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PREFACE

This report is prepared under guidance contained in
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies Of the&6 guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 203114. The purpose o~f a Phase I Investigation is to
identify expeditionsly 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 investigations, 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 o~therwise be detectable if inspected-under the4
normal operating environment of the structure.

It is important to note that the condition of a dam
depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would
be incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through continued care and
inspection can there be any chance that Unsafe conditions be
detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the spillway design flood is based on the
estimated "Probable Maximum Flood" for the region (greatest
reasonably Possible storm runoff), or fractions thereof. The
spillway design flood provides a measure of relative spillway
capacity and serves as an aid in determining the need for more
detailed hydrologic and hydraulic studies, considering the size
of the dam, its general condition and the downstream damage
potential.
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PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION

AND

RECOMMENDED ACTION

Name of Dam: Larsen Dam
NDI ID No. PA-00367
DER ID No. 35-30

Size: Small (11.7 feet high; 504 acre-ft.)

Hazard
Classification: High

Owner: Big Bass Lake, Inc.
L. Larsen, President
Box 225
Gouldsboro, PA 18424

State Located: Pennsylvania

County Located: Lackawanna and Wayne

[f Stream: Lehigh River

Date of Inspection: 2 June 1981

Based on visual inspection, available records,
calculations, past operational performance, and according to
criteria established for these studies, Larsen Dam is judged to
be in fair condition. Based on the size and hazard
classification of the dam, the Spillway Design Flood (SDF) at
the dam varies between 1/2 the Probable Maximum Flood (PMF) and
the PMF. Based on the downstream conditions, the selected SDF
is the 1/2 PMF. Under existing conditions, the spillway will
pass about 12 percent of the PMF without overtopping of the
dam. If the low areas on the top of the dam were filled to the
design elevation, the spillway would pass 16 percent of the
PMF. It is judged that Larsen Dam could not withstand the
depth and duration of overtopping tbat would occur during the
1/2 PMF. However, it is judged that a high hazard dam located
immediately downstream would fail due to overtopping prior to
the overtopping failure of Larsen Dam. Therefore, the spillway
capacity of Larsen Dam is rated as inadequate.
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No Immediate stability problems were evident at the time
ofthe inspection, but deficiencies do exist that could

eventually affect the stability of the dam and. appurtenances
if they are not corrected.

Maintenance of the A~i is considered inadequate.

The following studies and remedial measures are
recommended to be undertaken by the Owner, in approximate order
of priority, without delay:

it (1) Design and construct modifications as required to
provide adequate spillway capacity.

(2) It the design for spillway modifications does not
include provisions for repair of the corewall and replacemo:nt

of missing embankment material, separate measures should be

designed and constructed to accomplish those items.I
(3) Remove brush from the dam, replace missing riprap,

and fill the burrowing animal hole with impervious material.

(4) Visually monitor the wet area at the toe of the dam.
Take appropriate action as required if the condition worsens.

All investigations, studies, designs, and inspection of
construction should be performed by a professional engineer
experienced in the design and construction of dams.,

In addition, the Owner should institute the following
operational and maintenance procedures:

(1) Develop a detailed emergen~cy operation and warning
system for Larsen Dam. When warnings of a storm of major
proportions are given by the National Weather Service, the
Owner should activate his emergency operation and warning

system.

(2) During periods of unusually heavy rains, pr~ovideI
round-the-clock surveillance of Larsen Dam.

(3) As presently required by the Commonwealth, institute
a program of fotomal annual inspections by a professional4
engineer experienced in the design and construction of dams.
Utilize the inspection results to determine if remedial
measures are necessary.

(4) Expand the existing maintenance program and develop a
formal maintenance manual so that all features of the dam are
properly maintained.

V IV
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LARSEN DAM

NDI ID No. PA-00367; DER ID No. 35-30

PHASE I INSPECTIOPT REPORT

NATIONAL DAM INSPECTION PROGRAM

SECTION 1

PROJECT INFORMATION

1.1 General.

a. Authority. The Dam Inspection Act, Public Law
92-367, authorized the Secretary of the Army, through the
Corps of Engineers, to Initiate a program of Inspection of
dams throughou~t the United States.

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

1.2 Description of Project.
a. Dam and Appurtenances. Larsen Dam consists of' an

embankment, an overflow spillway, arnd an outlet works. The
embankment is earthf ill and has a concrete corewall. The
embankment consists of two sections, being divided by the
spillway. The section to the right of the spitllway is 120
feet long, and the section to the left is 75 feet long. The
dam is 11.7 feet high at its highest section.

The spillway is located near the center of the dam. An
approach channel leads from the reservoir to a rounded-crest,

concrete weir. The weir is 70 feet long and 3.8 feet below-

the design level for the top of the dam. A concrete apron
is located at the bottom of the weir.

The outlet works is located at the left end of the
spillway. An intake structure leads from the reservoir to a
pair of 211-inch diameter cast-iron pipes. Sluice gates in the
intake structure can be used to prevent water from entering
the conduits. There are also gate valves located further
downstream that can be used to control flows.

The various features of the dam are shown on the
Photographs in Appendix C and on the Plates in Appendix E. A
description of the geology is included in Appendix F.



II
b. Location. Larsen Dam is located on the Lehigh River

in CliftonTwnsh-ip, Lackawanna County, and Lehigh Township,
Wayne County, approximately one-half mile northeast of
Gouldeboro, Pennsylvania. Larsen Dam is shown on USGS
Quadrangle Sterling, Pennsylvania at latitude N 410 15' 05"
and longitude W 750 27' 30". On the USGS topographic map,
Larsen Lake is shown as Johnson Pond. A location map is shown
on Plate E-1.

c. Size Classification. Small (11.7 feet high, 504
acre-feet).

d. Hazard Classification. High hazard. Downstream
conditions indicate that aBhigh hazard classification is
warranted for Larsen Dam (Paragraphs 3.le and 5.1c (5)).

e. Ownershi* Big Bass Lake, Inc., L. Larsen,
President, Box 221, Gouldsboro, PA 18424.

f. Purpose of Dam. Recreation.

g. Design and Construction History. Larsen Dam was
constructed in 1910 by the Scranton Gas and Water Company to
provide an auxiliary water supply. The dam replaced a timber
crib structure that had existed at the site. The dam was
designed by W.M. Marple and constructed under the supervision
of H. F. Cox, both of whom were engineers for the water
company. When it was constructed, the dam was known as
Gouldaboro Dam. The lake was later known as Johnson Pond.
The dam and lake are now known as Larsen Dam and Larsen Lake.
There have been no significant modifications made to the dain
since it wasconstructed.

h. Normal Operational Procedure. The pool is maintained
at the spillway crest level with excess inflow discharging
over the spillway. The outlet works is used occasionally to
draw down the pool level for maintenance purposes.

