
-

48.42 23. . . .8 , 
- . .  - - . . . • -

48.46 24. . . . B . . . . . • . , .

48.50 25. . . . B . . . . . . . - .
48. 54 26. . . - B I s C - ,

48.5827. • - . . - B .  . , . .  - .  •
48.63 28. . . . - B . . . ,  I • -

48.6729. . . . .8 . . . . .
48.71 30,.,..,..,,,,.,,,.,,.,,,,,,,,,,,,,,,,.,,,,,,B,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..,,,,,, I , ~~~ê C 4 I 4 C I I , I I , , I . ,  ~~~~~~~~~~~~~~~~~~~ -

48.75 31. . . . 8 . . - . . - . -

48I79 32I - -; . . . 8 . - . . 
- 
, 

- 
, i . I :

‘48.83 33, , . - . 
-
. . B . - . . 

S 5~~~ 
— • C 

- 
- - -  •

s

- 

- 48.88 34. . . . - 
. 

- 
~~- - 08. - . • . - . - - . -

• -

48.96 36. . 
- 

. - . •B I 
-

49,00 37. . . . - . .8 . . .
- - 

49.04 38. 
- 

. . - - . . O B .~ 
~~ — 

— - . . .
_ - 49.0839. , , . , . 08 , . ‘ •

49.13 40....... C C C I ~~ I I l  I ~~I I • I I • • I I •  I C I ~~~C I I ~~~~~ ~~~~ I~~~~C~~ C I  I • C I C  .08. C C ~~ I~~ I~~~C C I I I • I I C  I C C I I I ~~ C C  C I I C I I C I C C  ~~~ C 4 I I ~~ I • 1 I I C C ~~ C , ~~ C I

49.1T4 1. . . • OP . . . . , I
- 49.21 42. - . . . - . . OR . . - . S 

• - -

49.25 43. - . . - , . . B . . , , , S , -

- - 49,2944. -
~~ . 

- 
- , - • . . . . - - 

49.33 45. . . - . 
S 

. B . • . S 
- 

S • 5~I
49.38 46. . - . . . . •B I I - 1  C

49,42 47. . . , . . .B . • . . •

- 
49,46 48. . . • , . 1  .8 I C49.50 49. . . . . . . 8  . . . .

