’ AD=A101 255 GANNETT FLEMING CORDDRY AND CARPENTER INC HARRISBURG PA F/6 13/13
NATIONAL DAM INSPECTION PROGRAM. BUNNELL'S POND DAM (NDI ID NUM==ETC(U)
MAR 81 F FUTCHKO DACW31-81=C~0018

NI

UNCLASSIFIED

L
| |

e | B

[ 8




DELAWARE RIVER BASIN
CARLEY BROOK, WAYNE COUNTY
%

" PENNSYLVANIA

| = LEVEL &

E BUNNELL’S POND DAM
T NDI ID NO. PA-00170
a
<<

-

DER ID NO. 64-29

WILLIAM SELAND

PHASE 1 INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

National Dam Inspection Programs Bune
nellts Pond Dam (NDI ID Number ;’A-wm 70,
gER ID Number 64=29), Delaware River D l IC
asin, Carley Brook, Wayne Count
Ys T

Pennsylvania.
Report, Phase I Inspection

Prepared by
GANNETT FLEMING CORDDRY AND CARPENTER, INC.
Consulting Engineers *O0ripinnl ¢t s eclior
Harrisburg, Pennsylvania 17105  plates: A1: L1IC reprocduct-
lons will be in black and

l-@mlw 31: gL-C—-@PLE ) wnirer

For
DEPARTMENT OF THE ARMY
Baltimore District, Corps of Engineers

Baltimore, Maryland 21203
T DISTRIRUT.ON STATEMUNT A \

Api-:rovn‘j for r_".,‘_}r‘;’ic relecse;

MARCH 1981
Distribution Unlimited

81 ¢ 10 008

DTIC Fice CoPY

-




DELAWARE RIVER BASIN
CARLEY BROOK, WAYNE COUNTY

PENNSYLVANIA

BUNNELL'S POND DAM

NDI ID No. PA-00170
DER ID No. 64-29

WILLIAM SELAND

PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

Prepared by

GANNETT FLEMING CORDDRY AND CARPENTER, INC.
Consulting Engineers
P.0. Box 1963
Harrisburg, Pennsylvania 17105

For
DEPARTMENT OF THE ARMY

Baltimore District, Corps of Engineers
Baltimore, Maryland 21203

MARCH 1981

|
!
|




PREFACE

This report is prepared under guidance contained in
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314, The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
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. 1In cases where the reservoir was
lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions
which might otherwise be detectable if inspected under the
normal operating environment of the structure,.

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 tc 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: Bunnell's Pond Dam
NDI ID No. PA-00170
DER ID No. 64-29

Size: Small (17 feet high; 339 acre-feet)
Hazard

Classification: High

Owner: Mr. William Seland

587 Cl1iff Road
Honesdale, PA 18431

State Located: Pennsylvanila
County Located: Wayne

Stream: Carley Brook
Date of Inspection: 12 November 1980

Based on the criteria established for these studles,
Bunnell's Pond Dam 1s judged to be unsafe, nonemergency, because
the splllway capacity 1s seriously inadequate. The recommended
Spillway Design Flood (SDF) for the size and hazard
classification of the dam varies between 1/2 of the Probable
Maximum Flood (PMF) and the PMF, Based on the size of the dam
and reservoir, the 1/2 PMF 1s selected as the SDF. The existing
splllway will pass only about 18 percent of the PMF before
overtopping of the dam occurs. It is Judged that the dam could
not withstand the depth and duratlon of overtopping that would
occur during storms greater than 25 percent of the PMF. Fallure

‘of Bunnell's Pond Dam would cause an increased hazard for loss of

1ife downstream.

Overall, the dam 1is consldered to be 1n fair condition.
Several deficlencles were observed, all of which are considered
to be minor. Although some maintenance has been performed, the
existing maintenance program should be upgraded.
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The following studles and remedial measures, listed in
approximate order of priority, are recommended to be undertaken
by the Owner wlthout delay:

(1) Perform additional studlies to more accurately ascertain
the spillway capacity required for Bunnell's Pond Dam and develop
alternatives to provide adequate splllway capacity. Take
appropriate action as required.

(2) Remove the debris and sediment which has collected
behind the outlet works slulce gate so that the gate can be
operated if necessary.

(3) Develop a method for drawing down the reservoir in case
of an emergency. If a pipe i1s placed through the embankment, it
should be provided with an upstream closure facility.

(4) Monitor the seepage and bulging of the masonry wall at
the left end of the dam and the undermining of the concrete apron
at the base of the splllway. Take appropriate action if any
condlition worsens.

(5) The deteriorated concrete on the top of dam, splllway
and outlet works; and stones missing from the downstream face of
the dam do not requlre any speclal attention at the present time.
They should, however, be closely observed during all future
inspections of the dam.

All investigations, studles, designs, and inspection of
construction should be performed by a professlional engineer
experlenced in the design and construction of dams.