1.3 Pertinent Data.

a. Drainage Area. (squari miles) 15.39

b. Discharge at Damsite. (cfs)
Maximum known flood at damsite Unknown
Outlet works at maximum

pool elevation 110

Spillway capacity at maximum
pool elevation

Design conditions 1,760
Existing conditions 1,300
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c. Elevation. (feet above mal.)
Top of dam

Design conditions 1886.4
Existing conditions 1885.7

Maximum pool
Design conditions 1886.4
Existing conditions 1885.7

Normal pool (spillway crest) 1882.6
Upstream invert outlet works 1874.0
Downstream invert outlet works 1874.0Streambed at toe of dam 1874.0

d. Reservoir Length. (miles)
Norm6alpool 0.75
Maximum pool (design) 0.80

e. Storage. (acre-feet)
Normal pool 246
Maximum pool (design) 581
Maximum pool (existing) 504

f. Reservoir Surface. (acres)
Normal pool 64
Maximum pool (design) 116
Maximum pool (existing) 105

g. Dam.
" Earthf ill with

concrete
corewall

Length (feet) 195, embank-.
ment only

Height (feet) 11.7

Topwidth (feet)
Design 8.0
Existing Varies

Side Slopes
Upstream

Design IV on 4H
Existing IV on 4H

Downstream
Design IV on 3H
Existing Varies

-3-
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g. Dam. (cont'd.)

Concrete
Zoning corewall;

two earthen
zones

Cutoff Cutoff trench
and steel sheet
piles

Grout Curtain None

h. Diversion and Regulating
Tunnel. None

i. Spillway.
T.pew Concrete weir

Length of Weir (feet) 70.0

Crest Elevation 1882.6

Upstream Channel Reservoir

Downstream Channel Concrete apron

J. Regulating Outlets
Type Two 24-inch

diameter
cast-iron
pipes

Length (feet) 24

Closure Sluice gates at
upstream end;
gate valves
near center

Access 
Top of dam

-4-



SECTION 2

ENGINEERING DATA

2.1 Design.

a. Data Available. No design data are available for
Larsen Dam.

b. Design Features. The project is described in
Paragraph 1.2a. The various features of the d-m are shown on
the Photographs in Appendix C and on the Plates in Appendix E.

c. Design Curnsiderations. Available data are notI sufficient to assess the design of the dam.

2.2 Cornstruction Data.

a. Data Available. A report on the dam was prepared in
1915 by the Pennsylvania Water Supply Commission (PWSC). The
report was based on information furnished by the engineer who
supervised construction of the dam. There is also a drawing
prepared in 1914 that was reportedly copied from construction
progress sheets. Some of the details from this drawing are
shown on Plate E-2.

b. Construction Considerations. Available data
indicate that the embankments are constructed of a clay-sand
mixture that was obtained locally. Steel sheet piling were
driven around the entire dam during construction to provide
stable conditions during excavation. The tops of the sheet
piles were cut off and the portions remaining were left in
place. The corewall in the dam and the concrete spillway are
founded on a layer of gravel and boulders that overlie bedrock
at the site. A "quicksand stratum" was removed during
construction. The 1915 PWSC Report indicates that construction
of the dam was satisfactory.

2.3 Operation. There are no formal records of operation. No
significant problems have been reported for the dam.

2.4 Evaluation.

a. Availability. Engineering data were provided by the
Bureau of Dams and Waterway Management, Department of
Environiaental Resources, Commonwealth of Pennsylvania
(PennDER). Representatives of the Owner were available for
information during the visual inspection.

-5-
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b. Adequacy. The type and amount of available design
data and other engineering data are fair, and the assessment is
based on the combination of available data, visual inspection,
performance history, hydrologic assumptions and hydraulic
assumptions, and calculations developed for this ieport.

c. Validity. There Is no reason to question the validity
of the available data.

Ii

4i
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The overall appearance of the dam is fair.
Deficiencies that were observed are noted below. A sketch of
the dam with the locations of deficiencies is presented on
Exhibit B-i in Appendix B. Survey information acquired for
this report is summarized in Appendix B. Datum used for the
survey was the spillway crest level, Elevation 1882.6, as shown
on Plate E-2 in Appendix E. On the day of the inspection, the
pool was at Elevation 1882.8.

b. Embankment. The survey performed for this inspection
showed that the top of the dam is irregular, with the low point
at Elevation 1885.7, which is 0.7 foot lower than the design
level shown on Plate E-2.

Riprap on the upstream slope of the dam is generally
intact but overgrown with brush (Photograph A). The upstream
slope generally conforms to the slope angle shown on Plate
E-2.

The portion of the embankment to the right of the spillway
has the corewall exposed over a 75-foot long rreach
(Photograph A). The maximum exposed height of corewall is 4.5
feet (Photograph B). About 15 feet to the right of the
spillway, the corewall has a 1/8-inch wide crack that extends
through the corewall (Photograph C). There is no misalignment
at the crack, but concrete at that location has spalled. Near
the right abutment there is an area where minor surface erosion
of the embankment has occurred (Photographs A and B).

The portion of the embankment to the left of the spillway
is completely overgrown with brush (Photograph D). One
burrowing animal hole is located on the downstream slope.
There is a small wet area located near the toe adjacent to the
outlet channel.

c. Appurtenant Structures. The spillway weir was
submerged but no major deficiencies appear to exist
(Photograph E). There is one crack in the right approach wall
of the spillway, and there are numerous locations where
surficial deterioration of the approach and outlet walls has
occurred (Photographs E and F).