—___________
- - 

DAM BREACH DATA 
S

r — —  ri ,~,. ~ -yrA,, —i,ar, -r,., ‘‘ — - 

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



r
DAM BREAC H DATA

BRWID 1 - ELBM TFAIL WSEI. FAILEL.
- - 

-~ - : -  50. 1.00 538.00 4.00 548,00 562.80 - -

1EGIflN$ FAILLME Af47.50 HOURS 
S 

- 

— - - ______- - 

S

PEAK OUTFLOW IS 13564. AT TIME 50.17 HOURS 
- 

-

ITHE DAM BREACH HYDROGRAPH WAS DEVELOPED USING A TIME INTERVA L. OF .083 HOURS DURING BREACH FORMATION. 
- 

-

DOWNSTREAM CALCULATIONS WILL USE A TIME INTERVAL OF .250 HOURS. — - - 
- 

- 
-• 

~~~~-

THIS TADLE CONPARES THE HYDROGRAPH TOR DOWNSTREAM CALCULATIONS WITH 
- THE5 

COMPUTED BREACH HYOROGRAPU. 
5

; 
- ,

5 

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

- S TTNE FROH IHTERPOLATED CQMPUTED~~~~~~~~~~~~~~ -.

- - 
- * TIME BEGINNING BREACH — BREACH ERROR ACCUMULATED ACCUMULATED - - -

S OF BREACH HYDRO GRAPH HYDRO GRAPH ERROR ERROR -

- 
(HOIJRS) (HOURS) ICES) iCES) ~~~~iCFS) (CFSY (AC-FT T

S 

-

~ - 47.500 0.000 - 8624. 
- 

8624. 0. 0. 0. - 
-

5 5 
S S 47.583 - .083 8819. 8840. —20 . —20. —O~ -

- 
:y  - 

- 
- - 47.667 - - .167 

- 
9015, 9018. - —3. —23. —0.

• - - - - - 47.750 .250 - 9210. 9210. 0. -23. --0. - ‘

- :  
- - 

47.833 ,333- Y4 14, 9411. 4. 20. ~0.
47.917 .417 

- 9618. 9616. 3. — 1 7, —0.
- 48 .000 .500 - 9823. 9823. - 0. —17 . —0.

S - 5 - 
48.083 

- 
.583~~ 10026, 10029 . —3. —2 0. - - 

- 
-0. 

-48.167 .667 10230. 10233. —3. —2 3. —0
- ~ ‘•~~~ 

- 
- 

- - 
- 48.250 .

- .750 - - - 10434. 10434. - 0. - - —23. —0. -

-

48.333 
- 

.833 10625. 10629. —4. — 27. -0. - —

-- - S - 
- 48.417 - .917 10817. 10817. —1. —2 7. —0.

- 48.500 1.000 11008. 11008, 0. —27 , —0.
-~~ -

- 
S - - ~~~~~~~~~~~~~~~~~~~~~~~~ ~~11223.

— 
- - - ~7. —34 ; ~0. - - - s~~~ S

- - 48.667 1.167 -
- 11425. 11431, - —7. - 

- 
—41. —0. 

•
-

I 48.750 1.250 11633. 11633. 0. —41 , —0. - -

- - - 
48.833 1.333 11834. 11843.- —9. -50.~~~~~~~~ O.

-
- 5 48,917 1,417 

- 12035. 12044, - —9. —59. - —0 . -

49,000 1.500 & -12236. - 12236. 0. —5?. -—0 , - - - -

-
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —12. -~ 71; - —0. 

- - .
- S

49.167 1.667 12576. 12588. —12 . —82. —1.
S 

- - 
- 49.250 1.750 12746. 12746. 0. —82. 

- 
— 1.

- 
- 

- 
• 49.333 - 1.833 12878. 12891. —13. — 96. — 1.

5 - - 49.4 17 1.917 13010. 13024. —13. -— 109 . 
- 

- — I .

- - - - 49.500 2.000 13143. 13143. 0. — 109. - — 1,
49.553 Z.083 - 13233. 13247. - 15. 124, ~~~‘ -

-
- - 

- 
- 49.667 - 2.167 : -  - 13323. 13337. - —15. —139. - —1.

- 49.750 2.250 - 13413. 
- 

13413. 0. —139 , — 1.
- - 49.833 2.333 13458. 13473. —15. -153. -1. - 

-
5 49.9 17 2.4 17 13503. 13518. —15 . —168. —I.  -~ ‘-

50.000 2.500 13548. 13548, 0. — 168 . — 1. -
•

- - S 
- 

50.083 ~ 2.583 13548. 13563. —15. —183. -
-

- - - - 50.167 2.667 13548. 13564. - —15. - — 199, —1. 
- 

-

50.250 2.750 13549. 13549. - 0. —199 , .-1, -

- 
50,333 2.833 

- 
13528. - 13518, 10. —189. -1.

- 50.417 2.917 13507. 13502, 5. —184. —1.
50.500 3.000 13486. 13486, 0. — 184, — 1.

- 
- 50.583 3.083 13435, 13453. —18. —202. :S  ~T.

- 50.667 3.167 13384, 13402, — 18. —220. —2.
____________________________ 50.750 3.250 13333. 13333. 0. —220. —2. -

- 
5 

- 50.833 3.33~ 13229, 13246, —17 . —23 7. —2. -

- : • 
- 50~917 3.417 13125. 13143. —17. —254. —2. 

51.000 3.500 13022, 13022. 0. —254. —2.
- - ~~~~~~~~~ C zI A0 7 ’ I  ~ 01 I S11IA 1’%flfI I ~~~~~~~~~~~~~~~~ ~~ I S’ ‘1

-- -~~ s * ss~~~~~~~~~
5- ~~~- s  -- - ~~~~~~~~~~~~~~~ _ 5~~~~~~~~ S —



_____________ __________ - - -
-

br~~r J L - ~ 2 a
- 

S

_ - - - - S  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----- ---~~~~~~~~~•- ~~~~~~~~ -

- TIME (0) INTERPOLATED BREACH HYDRO GRAPH
(HRS) (B) COMPUTED BREACH HYrSOGRAPH

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 12000. 12500. 13000. 13500. 14000~~- 
-

- 
47.50 1.8 . . . . .  . . . . . •47.58 2, 08 .  . . . .  . . . • . 

-•

47.67 3. - 8 , I • I I I C . I I

47~75 4. • B I I C I I I

47.83 5. • 8. . . . - . . . .

47.92 6. • .~~ I I - I C I I S I C
S

5 - 48.00 7. - - . • B C 
- 

I 1 C - C 4 I C _

:48.08 8. . . .8 . . . • . . .
- 48.tT 9. . . C B  . . - . . • -~~~— . - - — —

48.25 10.. I I • C I C C ~~ C C ~ •~~ 4 I • C I C I C C ~~~~~~~~~~ I I I , I ~~ ~~~ ~~I I 4 C C I , , ~ ~~I I  l C ~~ ê~~ I I • I I I C ~~ I I~~~~I I I I I  C I ~~~I~~~I I I ~~ C I 4 C ~~ I I~~ C C 4 I 4 I ~~~I I  I I I C I C • C ~~ I~~

48.33 11. . . . . B . . .
-; 

- - - 48. 47’12. - - - 
- I C - - B • - . ~~ . — . . - .

- i 0~~~A t 7  - - - 
- - 

-
- - - -

UI IV 4.C I - C I s I U • • C -

48.58 14. . . - - . - . - . B - . . . . .  .
48.67 15. . , - OP . • I C

49.75 16. , . - ~~, . . B . . 
- 

,

40.83 17. . . S 

• • , . . 
- 

B . . I C

48,92 18. - . S 
- , S , , . ,B • I I -

49.00 19. . . . . . . B . .
49.00 2 O I . C , I , . . , , . . I I I . . . . . . .C . , I , . I . I . . . . . . . , C , , , , , , . , . . , , . , . . C C . . . . C ,C . , , , , , . ,, , , , , B , , ,  , . . . ,•.. .•..•,.. . .•.. ... . . .•,•..•
49 17 21, . . . - . . . - .~~ . .
49.25 22. . - 

- S I - C - — - - 
- I I 

- 
I B . . -

F 49.33 23. I - 4 I I 
- 

I - 
- B . .

49.42 24. , - , - -
- 

;—••_ - 
S ~~~~~~~~~~ , . 

- - B .
49.5025. - - . . . . 

- 
. . - . . • B C C

49.58 26. . S , , . - . . - . - B . -

49.6727. C C , - . UP
49 .75 28. I I C C B .
49.83 29. I C • , . . . . . B.

~~~~ 
49.92 30. I I I I C I • I I I  I I  ~~I I C  C I I~~~ C C C I l l  C C l I I I I~~~ê I I I  1 + 1  C I C I I • ~~~I I l l  • I 4 I C I I ~~~C I I • • •  I I ~~ C 4 I I • I ~~ 4 I • 4 C 4 ~~~~C I •  C C  I I ~~~~~~~~~~~~~~~~~~~~~~ I~~ I

- - 50.00 31. , - , , , — : , , - , , , .8
- 50.08 32, - . . . . . . . . .8

50.17 33. - . 
- - 

. - , . . . S .
50.25 34. - . . S , - , - . . . . - . - .8 . -

50.33 35. . . . . 5 
. . . . . 80

-. 50.42 36. - ; . . . . . - - . B - - .

- 
- - 50.50 37. . - 

, . - 
S 

, . . : ,  , 
- - . - B

-: 50.58 38. - 
• - 

. 
- 
. - , I C • B.

50,67 39; . 
-

~~~~

— . . - 
; - —

~~~~ • 8.
50.75 40.., ~~~~~~~ ~~~~~~ ~~~~~ • •~ C $ I • I I  ‘I . C . C . , , . ,  I l  , , I I  I~~~~~~•~~ I C I I I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I * • I C C ~~ I I C C C ~~~ 4B., ....... . . ,,.,.
50.83 41. - C C I C C B

- - - 50.92 42. - , , . - . - - • —— , . . 8  . 
- 

. -

I S  •~~~~
- 51.00 43. - - . . - . . I I C S B . - . -

- . ‘ Ca An AI  I -  - ~~~ S - 
- - -

.I I I V Q  ¶11 C I I - 
- 

I 
- 

I - 
—  I UD • I ~ I .

51.17 45. . • - . . , - ,  . ~B . , • .  I

51.2 5 46. ~~ _ 
. . . . . . , .8 - . .