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

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

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

(3) 1Initlate an inspectlion program such that the dam is
‘Inspected on a regular basis. As presently required by the
Commonwealth, the inspection program should include a formal
annual inspection by a professlional englneer experienced in the
design and construction of dams. Utilize the inspection results
to determine if remedlal measures are necessary.

(4) Expand the existing maintenance program and develop a 3
formal maintenance manual so that all features of the dam are
properly maintainec.
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‘16 feet. The downstream face of the spillway is constructed of

BUNNELL'S POND DAM

NDI ID No. PA-00170; DER ID No. 64-29

PHASE I INSPECTION 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 initlate a program of inspection of dams throughout
the Unilted States.

b. Purpose. The purpose of the i1nspection 1s to determine
if the dam constitutes a hazard to human life or property.

1.2 Description of Project.

a., Dam and Appurtenances. Bunnell's Pond Dam 1is an
earthfl1ll structure with a vertical, dry stone masonry wall
forming the downstream face of the dam. The dam 1is approximately
235 feet long, 1ncluding the splillway and outlet works, and 17
feet high. The top width of the dam 1s 16 feet. The upstrean
slope to the left of the spillway is grass covered and has a
slope of approximately 1V on 3H. The upstream slope and part of
the shorellne to the right of the spillway 1s protected by a near
vertical stone wall, the top of which 1s about 3 feet above the
normal pool level. A 50-foot long concrete corewall, constructed
after the 1952 flood, extends from the right end of the outlet
works 1into the right abutment of the dam.

The splllway, located near the center of the dam, 1s a
two-stage, concrete, broad-crested welr whilch discharges in a
stralght drop to the stream channel below the dam. The spillway
has a crest elevation of 1079.0 feet which 1s 4.2 feet below the
top of dam. It n1as a crest length of 116 feet and crest width of

stone masonry. The upstream side 1s faced with a one-foot thick
concrete wall which extends 6 feet below the spillway crest.

The outlet works, located to the right of the spillway near
the right abutment of the dam, 1s a four-foot wide concrete
sluiceway with a manually operated steel gate on the upstream
end. The gate, in 1ts lowered position, allows the reservolr
pool to be maintained at the splllway crest. With the gate in




the raised position the sluiceway can be used to lower the
reservolr pool 2.9 feet below the splllway crest level.

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 1s included in Appendix F.

b. Location.” Bunnell's Pond Dam 1s located on Carley Brook
in Honesdale Borough, Wayne County, Pennsylvania. The dam 1is
shown on USGS Quadrangle, White Mills, Pennsylvanlia, at latitude
N 41° 35.,1' and longitude W 75° 14,8', A location map is shown
on Plate E-1.

c. Size Classification. Small (17 feet high, 339
acre-feet).

d. Hazard Classification. Downstream conditions indicate
that a high hazard classification 1s warranted for Bunnell's Pond
Dam (Paragraphs 3.le and 5.1lc).

e. Ownership. Mr. William Seland, 587 Cliff Road,
Honesdale, PA 14431,

f. Purpose of Dam. Recreation.

g. Design and Construction History. The dam was
constructed sometime prior to 1914, No information concerning
the design and construction of the original structure or 1its
operating history prior to 1914 is available. A number of
modifications were made to the dam in 1942. They included:

(1) Capping of the spillway crest and side walls with
12 inches of relnforced concrete. The cap covering the spilliway
crest was made to extend 12 inches beyond the downstream face of
the danm.

(2) Capping of the top of the dam to the right of the
spillway with 8 inches of reinforced concrete.

(3) Construction of a 12-inch thick cutoff wall against
the upstream side of the dam and spillway. The wall was to
extend from the top of the dam to an impervious foundation. (The
plans prepared in 1952 show the cutoff wall extending 6 feet
below the splllway crest.)

The right abutment of the dam was overtopped and breached in
July 1952. The abutment area was apparently lower than the dam
1tself since the dam was not overtopped. It 1s reported that a
maximum of 6 inches of water was flowlng over the abutment area
Just prior to fallure. Modifications performed to the dam
following thils flood included:




(1) Construction of a concrete corewall across the area
where the breach occurred. The plans (see Appendix E) show that
the corewall was to extend from the right end of the outlet works
into the right abutment area. The total length of the wall was
to be 50 feet.

(2) Widening of the splllway to approximately twice 1ts
original width.

According to photographs contalned in the filles of the
Bureau of Dams and Waterway Management, Department of
Environmental Resources, Commonwealth of Pennsylvania (PennDER),
no major modifications have been made to the dam since 1952,

h. Normal Operational Procedure. The reservolr pool is
maintalined at the spillway crest level wlth excess inflows
discharging over the splllway. Although it 1s seldom used, the
outlet works can be used to lower the reservolr 2.9 feet below
the splllway crest.