-7-



The outlet works is In fair condition. Some deterioration
of the concrete intake structure has occurred. The outlet
conduits were submerged and could not be inspected. The sluice
gates in the intake structure and the gate valves in the ou~tlet
conduits are rusted but are reported to be functional.

d. Reservoir Area. The watershed is predominantly woodedIand has gentle to moderate slopes. There are five other dams
and sever,1. small ponds located ,qithin the watershed. Larsen
Lake itself is segmented into three parts. The Erie-Lackawanna
railroad embAnkment separates one small portion of the
reservoir from the main body of water. There id~ a substantial
bridge opening which allows free passage of water through the
railroad embankment. There is another earthen embankment which
crosses the reservoir and separates a significant portion of
the lake from the main body of the reservoir. The top of the
embankment is approximately 2 feet above normal pool level, and
there is an opening through the embankment about 25 feet wide
(Photograph 0). The purpose of the embunkment is unknown.

e. Downstream Conditions. Lake Lehigh Dam, DER I.D. No.
64i-51, is located 0.7 mile downstream from Larsen Dam. Lake
Lehigh Dam (Photograph H) was inspected in 1980 and found to be

a high hazard dam. The available surcharge storage in LakeU
Lehigh is 31 acre-feet, compared to the 2416 acre-feet of
storage in Larsen Lake at normal pool level. If Larsen Dam
were to fail, it could cause failure of Lake Lehigh Dam.
Accordingly, Larsen Dam is a high hazard dam.

-8-



SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedure. The reservoir is normally maintained at
spillway crest, level, with excess inflow discharging over the
spillway and t~nto the Lehigh River. The outlet works Is used
occasionally -to draw down the pool for maintenance purposes.

4.2 Maintena~nce or Dam. The dam is visited at least monthly

by one of the Owner's representatives. Based on the conditionI
of the d&,m, It is evident that maintenance of the dam has been
minimal. Pormal inspections of the dam are not made.

41.3 Maintenance of Operating Facilities. The outlet works
operating mechanisms are rusted but are reported to be in good
working order. Maintenance is limited to checking the
operation of the gate valves several times each year.

4.4 'darning Systems in Effect. There is no emergency
operation and warning system.

4.59 Evaluation of Operational Adequacy. The maintenance of4
the dam and appurtenant works is inadequate, as evidenced by
the maintenance deficiencies observed during the visual
inspection. A program of formal annual inspection is necessary
to detect potL'ntially hazardous conditions. A detailed
emergency operation and warning system is necessary to reduce
the risk of dam failure should adverse conditions develop and
to prevent loss of life should the dam fail.

-9-



SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data. The 1915 Report by the PWSC indicated

that the design capacity of the spillway was 1,650 cfs, based
on a maximum available head of 3.5 feet. For this inspection
It was determined that the design capacity of the spillway is
1,760 cfs, based on a maximum available head of 3.8 feet.

b. Experience Data. There are no known records of the

maximum pool elevation at Larsen Dam.

a. Visual Observations.

(1) General. The visual inspection of Larsen Dam,
which is described in Section 3, resulted in a number of
observations relevant to hydrology and hydraulics. These

observations are evaluated herein.

(2) Embankment. The top of the embankment is 0.74
foot lower than its design elevation. Accordingly, the
existing spillway capacity Is less than its design capacity.

Although the available records contain no reference to
overtopping of the dam, the visual insperntion and photographs
from the recorda'strongly suggest that the dam has been
overtopped. A photograph taken in 1938 clearly shows that the
entire embankment to the right of the dpillway was intact and
that no portions of the corewall were exposed. A photograph
taken in 1957 shows the corewall exposed to approximately the
same extent that exists now. Based on the visual inspection
and the photographs, it is surmised that the dam was
overtopped, possibly during the 1955 flood, and that the
embankment suffered se~vere erosion.

to hydraulics were observed at the spillway or the outlet
works. ()ApreatSrcue. N eiinisrlvn

(4~) Reservoir Area. Nothing was observed in the
reservoir area that would present a hazard to the damn. The
segmentation of the reservoir caused by the two ear-then
embankments is of little significance, and the minor effects
that they might have were not included in the analysis
performed for this report.

There are five dams upstream from Larsen Dam, as noted in
Appendix D. Phase I National Dam Inspection Reports have been
prepared for four of these dams. The effects of all the dams

-10-
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have been included in the analysis described hereafter. Of
these five dams, only Lake Watawga Dam and Gouldsboro Dam are
considered to present any noteworthy hazard to Larsen Dam.
Gouldsboro Dam has an adequate spillway capacity. Lake Watawga
Dam has a seriously inadequate spillway capacity.

(5) Downstream Conditions. Lake Lehigh Dam is
located immediately downstream from Larsen Dam, as shown on
Exhibit D-1 in Appendix D. A Phase I National Dam Inspection
Report has previously been prepare'd for Lake Lehigh Dam, which
is a small, high hazard dam with a seriously inadequate
spillway capacity. Since a failure of Larsen Dam could cause a
failure of Lake Lehigh Dam, a high hazard classification is
warranted for Larsen Dam.

d. Overtopping Potential.

(1) Spillway Design Flood. According to the criteria
established by the Office of the Chief of Engineers (OCF), the
Spillway Design Flood (SDF) for the size (small) and hazard
potential (high) of Larsen Dam is between one-half of the
Probable Maximum Flood (PMF) and the PMF. Based on the small
height of the dam and the downstream conditions, the 1/2 PMF is
selected as the SDF for Larsen Dam. The watershed and
reservoir were modeled with the U.S. Army Corps of Engineers
HEC-lDB computer program. A description of the model is
included in Appendix D. The assessment of hydi°ology and
hydraulics is based on existing conditions, and the effects of
future development are not considered.

(2) Summary of Results. Pertinent results are
tabulated at the end of Appendix D. The analysis reveals that
the existing Larsen Dam can pass about 12 percent of the PMF
before overtopping of the dam occurs. If the low areas on the
top of the dam were raised to the design elevation, the dam
could pass 16 percent of the PMF. During the 1/2 PMF, the dam
would be overtopped by 3.6 feet for 19 hours. This would cause
the dam to fail.

(3) Spillway Adequacy. The criteria used to rate the
spillway adequacy of a dam are described in Appendix D.
Because Larsen Dam cannot pass the 1/2 PMF, further analysis
was performed. The outflow from Larsen Dam was routed though
Lake Lehigh and over Lake Lehigh Dam. Larsen Dam passes the
5 percent PMF with 1.4 feet of freeboard. The outflow from
Larsen Dam during the 5 percent PMF will cause Lake Lehigh to
overtop by 0.7 foot for 17.8 hours. The Phase I Report for
Lake Lehigh Dam indicates that it would start failing during an
overtopping of 0.5 foot. Therefore, it was Judged that
dwellings downstream would already be flooded by the failure of
Lake Lehigh Dam before Larsen Dam started to fail. The
spillway capacity of Larsen Dam is rated as inadequate.

-.11-
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The Commonwealth is presently reviewing plans for the
rehabilitation of' Lake Lehigh Dam. The plans include
increasing the spillway capacity of' Lake Lehigh Dam" to pass the
1/2 PMP. When the rehabilitation is comnpleted, the existing
spillway capacity of' Larsen Dam would pose more of' a hazard to
Lake Lehigh Dam. and the dwellings downstream.