51.33 47. . . . . . . . 8. . *

~~~
, 51;42 48. • . ;~~~~~~~~~~B . - . • -

* 
- 51.50 49. . . . - . . . ‘ B . 

- 

- - - . • - -

1*OVN* 
S

5 

- 
~~

S
S 

- 

S - 

- 

S

f 
I ‘S

______________  ______ - 5 -  

v

i 
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- -

- -- -- - -_
********tt 

--__

~~~~~~~~~ *~~******** 
- ******t*u - - - — -

**t*t*tt** 
- - S _

~~~~~

_

~~

_

HYD RGG RAPH ROUTING -

S -

- 
REACH 2—3 ~ .-j :~-

ISTAO ICOME IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
~~T T~~~~~ 0~~~ D~~~~~~~~~~~~0 1 0 ~~~~~T

- S 

- 

S 

ALL PLANS HAVE SAME 
- - 

- 
-

‘
~ 

-
~~- - - S - -~ ROUTING DAT - -

~~~~~~~~~

— 

S- S - - -
- - 

- - - 

OLOSS d OSS - AUG IRES ISAME . IOPT IPMP ISIR -
S S - 0,0 0.000 0,00 1 1 0 0 

- 
0 

5 ~S 
-

S 
- 

NSTPS NSTDL LAG AMSKK - X 19K STORA ISPRAT - 
5

• 1 0 0 0.000 0.000 0.000 0, 0 -

- 
- 

- - 
- - - - 

- 
- 5 - 

M

S NORMAL DEPTWCHANNEE ROUTINW - 
-

- 

- 

- - - -

‘5

UN It )  UN (2) QH(3) E1HVT ELMAX - RLNTh 
- 

SEL - - 

- - 

.
- 

-

.1000 .0400 .1000 - 525.0 560.0 200, .01000 - - 
- : -- ‘S

- uiOSS SECTIflM 5 COORDINATE S~-STA,ELIV,STA~ELEV—--ETC - - — - 
S . 

- 
-

0.00 560.00 90.00 540.00 200.00 530,00 205.00 525.00 220.00 525.00 :~~- :  
-

225,00 530.00 250.00 540.00 1100.00 560.00 ‘S -

STORAGE 0. 0. 0. 1~ - 1. - 1, 2C 3. 5, - 6.

8. 12. 15. 20. 25. 31. 38. 45. 54. 63.

OUTFLOW 0, 154. - 498, 1042. 1902. 3099. 469?. 6759. 9333. 12402.
16620. 22061. 28926, 

- 
37413. 47708, 59985, 74411. 91147. 110348, 132163.

STAGE 525.0 526.8 528.7 530.5 532.4 - 534.2 536.1 537.9 539,7 54 1.~
543.4 545.3 547.1 548.9 550.8 552.6 554.5 556,3 558.2 560.0

FLOW O• 154. 498. - - 
1042. 1902. 3099. 4699. 6759. 9333, - 12402.

16620. 22061 . 28926 . 37413. 47708. 59985. 74411. 91147. 110348. 132163.

MAXIMUM STAGE IS 547,6

NAXIMU STAGE1S I47.4 — 
-

MAXIMUM STAGE IS 546.5 -

MAXIMUM STAGE IS 544.8 - -

W I MM STAO~ 1S 542.I 
-

-

- - NIDROGRAPH ROUTING

REACH 3-4 - 
- 

-

- - ISTAO ICONP 1EC0N ITAPE JPLT JPRI INAKE ISTAGE IAUTO 
-
- 

-

I I fl A A A I

- -  -- ~~~~
- 

~~~
-— ~~~~~~~~ _-_ —— - - --5-— -



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

-

S 
- 

- 

- NTD ROGRAPH ROUTING - - -

- 

* 

REACH 3—4 
- 

- - S 
-

ISTAO ICOMP IECON ITAPE JPL T JPRT INAIfE ISTAGE 1AU10 
- 

-

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

— 

- 

- 

- - 
- ALL PLANS HAVE SAME - - -

~~~~~- - 
- 

- ROUTING DATA - 
-

- 

- OLOSS CLOSS AVG IRES ISAME IOPT IPNP 
_________ 

LSTR ~ - -
- 

S 
- - 

- 

~.r o.ooo o,oo i i  ~o o~ ~~~o -

- 
- 

- 

- 
- NSIPS NSTDL LAO AN SKK X 15K STORA ISPRAT

1 u o o . o o o o.ooo o.ooo o 0

I - - - - 
- - - -- -

- - - S - - -
— I __

__ ———-5—— —— —— ——— ~~~~~ 
— ___ a___ —

S 
- 

NORMAL DEPTH CHANNEL ROUTING - 

- - S — 

- 
- -

____________ 

QN (1) ON (2 ) ON (3) ELNUT ELMAX RLi4TH SEL - S 

-

- 
- :~~~1oo •04W . 1000 52 60.0 i 200 T. 00170 

- -  -

- 

CROSS SECTION COORDIHATES—-STA,EIEV,STA,ELEV——ETC 
- - S - - 

-

0.00 560.00 50.00 540.00 100.00 528.00 110,00 523.00 120.00 523.00 -

130.00 528.00 470.0U540.00 630.00 560.00 - S -

STORAGE O~ 1. 2. 4. 9. 17. 28. 43. 62. 83.
- 

- 
107. 131; 

- 
- 157. 183. • 211, 240. 270, 301; 333.— - 366.

- OUTFLOW - 0. 53. 197, 478, 994. 1819. 3034. 4708. 6908, - 9785.
13508. 17806. 22669. 28093. 34079. 40629. 47744. 55432. 63697. 72545.

STAGE 523.0 524.9 526.9 528.8 530.8 532.7 534.7 536.6 538.6 540.~
- 

-
- 

- 
- - - 542,5 544.4 -

- 546.4 s48.3 - 550,3 552.2 ~ 4.2 556,1 - 558.1 - . ,560,

FLOW 0. 53, 197, 478. 994, 1819. 3034. 4708, 6908. - - 9785.
13508. 17806, 22669 . 28093. 34079. - 40629, 47744. 55437. 63697. ~ 72545 .