-12-



SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) General. The visual inspection of' Larsen Dam,
which is described-in Section 3, resulted In a number of
observations relevant to structural stability. These
observations are evaluated herein for the various features.

(2) Embankment. The growth of brush on the
embankment slopes willeventually create a potential hazard to
the dam. The root sysi_ýms create potential paths along which
seepage can develop. The exposed corewall is an undesirable
condition. Although the amount of exposure does not create a
stability hazard under normal conditions, a small amount of
overtopping would cause rapid progressive erosion that would
probably result in failure of the dam. The crack in the
corewall is also undesirable because of the leakage that would
occur under high pool levels. The bare ao'eas at the right
abutment would allow erosion to occur rapidly if the dam were
overtopped. The burrowing animal hole located on the
downstream slope is minor but should be filled. The wet area
at the toe to the left of the spillway is considered to be
relatively minor but warrants monit,,'Ing.

(3) Appurtenant Structures. The deficiencies at the
spillway, a crack in the right approach wall and surficial
deterioration of the concrete, are maintenance problems that
do not constitute significant hazard to the dam. Nothing was
observed at the outlet works that constitutes a hazard to the

b. Design and Construction Data. No stability analyses
are available for The embankment or spillway. Based on review
of the sections that are available, the stability of the damn is
judged to be adequate for its original design conditions.

n~. Operating Records. There are no formal records of
operation. No stability problems are known to have occurred
since the dam was constructed in 1910.

d. Post-construction Changes. There have been no
post-construction changes to the dam.

-13-



e. Seismic Stability. Larsen Dam is located is Seismic
Zone 1. No.mally7 it can be considered that; if a dam in this
zone has adequate factovs of safety under static loading
conditions, it can be assumed safe for any expected earthquake
loading. Since the factors of safety are assumed to be
adequate, the dam 'ts also assumed to be stable for any expected
earthquake loading.

i1
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND

PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety.

(1) Based on available records, visual inspection,
calculations, and past operational performance, Larsen Dam is
judged to be in fair condition. Based on the size and hazard
classification of the dam, the recommended SDF varies between
the 1/2 PMF and the PMF. The selected SDF for the dam is the
1/2 PMF. Based on existing conditions, the spillway will pass
about 12 percent of the PMF without overtopping of the dam. If
the low areas on the top of the dam were filled to the design
elevation, the spillway would pass 16 percent of the PMF. It
is judged that Larsen Dam could not withstand the depth ard
duration of overtopping that would occur during the 1/2 PMF. 4
However, it is judged that a high hazard dam located
immediately downstream would fail due to overtopping prior to
the overtopping failure of Larsen Dam. Therefore, the spillwaycapacity of Larsen Dam is rated as inadequate.

(2) No immediate stability problems were evident
at the time of the inspection, but deficiencies do exist that
could eventually affect the stability of the dam and
appurtenances if they are not corrected.

(3) Maintenance of the dam is considered inadequate.

(4) A summary of the features and observed
deficiencies is _isted below:

Feature Observed Deficiency

Embankment: Low areas on top; brush on slopes;
surface erosion; corewall exposed
and cracked; missing riprap;
burrowing animal hole; wet area
at toe.

Spillway: Crack in approach wall; concrete
deteriorated.

Outlet Works: Crack in intake structure;
operating mechanisms rusted.

-15-



b. Adequacy of Information. The information available
is such that an assessment of the condition of the dam can be
inferred from the combination of visual inspection, past
performance, and computationo performed prior to and as part
of this study.

c. Ureny The recommendations in Paragraph 7.2 should
be implemented wi thout delay.

d. Necessity for Further Investigations. Accomplishment
of the remedial measures ',utlined in Paragraph 7.2, will
require further investigations by the Owner.

7.2 Recommendations and Remedial Measures.

a. The following studies and remedial measures are
recommended to be undertaken by the Owner, in approximate order
of priority, without delay:

(1) Design and construct modifications as required to
provide adequate spillway capacity.

(2) If the design for spillway modifications does not
include provisions for repair of the corewall and replacement4
of missing embankment material, separate measures should be
designed and constructed to accomplish those items.

(3) Remove brush from the dam, replace missing
riprap, and f4.il the burrowing animal hole with impervious
material.

(4I) Visually monitor the wet area at the toe of the
dam. Take appropriate action as required if the condition
worsens.*

All investigations, studies, designs, and in-
spection of construction should be performed by a professional
engineer experienced in the design and construction of dams.I

b. In addition, the Owner should institute the following
operational and maintenance procedures:

(1) Develop a detailed emergency operation and
warning system for Larsen Dam. When warnings of a storm of
major proportions are given by the National Weather Service,
the Owner should activate his emergency operation and warning
system.

(2) During periods of unusually heavy rains, provide
round-the-clock surveillance of Larsen Dam.



(3) As presently required by the Commonwealth,
institute a program or rormal annual inspections by a
professional engineer experienced In the design and
construction or dame. Utilize the inspection results to
determine if remedial measures are necessary.

(4~) Expand the existing maintenance program and
develop a fformal maintenance manual so that all features

or the dam are properly ma~intained.
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APPENDIX B

CHECKCLIST -VISUAL INSPECTION
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DATE OF INSPECTION: 2 JUNE 1981

POOL ELEVATION: 1882.8

BRUSH

MSNRR-BURROWING ANIMAL HOLEMISSING RIPR"AP'

CRACK IN -- WET AREACRACK IN i.

INTAKE STRUCTURE

SINTAKE STRUCTURE- 2- 24" DIA. OUTLET CONDUITS

-j SPILLWAY---,,. FLOW

z
w SURFICIAL DETERIORATION
"" CRACK IN OF CONCRETE
< APPROACH WALL /!

CRACK IN CORNWALL

COREWALL EXPOSED AND
EMBANKMENT MATERIAL MISSING

BRUSH-

TOP OF DAM IRREGULAR

MINOR SURFACE EROSION

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

LARSEN DAM
NOT TO SCALE BIG BASS LAKE, INC.

RESUTS OF
VISUAL INSPECTION

JULY 1981 EXHIBIT B-I

E LL "{"•'_______'___

1 I i S
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LARSIEN DAM

A. Embankment and Spillway

B. Exposed Corewali anid ur fa ce Erosion
Near Hight Abubtmentt



LARSEN DAM

C. Crack in Corewall

D. Embankinent Section to Lef t of Spillway

C-2



LARSEN DAM

E. Spilliway and Intake Structure[

11. Typical Concrete Oeterioration
at Spillway and Outlet Works

C -3*



LARSEN DAM

G. Embankment in Reservoir Area

W.k

H. Lake Lehigh Dam -Located 0.7 Mile Downstream

C-'4



D

[ .

INTAKE STRUCTURE 2- 24" DIA. OUTLET CONDUITS

"SPILLWAY FLOW
z

AECORETWALL

LOCATION AND ORIENTATION OF CAMERAM

B16 BASS LAKE, INC.
NOT TO SCALE GUIDE TO LOCATION

OF PHOTOGRAPHS

JULY i II EXHIBIT C-I1



APPENDIX D

HYDROLOGY AND HYDRAULICS



APPENDIX D

HYDROLOGY AND HYDRAULICS

Spillway Capacity Rating:

In the recommended Guidelines for Safety Inspection
of Dams, the Department of the Army, Office of the Chief
of Engineers (OCE), established criteria for rating the
capacity of spillways. The recommended Spillway Design
Flood (SDF) for the size (small, intermediate, or large)
and hazard potential (low, significant, or high) class-
ification of a dam is selected in accordance with the
criteria. The SDF for those dams in the high hazard
category varies between one-half of the Probable Ma..imum
Flood (PMF) and the PMF. If the dam and spillway are
no: capable of passing the SDF without overtopping
failure, the spillway capacity is rated as inadequate.
If the dam and spillway are capable of passing one-half
of the ?MF without overtopping failure, or if the dam is
not in the high hazard category, the spillway capacity
is not rated as seriously inadequate. A spillway
capacity is rated as seriously inadequate if all ot the
following conditions exist:

(a) There is a high hazard to loss oE life from
large flows downstream of the dam.

(b) Dam failure resulting from overtopping would
significantly increase the hazard to loss of life down-
stream from the dam from that which would exist just
before overtopping failure.

(c) The dam and spillway are not capable of
passing one-half of the PMF without overtoppingfailure.

Description of Model:

if the Owner has not developed a PM!F for the dam,
the watershed is modeled with the HEC-1DB computer
program, which was developed by the U.S. Army Corps of
Engineers. The HEC-IDB computer program calculates a
PMF runoff hydrograph (and percentages thereof) and
routes the flows through both reservoirs and stream
sections. In addition, it has the capability to
simulate an overtopping dam failure. By modifying the
rainfall criteria, It is also possible to model the 100-
year flood with the program,

H
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APPENDIX D

-I. AA'-A ,Z& River Basin
Name or Stream! 44.d460d ,/Vd " ,
Name of Dam: LAks,_ _
NDI ID No.: PA - QofA,7
DER ID No.: %.-Jo

Latitude: if 19/l~.T. ' Longitude: Al 7gO 7_7, I'Top of Dam Elevation:- 0,--'-•'*
Streambed Elevation:- Height of Dam: ft
Reservoir Storage at Top of Dam Elevation: &are-ft
Size Category:__ S___ _
Hazard Category: VA'% (see Section-5)
Spillway Design Flood: V'1AiE•a°e'>. ?' ro RMF

UPSTREAM DAMS

Distance Storage
from at top of

Dam Height Dam Elevation
Name (miles) (ft) (acre-ft) Remarks

* • 490.7 /0 61 /-/

D-2



DPI.OL A ZAL River Basin
Name of Stream: /• Aev•
Name of Dam: L 0F.0

DETERMINATION OF PMF RAINFALL& UNIT HYD10" !
UNIT HYDROGRAPH DATA:

Drainage
Sub- Area Cp Ct L L a L' T Map Plate
area (square miles miies miles hours Area

miles) (1) (2 (3) (4) (5) (6) (7) (8)

A-1 Z . AZ. 09 a. , NIA Z. L z6 7
-AL - 8.8 I. LLE Z. / ,A/L MIA Z..22 J o . B is

A-- 0.47 10.4a 9./ /.Sq 74 NIA Z.Z zA-4 a.7 7 &,.-5- Z.1 &A• 6/ t /.6_4 z S
SA-5 4.fa -,-0.4s Z. 1 5. 41 Z. &J N/A 5. 7S ?- A

A-40 6P./7 o-.4, 1z. I N/A N•/A 0.40 bt, I a
A-7 Z.01 2. Z. . /o/ N/A Z../ Z

Total S.31 ekeetcH on Sh et D-4)

(1) & (2): Snyder Unit Hydrograph coefficients supplied by
Baltimore District, Corps of Engineers on maps and |1
plates referenced in (7) & (8)

The following are measured from the outlet of the subarea:
(3): Length of main watercourse extended to divide
(4): Length of main watercourse to the centroid
The following is measured from the upstream end of the
reservoir at normal pool:
(5): Length of main wat rcourse extended to divide
(6): Tp-Ct x (L x Lca) ., except where the centroid of
the subarea i ocated in the reservoir. Then
Tp=Ct x (L') 8.1

Initial flow is assumed at 1.5 cfs/sq. mile
Computer Data: QRCSN - -0.05 (51% of peak flow)

RTIOR - 2.0
RAINFALL DATA:

PM,'F Rainfall Index= 7/.1 in., 24 hr., 200 sq. mile
Hydromet. 40 Hydromet. 33

(Susquehanna Basin) (Other Basins)Zone : N/A/
Geographic Adjustment

Factor: (+_ 1_.0
Revised Index

Rainfall: 01A
RAINFALL D ISTRIBUTION (percent)

Time Percent6 hours lb
12 hours
24 hours
48 hours 1,__.
72 hours
96 hours

D-3
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Data for Dam at Outlet of Subarea a-( (See sketch on Sheet D-4)

Name of Dam-: zAg AJAjrA wA OAM4

STORACE DATA: 7"-Ar pao" P=Z A4 'ASS -Z - r
PA dSA" wArAaW0A OAAI4

Storage
Area million

Elevation (acres) gals acre-ft Remarks

.-jELEVO* 0 0 0 SM"M
,---ELEV1 /Z5 -Al 'Aj" A 1 NM-S

* ELEVO - ELEV1 )(3Sl/A)

•** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is _ percent of subarea
watershed.