MAXIMUM STAGE IS 549.7 - 
- 

-

MAXIMUM STAGE IS 548.4

nAXINUM sTAorIr -5547.3 —__________________________________

- 

MAXIMUM STAGE IS 545.4 
5 

- 5

- 
- MAXIMUM STAGE IS 542.5 - 

- 
- .: 

S

I 

- *$t$***ttt *tt**tttt* 
-

S

- 
-
~~ 

S 
- - 

- 

HY DROGRAPH ROUTING - - 
- 

- - . •:

~~~REACH 4~5 - --  5 — 
—

~CTAn ?l’flI1O ?ef ’rn, ?TA ’Sr ~rIt Y unr&, ,,,.I j ,- ?,‘.- .~~~~

- - --5——— ~~~~~ -- -- - S  -- - -—SS
~~~~ 

~~~~5 S~~~~~ ~~~~~~~~~~~~~



_____ 
-

— --- - -— -- - - - - - - - — — - - - - -— — - — - - __ _ _  _ _ _ _

- - - HYDRO C,RAPH ROUTING .
-‘. S

— 

- 
__________—- 

REA CH45 ~~~~~~~~~~ ~~~~~~~~- - — —  _ _ _ _ _ _ _ _ _ _

ISTAU ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
5 1 0 0 0 0 1 0 0

- 
- - - ALL PLANS HAVE SANE - - : 

- 

- -  

—

- 
- - 

- ROUTING DATA 
- 

- 
-

- -‘S- 

- - DLOSS CLOSS AVG IRES ISANU IOPT 1PMP - [SIR 
-

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

-
, - - - - - 

- - NSTPS TISTDL LAG AM5KK r TSIc ST0RA 1SPRAT - - - —.. 
S

1 0 0 0.000 0.000 0,000 0. o

NORMAL DEPTH CHANNEL ROUTING - - :~ - 
-

0H ( 1) Q N (2) UN (3) ELHyr aMA LHT~
— sEL - - - 

- 

- 
* 

-.1000 .0400 11000 521.0 560.0 - 1000, .00200 - 
- S 

- - 
-

- 
- 

- —

. , 5 5: . 
5 — -  - - :  - -- - -~~‘ ~ - -~~ C - St

- - - CROSS SECTION COORDINA TE S——STA, ELEt S,STA ,ELEV——E TC 
- 

,~~

0.00~ ~~60.00 00 00 540 O~~ 4507~~ 525.ø0 520.0U 521 .00 5N.00’521 0r - 
S 

-

530.00 525.00 700.00 540.00 830.00 560.00 
- —

- 
STORAGE 0. - 1. 4, - - - 10. u7~~~~~~~28, - 42, 58, 76. 98.

122. 147. 175. 203. 234. - 266. - 299C 334. 371. - 409.

- OU TFLOW 0. 101. 525. 1563. - 3157. 5368. 8251. 12863. 16261 . 21497.
- S - 27832. 35113. 43270. 52319. 62274. 73152. 84972. 97754. 111515. 426276.

STAGE 521,0 
- 523.1 525.1 

- 
527.2 - 529.2 531.3 ~~~ 533,3 535.4 s.~7.4 5~9,c

-: - - 

- - 541.5 543.6 545.6 .:- 547.7 549.7 - 551.8 - 553.8 555.9 557.9 -S - 560.(-

p1.0W 0. 101. 525, - 1563, 31571 - 5368. 8251. 11863. 16261. 21497.
- - 27832. 35113. 43270. 52319, 62274. 73152, 84972. 97754 . 111515, 126276.

- 

- MAXIMUM S1A0E 1S 142,6 
- 

- 
- 

- - 

-

- MAXIMUM STAGE IS 542.0 
- 

- 

- 

- 

- 

- 
- - 

S 
-

:- 
- 

MAXIMUM STAGE IS 540.6 -

MAXIMUM 5TA5E 19 539,r — - 
- 

- 
S -

MAXIMUM STAGE IS 536.2 
- 

- 
- -

_______- 
**********

_ .5 _

********** -

_ -—-----—----- $*$**$;*** -- -—
-----—— **u****u - ******I**I

1 -, 
S 

- 
-

S 

PEAK FLOW AND STORAGE (END OF PERIOD ) SUMMARY FOR MULTIPL E PLAN-RATIO ECONOMIC COMPUTAT IONS
FLOWS IN CUBIC FEET PER SECOND (CURIC METERS PER SECOND)



F-

• 
lEAK FLOW Ah~i Ul~AtiE ~ ND OF PERIOD ) SU~t i iR Y FOR MUL TIPLE PLAN— RA TIO ECCNO4iL C COMPUTATIONS

FLOWS IN CUBIC FEET PER SECOND (CUBIC METERS PER SECOND)
S 

- AREA1H SQUARE MILES ( SQUARE KILOMETERS ) ~~~~~~~~~~~~~~

- 
-

- 

- - ~~~~~~~~~~~~~~~~~~~~~~~~~ RATIOS APPLIED TO FL0WS -

OPERATION STATION AREA PLAN RAT IO 1 -- 5
S - 

.34

- S

HYDROGRAPH AT 1 20.50 1 10138.
- - 

- 

- ~~~53,O9) F 287.07)(
• 

t S 
- - 2 10138.

S 

I 287.07)(
-C - 3 10138. - - 

- _ .

• 

S 
S ( 287.07 ( 

* - 
S - 

-
-

- - -

- 
- - 4 10138. 

-

- - S 
- V287.07W~~~ 

- - -

• 5 10138.
_______________ 

( 287.07)1

• 
~.
‘ ROUTED TO 2 20.50 1 32629. - 

- S

- 
- - 

- 1 53.09) - C 
- 
923.95)( -

S 

- 

30491 . -

S - 
S 

- 1 863.41)1 - 
- 

- 

- 
S

3 26667.
- -

- - - ( 755.14)( - - - -

• 

‘ S S • - * - - 

s - 4 20604. - - 
- 

S - - - 

- 

S

- - 

- ‘ 
- 1 583.43)1 

- - - -. - 
-

I __________________ - — 

- 
~~~~13549~ 

— 

-

• 

- - C

- I 0WTED TG 3 20.50 1 31420, - -

• 

-

- - 
S - - ( 53.09) 1 889.72)( - 

- -
- 

- 
- 

S
- - - 2 30109.

- - C 852.59) - - - - S~ 
- - —

.
* - 

- S 
- - 

3 26561 . - - -

_______________________________________ C 752.11)1 - - 5
S 

- - - 4 20586. 
-- -

- 

- 
- - 1 582.93)( S

$ , - - 
- 5 13550. . 

-

- 

C 383.69)1 -

- 
- ROUTED TO 4 20.50 1 32217.

- r 53;09) 
- - C 912,28~( - 

-. 

- —

- 
- 5 2 28500. - 

-

- 
C 807.02)( - 

-S 

3 25271.
$ 

- 
- 1 715.60)1 -

C’ -4 20364.
-- — - S 

- - 1 576.63)( 
S

• 
- 

- S - ~S 
5 13559,

~~11 - - - 
~~~~~~~~~~~~~~~~~~~~ - - - -— - 5— -  ________________ -— - 5— — —  ______