BRAHAA !AWA&4F AoN1A 4 VsS 1A/or "Qe~uI~Az~

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permissible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q - CLH1/ 2 . V-A and depth - (2/3) x H) & A * L'depth

HMAX - (4/9 V2 /C 2 ) - ft., C - ___ Top of Dam El.-_

HMAX + Top of Dam El.- - FAILEL
(Above is elevation at which failure woul4 start)

Dam Breach Data:

BRWID - ft (width of bottom of breach)
Z = _____ (side slopes of breach)

ELBM - (bottom of breach elevation, minimum of
zero storaqe elevation)

WSEL - (normal pool elevation)
T FAIL- _mins - hrs (time for breach to

develop)

L , -.-- - -- ~



Data for Dam at Outlet of Subarea /

Name of Dam: Z-Ags AIA7'AAA/A ,:AM

SPILLWAY DATA: r"M,4 P,4S* Ae0e• r Existing Design
*A ZPA- jUArAW-*A Conditions Conditions

Top of Dam Elevation 1e,, //A)
Spillway Crest Elevation /__o._
Spillway Head Available (ft) /.6
Type Spillway U164r waiz- -0 &--_
"C" Value - Spillway .
Crest Length - Spillway (ft) __,_

Spillway Peak Discharge (cfs) 3Zo
Auxiliary Spillway Crest Elev.
Auxiliary Spill. Head Avail. (ft)
Type Auxiliary Spillway
"C" Value - Auxiliary Spill. (ft) __

Crest Length - Auxil. Spill. (ft)
Auxiliary Spillway

Peak Discharge (cfs) _

Combined Spillway Discharge (cfs) _

Spillway Rating Curve:
Q Auxiliary

Elevation Q Spillway (cfs) Spillway (cfs) Combined (cfs)

OUTLET WORKS RATING: Outlet I Outlet 2 Outlet 3

Invert of Outlet oc.' " wogi-s
Invert of Inlet _

Type _
Diameter (ft) = D _

Length (ft) = L "_
Area (sq. ft) = A
N

K Entrance
K Exit _ _ __ __ _

K Friction=29.1N2L/R4/3
Sum of K
(1/K) 0.5 = C
Maximum Head (ft) = HM
Q = CA V2g(HM)(cfs)
Q Combined (cfs)

~ - -..



Data for Dam at Outlet of Subarea - (See sketch on Sheet D-4)

Name of Dam:_ 60ZoI&PcAOge PAM

STORAGE DATA:- PA-4•& X RU/ASZr AD.7" 64004MSO Aý'?

Storage
Area MIllion

Elevation (acres) gals acre-ft Remarks

-ELEVO 0 0 0
IS1.a-ELEVI Z6o-Al 5___f 2'D89 -Si

4op o. o ._____.. q ,

* ELEVO - ELEVi - (3S 1 /A1 )
** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is /0 percent of subarea

watershed.

BRAHDT 6.ZaA~q AVAe-A1S V~ O-r Z&8-a4/A,Ds

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permissible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q - CLH3/ 2 - VA and depth - (2/3) x H) & A - Lddepth

HMAX - (4/9 V2 /C 2 ) - ____ ft., C - ____Top of Dam El.-

HMAX + Top of Dam El. - - FAILEL
(Above is elevaticn at which failure would start)

Dam Breach Data:

BRWID __ ft (width of bottom of breach)
Z - (side slopes of breach)

ELBM- (bottoin of breach elevation, minimum of
zero stora elevation)

WSEL- (normal pool elevation)
T FAIL- _ mins - hrs (time for breach to

develop)



Data for Dam at Outlet of Subarea A-Z

Name of Dam: 6oediPoSA0 Am

SPILLWAY DATA: o Existing Design
94 - JdvP/1 7S Conditions Conditions

Top of Dam Elevation /_ __/. 7
Spillway Crest Elevation 1____
Spillway Head Available (ft) 7.7
Type Spillway 40Aesre DPeoP igr•
"C" Value - Spillway f_. g.o_
Crest Length - Spillway (ft) __ ._______ ZA£4¶2r, 40ewe:)
Spillway Peak Discharge (cfs) 14_2_-_
Auxiliary Spillway Crest Elev. /6_94%_._
Auxiliary Spill. Head Avail. (ft) __._ _

Type Auxiliary Spillway OP4e QN"A Mi4.
"C" Value - Auxiliary Spill. (ft) V/A
Crest Length - Auxil. Spill. (ft) /4o d&',jO'4 /•
Auxiliary Spillway

Peak Discharge (cfs) _7-70

Combined Spillway Discharge (cfs) 37112

Spillway Rating Cirve: AAOVS f Fr5"
Q Auxiliary

Elevation Q Spillway (cfs) Spillway (cfs) Combined (ctfs)

OUTLET WORKS RATING: Outlet 1 Outlet 2 Outlet 3
Invert of Outlet JA/ 11A• MIA*)

Invert of Inlet
Type
Diameter (ft) -D
Length (ft) a LArea (sq. ft) - A

N
SK Entrance
SK Exit

" IN2L/R4/3iK Friction=29.l
Sum of' K
(i/et) 0.5 -c
Maximum Head (ft) a HM

Q - CA V2g(HM)(cfs)
Q Combined (cfs)

N~~~~~~i _____ ____ ____



Data for Dam at Outlet of Subarea A-4 (See sketch on Sheet D-4)

Name of Dam: LZ/AC& RA A

STORAGE DATA: .A
9o CC~AY7Al. 4A"a OA,4i Storage

Area mnillion
Elevation (acres) gals acre-ft Remarks

Zo46.2 -ELEVO* 0 0 0
Zoj2s, -ELEVI a/s -Al /.-Ao -5fS1 -$I

1:2&49 0 *Zz * o

* ELEVO - ELEVI - (3S 1 /Al)
** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is 7l percent of subarea
watershed.

BREACL DATA: fAZ// At4 A4 • YiS NOr £-.- a '

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permilsible Velocity (Plate 28, EM 1110-2-1601) _ -_fps
(from Q - CLH•I 2 - VOA and depth - (2/3) x H) & A - L'depth

HMAX =(4/9 V2/C2) =ft., C - ._.__Tjop of Dam El.=

HMAX + Top of Dam El. - I FAILEL
(Above is elevation at which failure would start)

Dam Breach Data:

BRWID - ft (width of bottom of breach)
Z - (side slopes of breach)

ELBM - (bottom of breach elevation, minimum of
zero storage elevation)

WSEL - (normal pool elevation)
T FAIL- mins - hrs (time for breach to

develop)



Data for Dam at Outlet of Subarea A-4

Name of Dam: &eZ2FA1. ZAA PAA4
SPILLWAY DATA: r AqAZ & Existing Design

___________ 44YLSrA 4. 4Ae-&
•AM Conditions Conditions

Top of Dam Elevation z . ______A)

Spillway Crest Elevation 4_0_60. !9
Spillway Head Available (ft) _,_

Type Spillway eeAp - eD O#E7-E
"C" Value - Spillway Z Z'7
Crest Length - Spillway (ft) ?--1, a;
W.p:llway Peak Discharge (cfs) 615
Auxiliary Spillway Crest Elev. __

Au:,iliary Spill. Head Avail. (ft)
Type Auxiliary Spillway
"C" Value - Auxiliary Spill. (ft)
Crest Length - Auxil. Spill. (ft)
Auxiliary Spillway

Peak Discharge (cfs)
Combined Spillway Discharge (efs) +

Spillway Rating Curve: 62= ''?"= 71-7 #/'5

Q Auxiliary
Elevation Q Spillway (efs) Spillway (cfs) Combined (cfs)

OUTLET WCRKS RATING: Outlet 1 Outlet 2 Outlet 3
"' cNIA)

Invert of Outlet
Invert of Inlet
Type
Diameter (ft) - D
Length (ft) = L
Area (sq. ft) a A
N

K Entrance
K Exit
K Friction=29.1N2L/R4/3
Sum of K
(1/K) 0.5 - C
Maximum Head (ft) n HM
Q = CA V2g(HM)(cfs)
Q Combined (cfs)

:! D-I o



Data for Dam at Outlet of Subarea_,6-5 (See sketch on Sheet D-4)

Name of Dam: x4 -. A/14'ir4. OA M

STORAGE DATA: '-oA4 P4Ass -z o >e--r Fo-

Storage
Area million

Elevation (acres) gals icre-ft Remarks

.. m-ELEVO* 0 0 0
19o~o-ELEVI 1 -Al Z0 634 -Si _______

* ELEVO - ELEVI - (3SI/Al)
** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is / percent of subarea
watershed.

BREACH DATA: 8.AMA4 AV4'AY51-/S N -0//-

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permissible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q-CLH1/z - V'A and depth - (2/3) x H) & A - L'd-epthF-

HMAX - (4/9 V2/C2) - ft.# C_-_____Top of Dam El.-

HMAX + Top of Dam El. - - FAILEL
(Above is elevation at which failure would start)

Dam Breach Data:

BRWID - ft (width of bottom of breach)
Z- (side slopes of breach)

ELBM - (bottom of breach elevation, minimum of
zero storage elevation)

WSEL - (normal pool elevation)

T FAIL- _ mins - hrs (time for breach to
develop)

l)- 4



Data for Dam at Outlet of Subarea .-

Name of Dam: dPP6• lK01A.:9/ •

AP401A DSAT A RARtPZ Existing Design
SPILLWAY DATA: cocL 4 oh- Conditions Conditions

QWA el98o)

Top of Dam Elevation / 6A1. )

Spillway Crest Elevation 1ozo --a
Spillway Head Available (ft) .__,6_.

Type Spillway •eoAp- T•r 'er•

"C" Value - Spillway 7
Crest Length - Spillway (ft) /4_.0

Spillway Peak Discharge (cfs) ______

Auxiliary Spillway Crest Elev.
Auxiliary Spill. Head Avail. (ft)

Type Auxiliary Spillway
"C" Value - Auxiliary Spill. (ft)

Crest Length - Auxil. Spill. (ft)

Auxiliary Spillway
Peak Discharge (cfs)

Combined Spillway Discharge (cfs)

Spillway Rating Curve: a - /I° - 377/'9
Q Auxiliary

Elevation Q Spillway (cfs) Spillway (cfs) Combined (cfs)

OUTLET WORKS RATING: Outlet 1 Outlet 2 Outlet 3

Invert of Outlet __AI

Invert of Inlet
Type
Diameter (ft) = D
Length (ft) = L
Area (e,. ft) = A
N

K Entrance
K Exit
K Friction=2 9.1N2L/R 4 / 3

Sum of K
(1/K) 0.5 = C
Maximum Head ýft) = HM

Q = CA 2g(HM)(cfs)
SCombined (cfs)

L.- V



Data for Dam at Outlet of Subarea A-& (See sketch on Sheet D-4)

Name of Dam: 40wjA A.O.,I/P eA OA4

STORAGE DATA: 44w" PeAISP P Apo*T M o*.

Storage
Area million

Elevation (acres) gals acre-ft Remarks

/ . -ELEVO* 0 0 0
2'-- ELEV1 Z.• -Al 3/ S-$! 1/6A

/900.0 0k0.2 AWWAe

* ELEVO - ELEVI - (3S 1 /A1 )
** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is Z, percent of subarea
watershed.

BREACH DATA: ofxgA-q AAYUS-'5 A/oT I-O/i

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permissible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q - CLH/2 - V'A and depth - (2/3) x H) & A - L'depth

HMAX - (4/9 V2 /C 2 ) - _ ft., C - Top of Dam El.-

HMAX + Top of Dam El. - - FAILEL
(Above is elevation at which failure would start)

Dam Breach Data:

BRWID - ft (width of bottom of breach)
Z - (side slopes of breach)

ELBM - (bottom of breach elevation, minimum of
zero storage elevation)

WSEL- (normal pool elevation)
T FAIL- _mins- hrs (time for breach to

develop)

-D- .



Data for Dam at Outlet of Subarea A-..

Name of Dam: Low_ a A"W P/C6 )A*h

SPILLWAY DATA: Existing Design
SP_____AYDATA:~ sAow• Conditions Conditions

Top of Dam Elevation ,892 f, A.
Spillway Crest Elevation .
Spillway Head Available (ft) 4.5'
Type Spillway 0ZAKP-IasT& ezAcc-a

"C" Value - Spillway Z, .7 4.7
Crest Length - Spillway (ft) LL. /.

Spillway Peak Discharge (cfs) . 7 -4 ..

Auxiliary Spillway Crest Elev.