• 
- 

- ROUTED TO 5 20.50 1 31816,
C 53.09) ( 900.94 ) 1

- 
‘S 5 2 - 29382, — — ______________________

-
•~~~ 

-
~ C 832.02) 1

- - S 3 24943.S 

- - - 

- —- -r706.3rn - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• 

- 
- 

4 20197 . -

S 
- ( 571.92)(

~1- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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S~~~ S~~~~ -s- ‘ -

SC L S 5 ’Ss5

383.90)( - - B- 

SUMMARY OF DAM SAFETY ANALYSIS

PLNr1~~~~.;~~;;;;
— —IwITIAL VALUE SPILLWAY C R E S T T O P  OF DAM - -

— ELEVATION 548.00 548.00 562.30 ‘
~ - :  - 

-

STORAGE 1104. 1104. 3107.
- - OUTFLOW 0. 0. 8030.

RAT 1O MAXI MUM NAX IM UM NAXIN UM MAXIMUM DURATION TINE OF TINE OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAIL URE *

PMF W,S .ELEV OVER DAM AC—F T CFS HOURS HOURS HOURS

- .34 562.82 .52 3210. 32629. 1.21 47.75 47.50 - 

- -

PLAN 2 ............... INITIAL VALUE SPILLWAY CREST TOP OF DAM
5 S~~ 5 

- 
- ELEVATION 548.00 548.00 562.30 - - ‘

STORAGE 1104 1104. 3107.
OUTFLOW 0. 0. 8030.

- RATIO MAXIMUM MAXIMUM 
- MAXIMUM MAXIMUM DURATION TIME OF TINE OF -

________________________ OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX O1JTFLOW FAILURE
~~PM~~~~~ W .S, ELE~P 0VER DM AC-FT CFS H0URS

5
H01JR5 N0LJRS 

-__________

.34 562.83 .53 3212, 30491. 1.32 48.00 47.50

PLAN 3 ............... INITIA L VALUE SPILLWAY CREST TOP OF DAN
EIEVATION 548.00 548.00 562.30
STORAGE 1104. 1104. 3107.
OUTFLOW 0. 0. 8030,

RATIO MAXIMUM MAXIMUM MAXIMUM MAX IMUM DURATION TIME OF TIME OF
OF RESERVUT~ 

- DEPT h STORAGE OUTFLOL DUER TOP lAX OUTFLOW FAILUPE — -

PMF W. S .ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.34 562.84 ~54 1214. 26667, 1,50 48.50~~~~~ 47 50

PLAN 4 ....,.......... INITIA L VALUE SPILLWA Y CREST TOP OF DAN
ELEVATION 548.00 

- 
548.00 562.30

STORAGE 1104. 1104. 
- 

3107,
OUTFLDW ~~~~~~~~~~~~~~~~~~ 8030.

RATI O iIAX IMUM MAX I MU M MAXIMUM MA X IMUM PU RAT ION TIME OF~~~~TIflE OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF W. S.ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

.34 562.86 .56 3218. 20604. 1.79 49.50 47.50 - 
- 

-

PLAN 5 ............... INITIAL VALUE SPILIWAY CREST TOP OF DAM
ELEVATION 548.00 548.00 562.30 - 

- 
- 

S

— — -  STORAGE I104.~~~~~~~~T11O4
, - 3107, -

- i- - - -

OUTFLOW 0. 0. 8030. - 

— _S_•_ S _ _ _ S 5~~• S - - S -5
~~

S •
~~~P — - 5 - - - 5  5 - 5 - — - - - - .

-~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~ ~~5~ 5 5 ~~~ -~~~~~~~~ ~~~~~~~~~~~ -- 55 ‘SS~~~~~~~~ ~~-5 S -- S S~~ - -- - -S



5 -555 ~~~~~~~~~~~~~~~~~~~~~~~ 
___ __

s s , _ •~~~~~~~~~~C

-55- ~55 -5 55~ -5 - - - -- - - 5- - 
-

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

~~
--

~~~

-

-~~~ 
-- 

- RATIO MAXI MUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF i’q’C s . 
- - OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

- 
- .  PNF W,S.ELEV~~~ VER DAM ~~~AC-FT ~~~cFS NOtJRS- K0U~~~~~~1IOtJRS s

- .34 562.89 
- 

.59 3224. 13564. 2.17 50.17 47.50 
-

S - 

PLAN I STATION 3
S - S - - 

- MAXIMUM MAX IMUM TIME — -
:

S - 
S - RATIO FLOhhCFS STAGEPFT HOURS 

- 

- - 
S 

-

-

- 
- 
.

5 
- S

I 

.34 31420. - ç 547.&- , - 47.75 - - - _:
~~;~

s _ _

PLAN 2 STATION 3

- - 
-
_

- 

- 
~~~~~ NAX IMUM ~~~

’S MAXIMUM TIME 
- 

RATIO FLOW,CFS STA6E~FT HOURS

S -
: 

- 34 30109, 547,4 48,00

~

PLAN 3 -- STAT ION 

_________________________ MAXIMUM MAXIMUM TIME
RATIO FLOW,CFS 5STAGE~FT 

5
HOURS ——

.34 26561. 546.5 48.50

_______________ PUN 4 STATION 3

MAXI MUM MAXIMUM TIME
________________ 

RATIO FLOW,CFS STAGE,FT HOURS

.34 20586. 544.8 49.50

PLAN 5 STATION 3 -

-- MAXINUM MAXIMUM TIME
- RATIO FLOWv CFS STAGE ,FT HOURS

— 
5 

5_ _~~~~~~~~~~~~~ ;34~~~~~~5 13550. 542,1 50,00~~~~~~~~~~~ 
—

___

MAXIMUM MAXIM UM TIME~ RATI O FLOW,CFS STAGE ,FT HOURS

.34 32217. 549.7 - 48.00

_________ 
PLAN 2 STATION 4

MAXIMUM MAXIM UM TIME
________ _______ 

RATIO FLOWc CFS STAGE,FT HOURS

.34 78500. ~~4R . 4  4 R .~~~S 

-

-5 * - - -S5-~~~~ S- -~~~~~ 



____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ — S~~555*~ ~~~~~~~~~~~~~~~~~~~~~ 

- - 
- - 

- 
PLAN 3 - STATION 4 -

- . 
-

- - - : -
. - 

___  
5 

_ _ _ _____________ ___________- MAXIMUN MAXIMUM 5 TIME - 
S

- - 
- 

S 

RATIO FLO~ihCFS STAGE~FT HOURS -5
.. 

-

- ,. - - - 
S - - - 

- 

- 

.3V 25271. — 547.3 48.50 5 

- S

5 , 5 -
. 

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

-- 

- 

S 

PLAN 4 STATION~~~~ 4 - - - 
- -

~ - S -

- 

: MAXIMUM MAXIMUM TIME 
- - - - 

- -

- - 
- -

- 
- - - 

- S  
S - - RATIO FLOWv CFS STAGE,FT HOURS - - !

.34 20364. 
~~~ 

49,50

- 

-: 
- - 

- - S - - 
- PLAN 5 STATION 4 - - 

-
-

5 

5 
-

-

MAXIMUM MAXIMUM TIME -

RATIO FLOW,CF S SIAGEIFT HOURS

- 
S 

- I - 

.34 13559. 542.5 50.25 
- 

- 
- - 

- 
-

PLAN I STATION 5

- 

S - - S S - MAX IM UN MAX IMUM TTME 
- __________________________

- - 

- RATIO FLOW,CFS STAGE~FT HOURS -

- - S - - 
-

- - 
34~~~~31016. - - 

542 6 48.O0~~~~~ -

— 

- S 
PLAW 2 STATION T - 

-

- 

-

- 

- 

: - - 

MAXIMUM TIME 
-

- 
- - - - 

- 
- - 

- - -  
- 

- 
RATIO~~~FLOW~CFS STAGE~FT HOtJRS — - - 

-

.34 29382. 542.0 48.25 _________________________________

5 
— 

-
_

- 

- PLAN 3 STATION S 
- - 

- - 
-

- 

: 
- 

- MAXIMUM MAXIMUM - 

- 

TIME 
- 

. 

S

- 
- 

- 
- - RATIO FLOWvCFS STAGEIFT HOURS - 

-

— 

.34 24943. 540,6 48.75 

—

~~~~~~~

~ 5~

S 

- 
- -  

- - 
- - 

- - PLAN 4 STATION 5 - .
.4 - - -

S 
- - MAXIMUM MAXIMUM~~~ TIME- 

RATIO FLOW,CFS STAGE ,FT HOURS

- - .34 20197, 539.0 49,50 
S 

5 5 ,4 -
_ S 

-

PLAN 5 STATION ~~ 5
- -

-
-

5

- I MAXIMUM MAXIMUM TIME

- 
RATIO FLOW,CFS STAGEIFT HOURS

- 
.34 - - 13557. 536.2 50.25 -

~~ 

- S S  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

—— —s—- —~~~~~_~~~~~ — —— ~~~~
_ S — 5 —-- — -  5-5~~~ S~ ~~~~~~~~~ 

- 
~~~~~~ -5S~~~~s*~~~~ á& -5 -5
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~ C I 1 C 4 t t~~~~~’I4C*, I1- s444C*4~S3jj4j

FLOOD HYDROGRAPH PACKAGE CHEC-1)
RAN SAFETY VERSION — - JULY 1978 OY(RTOPPLN~~~~4M4Ly5 /S

- 

5
: LAST MODIFICATION 21 AUG 78 5 

-

- 
-

- 
- 

S IMP*Oj”(D EM Ü4,,K,’4II W T U4

• -‘ - 

1 At SWEET ARROW LAKE1AM 1*1* - UPPER LITTLE SWATARA CREEK
2 *2 PINE GROVE TVP., SINUYLKILL COUNTY
3 A3 ND ! 0 PA-00680 PA DER $ 54-102

- 4 8 300 0 1 5 . 0~~~~~ O -—o 0 ~~~~~ — 4 0
5 01 5 -

- 
-

6 J 1 9 1 
- 

5

J i f ~~~.8S .7 5-.6~~~~~.5 .4 ~~~~~ ,2 .1 —
8 K 1 

- 1
9 Xl - INFLOW HYDROGRAPH

— IU K I 1 20.5 — - - —S S

• 
- - - 11 P 23.2 106 116 125 136.5

12 T . - 
- 1 .05 -

- - 13 W —7.T .8~ 
- 

- - 
S - 

- -  _____________

- 14 X —1.5 — .05 ‘2
15 K 1 2 1

-S 16 K15 RES RVOIR ROUTIMG -

Y - - - 5 1 0 -

18 Yl I - 

1105 —1 
-

19 Y4~~~48 549 ~ 551 554 558 562.5
• 20 Y5 0 149 772 2182 4696 8200

21 0* 0 92 175 404
- 22 

- $E 512 54F 560 580 T 
- - 

- - 
- 

-- - 

S 23 *0 548 - 
- -

24 - 3D 562.5 2.7 1.5 450 - 
S

- - 25 K 9 9 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

• 

- 1 PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS

RUNOFF HYDROGRAPH AT~~~~~~~~1 
- —

• - ROUTE HYDROGRAPH TO 2
-

- 
- END OF NETWORK 

- S 
_____________

- 
-

- FI.000 HYORDORAPH PACKAGE (HEC—1) - - S - - - 5 - . ‘S - - - 
—

• ~, 
DAM SAFETY VERSION JULY 1978

LAST MODIFICATION 21 AUG 78
__________ S 

- S -

RUN DATE Z 79/02/23. - 
-

- 
S 

TThEFOT.44;59 ~~~~~~ - -

• 
- SWEET A RROW LAKE PAM *3*1 UPPER LITTLE SWATARA CREEK -

- 

PINE GROVE TW P,, SCHUILKILI COUNT Y S

- 
S - MDI TPA-OO680 PA1hEWT 54 102 

S - - -

5 , ;~~~ S - - - - 
-S - JOB SPECIFICATION

- NO NHR — NMIN IDAY IHR 1N1N METRC IPLr 1PRT NSTAN
• 300 0 15 0 0 0 0 0 —4 0

- 

JOPER NW T LROPT TRACE -

• - 0 0—— 0
t 

-
- 5

- NILTI—PLAN ANALYSES TO BE PERFORMED
- 

- 

- 

NPLAN= 1 NR TIO : 9 LRT IO = I 
RIIOS: 1.00 .85 - .70 .60 .50 .40 .30 - 

.20 .10

~~~~~~~~~~ 
—- S—

~~~~~ 
-
~~~~~ 

S - S
~~~~~

- 55
~~~~ 

_S
~~~~~~~~~~~~
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-‘/4SWEET ARROW LAKE DAM *1*1 UPPER LITTL E SWATA RA CREEK
_____________ 