Auxiliary Spill. Head Avail. (ft)

Type Auxiliary Spillway
"C" Value - Auxiliary Spill. (ft)
Crest Length - Auxil. Spill. (ft)

Auxiliary Spillway
Peak Discharge (cfs)

Combined Spillway Discharge (cfs) _ _I

Spillway Rating Curve: 4?xe-L 1 373-/.
Q Auxiliary

Elevation Q Spillway (cfs) Spillway (cfs) Combined (cfs)

OUTLET WORKS RATING: Outlet 1 Outlet 2 Outlet 3

Invert of Outlet /a

Invert of Inlet
Type
Diameter (ft) - D
Length (ft) = L
Area (sq. ft) - A -
N
K Entrance

•.K Exit
KFriction-29.1N2LR/

S~Sum of K
(1/K) 0-5 - C .
Maximum Head (ft) - HM
Q - CA,/2g(HM)(cfs)
Q Combined (cfs)

_________-__________________________



Data for Dam at Outlet of Subarea_ _-7 (See sketch on Sheet D-4)

Name of Dam:_ _ _ _ _ _ _ _ _ _
STORAGE DATA-

Storage
Area million

Elevation (acres) Rals acre-ft Remarks

/ eSP ,.o -ELEVO* 0 0 0
- E L E V 1 .& , -A 1 1 3. Ifi, , -S 1 n wra

1219T. 7 0 _op Dot"

* ELEVO - ELEVi - (3S 1/Al)
** Planimetered contour -_ It.... 44 .4o . above top of dam

Reservoir Area at Normal Pool is 3 percent of subarea
watershed.

SBREACH DATA: K10T o%- • C

See Appendix B for sections and existing profile of the dam.

Soil Type from Visual Inspection:

Maximum Permilsible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q - CLH l2 - V-A and depth - (2/3) x H) & A - L'depth

HMAX - (4/9 V2 /C 2 ) - ft., C - ____Top of Dam El.-

HMAX + Top of Dam El. - - FAILEL
(Above is elevation at which failure would start)

Dam Breach Data:

BRWID - ft (width of bottom of breach)
Z - (side slopes of breach)

ELBM - (bottom of breach elevation, minimum of
zero storage elevation)

WSEL - (normal pool elevation)
T FAI' ,mins - hrs (time for breach to

develop)

Ik I



Data for Dam at Outlet of Subarea A-7

Name of Dam: . AQ .. .

SPILLWAY DATA: c - CL. Existing Design
Conditions Conditions

Top of Dam Elevation /SS•,7
Spillway Crest Elevation
Spillway Head Available (ft)
Type Spillway ,,z.tl"
"C" Value - Spillway 'A1.+ M
Crest Length - Spillway (ft) __,W5",____

Spillway Peak Discharge (cfs) 71.
Auxiliary Spillway Crest Elev. _

Auxiliary Spill. Head Avail. (ft)
Type Auxiliary Spillway
"C" Value - Auxiliary Spill. (ft)
Crest Length - Auxil. Spill. (ft)
Auxiliary Spillway

Peak Discharge (cfs)
Combined Spillway Discharge (cfs)

Spillway Rating Curve: * N tAOo. Fi "7\
Q Auxiliary

Elevation Q Spillway (cfs) Spillway (efs) Combined (cfe)

OUTLET WORKS RATING: Outlet 1 Outlet 2 Outlet 3

Invert or Outlet 32-L
Invert of Inlet LT.Oi7 I-
Type -

Diameter (ft) a D _____- _

Length (ft) - L____
Area (sq. ft) - A _______

N _1

K Entrance _,___

K Exit 1.00 __,_0

K Frictionu29.1N2L/RN/3 z3 ,___
Sum of K 1.• ____

(1/K) 0.5 a c _ _ _ _ __

Maximum Head (ft) - HM ___-__-____-

Q - CA/2g(HM)(cfs) .1 _ S3
Q Combined (cfs) /0(0
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NOTES:
1. LIMITS OF DOWNSTREAM FLOODING

ARE ESTIMATES BASED ON VISUAL
_ - OBSERVATIONS.

/2. CIRCLED NUMBERS INDICATE
STATIONS USED IN COMPUTER
ANALYSIS.

/1 ~3. THIS MAP SHOULD NOT BE USED
IN CONNECTION WITH THE

7 EMERGENCY OPERATION AND
WARINGPLAN.

LEHIGH RIVER4
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LAKE LEHIGH DAM

APPENDIX F

GEOLOGY

Larsen Dam is located in Wayne County within the
Appalachian Plateau Physiographic Province. The most
pronounced topographic feature in the area is Camelback
Mountain, which is part of the Pocono Plateau Escarpment.
This escarpment has a well defined, southwestward trend from
Camelback Mountain, but is irregular between Camelback
Mountain and Mt. Pocono, which lies to the norCh. Streams
east of the escarpment drain directly to the Delaware River,
while those to the west drain to the Lehigh River.

The Pocono Plateau Section lies to the west of the
escarpment. This area is relatively flat, with local relief
seldom exceeding 100 feet. The topography has been greatly
influenced by continental glaciation. Many features were
created by deposition of glacial materials. The entire plateau g
lacks we]l-developed drainage.

East of the escarpment is the Glaciated Low Plateaus
Section of the province. This area is characterized by pre-
glacial erosional topography with locally thick glacial
deposits. Local relief is generally 100 to 300 feet.

Bedroc!. units of the sections described above are the
lithifi.ed sediments of offshore marine, marginal marine,
deltaic and fluvial environments associated with the Devonian
Period. These units include siltstones of the Mahantango
Formation, siltstones and shales of the Trimmers Rock
Formation, and scven mapped members of the Catskill Formation.
These members include sandstones, siltstones, and shales of the
Towvamensing Member; sandstone, siltstone and shal(s of the
Walcksville Member; sandstones, siltstones, ind shale of the
Beaverdam'Run Member; sandstone and shale of the Long Run
Member; sandstones and conglomerates in the Packerton Member;
sandstone and some conglomerates in the Poplar Gap Member; and
sandstones and conglomerates in the Duncannon Member.

Larsen Dam in underlain by the Duncannon Member of the
Catskill Formation. The Duncannon Member is predominantly a
conglomerate and sandstone unit with some red siltstone and
shale. Conglomerates present are generally thick-bedded with
subangular to well-rounded quartz pebbles in a coarse-grained
sandstone matrix. They are very well indurated and have low
porosity due to silica cementation. The sandstones are
predominantly fine- to medium-grained, thin- to thick-bedded
and well-indurated with a clay and silica cement. Red



sandstones near the top of the unit grade into red siltstone
and shale, marking the content with the Spechty Kopf Formation.
The Duncannon Member maintains very steep cut slopes and ir
reported to be an excellent foundation for heavy structures.

Bedrock is almost entirely overlain by glacial till of
Late Wisconsin Age. This till is basically an unsorted
mixture of clay, silt, sand, and gravel. It is moderately
cohesive and is generally derived locally from the sandstones
of the Catskill Formation. Thitkness of the till varies from
3 to 100 feet, with an average thickness of 45 feet. Available
information indicates that the dam is probably founded on this
till.
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