PINE GROVE TWP , , SCHUTIXILL COUNTY - S
S 

NDI 1 PA-OO680 PA 1ER 1 54~I02 —- 
- 

- -

___________________ 

JOB SPECIFICATION 
- 

‘

~~~~~~
-

— ______________________ - NO NI~~~~NMIw TDAr IHR 1$IN NETRC IPLT IPRT (STAN~~300 0 15 0 0 0 0 0 —4 0 - -
~~~~~~~

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

I
S 

JOPER NWT IROPT TRACE S S 

- -

- ~~~~~ 0 0  - — 
-

)ULTI—PLAN ANALYSES TO BE PERFORMED S - 
-

NPLAN= 1 NRTIO~ 9 LRTIO= 1 
- 

- 
- 

-
RTIOS: 1.00 .85 .70 .60 .50 .40 .30 

- 

.20 .10 - 
— S  5_ ~

-S-—-S *******1** t********* -u******** - 

0*3*1*1*3*~ 
- 

*******t** 
5 ‘5

SUB—AREA RUNOFF COMPUTATION 
S 

-

- 
INFLOW HYDROGRAPH 

- - - 
_ _

5 _

S - 
____________ 

ISTAhI ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO 
- 

- S
_____________________

— 

S 
~~~~~~~~~~ 0 —0 0————0———-----0——- -— 1-

~
—-----

~
--—0 

- 0———

____________________________ HYDROGRAPH DATA
IHYDG IUHG TAREA SNAP TRSDA TRSPC RATIO ISNOW ISAKE LOCAI

1 
- 1 20.50 0.00 20.50 0.00 0.000 0 0 0 - -

PREC1P DATA _____ _____-- 

5

SPFE PMS R6 R12 R24 R48 R72 R96
0.00 23.20 106,00 116.00 125,00 136.50 0.00 0.00

- IRSPC COMPUTED BY THE PROGRAM 15 ~~824 
-

______________ - LOSS DATA 
-~

- 

~~LROPT STRKR DLTKR RTIOL 1RAIN ’STRKS RTIOK ~~STRTL CNSTL ALSNX RTIHP -.
- 

0 0.00 0.00 1.00 0.00 0,00 1.00 1.00 
- .05 0.00 0.00 

-

—UUIrHYDROGRAPH DATA - - - S - 
-r - -

- TP~ 7.30 CP .85 NTA: 0 - 
: 

• 

-

— 
- RECESSION DATA 5 - 

-

S STRTO= —1.50 ORCSN= — .05 RT IOR: 2.00 -

- 
- 

-- UNIT HYDRO GRAPH 67 END-OF—PERIOD ORDINATES , LAGz 7.22 RouRsrcpi~~ sFvoL: I;oo’—
- 

- - 
17. 62. 124. - 194, 269. 345, 422. 498, 574. 648. -

-
- - 720. 791. 859. 925, 990. 1052, - 1112. 1171. 1227. 1282.

1336. 13877 1436. 1478 , 1509. 1530. 1542. 1547. 1546. 1538.
- 

- r1525, 1506, 1484, 1457. 1426 . .1392. 1353. 1311. 1266, 1216.
1162. 1102. 1036. 962. 869, 762, 660. 572. 495. 429 .

- - - - 371. 322. 279. 241, - - 
- 

209, 181. 157. 136. - 118. 102.
-

- 
- 88. 76, 66. 57, -

S 50. 43. 37. - 
~ -

MO .DA HR. MN PERIOD RAIN EXCS LOSS COMP 0 MO .DA HR .M N PERIOD RAIN EXCS LOSS COMP 0

- ‘S 
• ‘

•
~~~ 

S - S 
SUM 26.09 23.66 2.43 1258242. :~.

55 5 
- 

_________________________________ _____ 
( 663dC 60I. )(  62.)(35629.45) 

:“~ -
~~~~

- 
_ _ _ _  
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- 

_- - - 5  - - 5 
- - S - 
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_____ _
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• - 55 

IIYDROGRAP H ROUTIN G _____ ______—____

- 

- RESERVOIR ROUTING
ISTAO ICOMP ICCON ITAPE ~ LT JPRT INANE ISTAGE IAUTO

2 0
5- -S 0 0 U T  0 0

• 

-- ROUTING DATA -

- S OLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR
- :  

• 
- - 

— 0,0 0,000 0,00 I~~~~~•0 0 0 ~~T 0 —-

NSTPS NSTDL LAG AMS KK X TSK STORA ISPRAT
-

- 
:

- - 
- 

t-
~~~~0 0 0 ,000 0,000~~0,000 1105,~~~~~1 -

-~~~~ :- ,- . STAGE 548.0 549.0 551.0 554.0 558.0 562.5 5

• 

- -
- 

- 

- 
- FLOW 0. 149. 

- 
772. - :  2182. - 

- 
~4696. 8200. -

-~ 
- - 

- - 
SURFACE AREA: -50. 92. 175; 404. 

-

- CAPACITY : 0. 1104. 2680. - 8312. -
- - 5------ -- - 5 5  -- S___

• 
ELEVATION : 512. 548. 560. 580. -

- - - CREL SPWID COQW IXPW ELEVI COOL tAREA EXPI. -

• S - 

- - 

— 
- ~~

- 
- - - - 548.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0

- DAM DATA - — ~ - — —

S TOPEL C000 EXPD DAMU ID
- 

- 

562.5 2.7 1.5 450.

o - 
- PEAK OUTFLOW IS 29477. AT TIME 47.00 HOURS 

- 

- 

-

• 

- 

PEAK OUTFLOW IS 25032. AT - TIME 41.00 HOURS S

• 

-

~ 

- PEAK OUTFLOW IS 20568. AT TIME 47.00 HOURS 
- 

S - S

• 
- PEAK OUTFLOW IS 17558. AT TIME 47.00 HOURS -

PEAK OUTFLOW IS 14483. AT TIME 47.25 HOURS - -

• PEAK OUTFLOW IS 11177. ~T TIME 47.75 HOURS -

• 

S~ 

PEAK OUTFLOW ‘IS 7659. AT TINE 48.50 HOURS 
- 

S

• 
- PEAK OUTFLOW IS 5286. AT TIME 48.25 HOURS S

- 

PEAK OUTFLOW IS 
- 

2522. AT TIME 48.75 HOURS -

O S 
-

- - - 
S - - *t*******t **$***113* ***t***t*t - *33*3*3*3*

~~~~ 5 ’ . -  

—5- -



- - -5- -~~~~~~~~~~~~~~~ -------- - - - 5 -_____ 5 5-  w~~ -~~~ —
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—
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- 
~~****$** ********** ********** ***uu*s* ~~~~~~~~~~~ - : - - - 

~~~ 

-
~~~:-

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

_

1 ~~~
_ —

PEAK FLOW AND STORAGE (END OF PERIOD ) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS -

-
- - 

- 

FLOWS IN CUBIC FEET PER SECOND (CUBIC METERS PER SECOND)
AREA IN SQUARE RILES (SQUARE KILO$ETERSI 5- —

-- 5- - RATI OS APPLIEU TO 5FL OW S -
S

OPERATION STATION AREA PLAN RATIO I RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 - RATIO 9
1.00 .85 .70 .60 .50 .40 .30 .20—- - -.10-

HYDROGRAPH AT - 1 20,50 1 29817. 25345, 20872. 17890. 14909. 11927. 8945. 5963. 2982.
53.09T c 044.33)r717.68x—591.03n 506.60)1 422.1711 33773 r251.30w168,e7rr---84-.43r

ROUTED TO 2 20.50 1 29477. 25032. 20568. 17558. 14483. 11177. 7659, 5286. 2522.
- 

(— 53.09r 1 834.69ft 708.8i)( 582.42)U 497.1S)( 
_
410,llg ~16.50 r 216,89 149.60 ~ 71 4O

- 

SUMMARY OF DAM SAFETY ANALYSIS 
- - -

PLAN I .............. . INITIAL VALUE SPILLWAY CREST TOP OF DAN
-5 - 

- - 
S ELEVATION 548.O1 

- 548.00 562.50 - 
- -

- - -  STORAGE 1105. 1104. 3146.
- 

S - 

- 

- OUTFLOW 1. 0. 8200.

RATIO M AXIMUM MAXIMUM MAX IMUM MAXIMUM DURATION TIME OF TINE OF
___________________- OF RESERV OIR 5 DEPT H STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE -

- P1W W.S.ELEV OVER DAM AC—FT CFS HOURS - HOURS HOURS -

• 
-

- 
1.O0 568.34 5.84~~~~~ 4478 29477,~~— 11.5O — 47, Oo 0.00 

--.85 567.44 4.94 4249 . - 25032. 10.75 47.00 0,00
.70 566.46 3.96 4010. 20568. 9.50 47.00 0.00
.60 565,73 - L23 3840. - - 17558. 8.50 47.00 0.00 -

.50 564.92 2.42 - 3655. 14483. 7.25 47.25 0.00
- .40 563.89 1.39 ______ 3432. 11177. 5.25 47.75 _____ 0.00 ________

.30 561.74 0.00 2997. 7659 , 0.00 48.50 0,00
- - .20 558.38 0.00 2407. 5286. 0,00 48.25 0,00

.10 554.54 0.00 1839. 2522. 0.00 48.75 0.00
—-—- -5 -— -  _______—— ________________________________ -______

FLOOD HYPROGR APH PACKAGE (HEC- 1)
DAM SAFETY VERSION JULY 1978

LAST MODIFICATION 21 AUG 78 — - —— __________________ _________

EOI ENCOUNTERED. ‘ S 
-

N~ 
- __________

* , ~~~~~ — j.- : - -
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GEOLOGIC REPORT

Bedrock — Dam

Formation Name: Mahantango Formation, Montebello Sandstone Member.

Lithology: The Montebello Sandstone consists of gray, olive gray,
yellowish brown and olive brown sandstone, with some conglomerate,
conglomeratic sandstone siltstone or shale interbeds.

- - Bedrock — Reservoir

F-~rmation Names: Bloomsburg Red Beds; Ridgeley Sandstane; Selins—
trove Limestone; Marcellus Formation and Mahantango Formation,
including the lower shale and sandstone member, Montebello Sand—

S stone Member, and upper shale member.

Lithologies: Bloomsburg Red beds, red shales and siltstones,
locally calcareous; Ridgeley Sandstone, coarse to medium sandstone,
with calcite cement; Selinsgrove limestone, gray . shaly, cherty
limestone; Marcellus shale , black fissile shale , Mahantango
Formation , dark gray silty shales, silt stones with interbedded
sandstones, includes the Montebello Sandstone described above.

Structure

The Sweet Arrow Dam is located on the north flank of the Roeders—
yu le Anticline, an overturned , faulted anticline whose axis
trends N70°E. Bedding in the Montebello Sandstone near the west
end of the dam strikes N50°E and dips 50°SE , and is overturned.
Fracture traces trend N25°E, N5°E, N40°W, N20°W and N70°W.

The area is one of tight folds and considerable faulting. Fracture
cleavage is generally present In the silty and shaly rocks. Two
branches of the Sweet Arrow Fault, a major thrust fault, pass

S through the reservoir. The strike of these faults is about N65°E
and then dips steeply south. These faults formed at the times of
folding, about 270 to 300 million years ago. There has been no
known subsequent activity of these faults. 
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Overburden

No drill hole information is available for this dam. The Monte—
bello Sandstone does not weather deeply, fresh rock can be expected
at 10 to 15 feet. Some alluvium was present in the valley of Little
Swatara Creek. The plans for the darn called for a cutoff trench
dug “to sound rock” and for grouting as indicated by pressure
testing. An inspection report, dated July 21, 1923, states that the
rock in the trench was “a hard f.ine grain (sic) sandstone which dips
700 in a downstream direction, the strike being about 15° to the
centerline” of the dam. Grouting was recommended.

Aquifer Characteristics

The Itontebello Sandstone is an essentially impermeable rock. All
ground water movement is along bedding planes and fractures; and
is generally rather limited.

• The Selinsgrove limestone, which is exposed in the reservoir area
is locally somewhat cavernous. Its outcrop is not close to the
dam itself, and its structure is such that leakage is improbable.

Discussion

Grouting was carried out during construction of this darn. The
leakage that was reported after completion of the darn was along the

• “blowoff line” and was not through the rock foundation. The
foundation is in a sound, non—soluble rock, and not susceptible
to alteration by ground water movement.

Sources of Information

1. Wood, G.R. and Kehn, T.M., (1968) “Geologic Map of the Swatara
Hill Quadrangle, Schuylkill County, Pa.” U.S.G.S. Map GQ 689.

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

3. Plans and Reports in file.
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GEOLOGIC MAP - Sweet Arrow Lake Dam
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(geology from U.S.G.S. Map GQ—689)
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