1.3 Pertinent Data.

a. Drainage Area. (square miles) 11,0

b. Discharge at Damsite. (cfs)

Maximum known flood Unknown
Qutlet works at maximum pool

elevation 235
Spillway capaclty at maximum pool

elevation 2475

c. Elevation. (feet above msl.)

Top of dam 1083.2
Maximum pool 1083.2
Normal pool (spillway crest) 1079.0
Upstream invert outlet works 1076.1
Downstream invert outlet works 1075.4
Streambed at toe of dam 1066.0

d. Reservoir Length. (miles)

Normal pool 0.63
Maximum pool 0.74

e. Storage. (acre-feet)

Normal pool 160
Maximum pool 339

f. Reservolir Surface. (acres)

Normal pool 37
Maximum pool 51
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h.

1.

Length (feet)

Height (feet)

Top Width (feet)

Side Slopes
Upstrean

Downstream

Zoning
Cutoff

Grout Curtailn

Dlversion and Regulating Tunnel.

Spillway.
Type

Earthfill
with ver-
tical, dry
stone
masonry
wall on
downstrean
side

235, in-
cluding
splllway

17
16

Vary;
average 1s
about 1V
on 3H

Vertical
None

Concrete
wall on up-
stream face
of dam ex-
tends 6 feet
below
spillway
crest

None

None

Two stage,
rectangular,
concrete
broaderested

welr




1, Spillway. (Cont'd.)

Length of Weir (feet)

First Stage
Second Stage

Crest Elevation (feet above msl.)

First Stage
Second Stage

Upstreanm Channel

Downstream Channel

j. Regulating Outlets.

e

58
58

1079.0
1079. 4

Reservolr

Natural
Stream

Four-foot
wide gated
sluiceway
wlth up- *
stream in-
vert eleva-
tion 1076.1
feet




SECTION 2
ENGINEERING DATA

2.1 Design.

a. Data Available. Deslgn information for Bunnell's Pond
Dam includes:

(1) A sketch prepared in July 1942 for proposed repairs
and modifications to the dam.

(2) Design plans, prepared in August 1952, for
enlarging the spillway and repalring the breach in the right
abutment caused by the flood of July 1952,

No design calculations are avallable.
b. Design Features. The project 1s described in

Paragraph 1.2a. The various features of the dam are shown on the
photographs in Appendix C and on Plates E-2 through E-4.

¢c. Design Considerations. Design information for the dam
i1s somewhat sketchy and 1s not considered sufficient to assess
the design of the dan.

2.2 Construction.

a. Data Avallable. There 1s very little information
concerning the original construction of the dam and subsequent
modifications to it. According to 1Information contained in the
files of PennDER the 1952 modificatlions were performed in
accordance with the design plans.

b. Construction Considerations. There are insufficient
data to assess the construction of the dam.

2.3 Operation. There are no formal records of operatlon.
Records of inspections performed by the Commonwealth are
available for the period from 1924 to 1965. A summary of the
inspection reports 1s included in Appendix A.

2.4 Evaluation.
a. Avallability. Engineering data were provided by

PennDER. The Owner was avallable for informatlon during the
visual inspection.

b. Adequacy. The type and amount of avallable design and
other engineering data are limited. The assessment of the dam 1is
based on the combination of available data, visual inspection,
performance history, hydrologic and hydraulic assumptions, and
calculations developed for this report.
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c. Validity. There is no reason to question the validity
of the available data.
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. ~The overall appearance of the dam and
appurtenant structures 1s fair. —~ Ncteworthy deflciencles observed
are described in the following parzgraphs. The complete visual
inspection checklist and sketch of She dam are presented in
Appendix B. A profile of the top of the dam 1s included in
Appendix E. On the day of the inspection, the reservoilr pool was
at the level of the splllway crest.

b. Embankment. The embankment is In generally fair
condition. The upstream slope, protected wlth a stand of grass
on the left end of the dam and with heavy stone on the right end,
shows no signs of distress or erosion. The top of the earth
portion of the dam 1s covered with a good stand of grass. A
ten-foot section of the masonry wall on the downstream slide of
the dam to the left of the splllway 1s bulged outward
approximately 6 inches. This conditlon was observed durirg
inspections by the Commonwealth as early as 1930. The inspection
reports also indicated that the condition seemed to have
stabilized by 1937. By comparing the present condition with that
shown 1n photographs taken in 1937, the bulging does not appear
to have worsened during the intervening 44 years. Clear seepage
was observed at the toe of the dam in the vicinity of the bulged
area. The flow rate at the time cof the inspection was estimated
at 1/2 gallon per minute (gpm). The concrete cap on the top
of the dam between the splllway and outlet works 1s spalled. The
condition 1s surficial in nature and 1s not consldered to affect
the integrity of the dam.

¢. Appurtenant Structures. Overall, the spillway is in
fair condition. The low~flow sectlon of the concrete welr shows
signs of eroslion. The remalnder of the weir has also experienced
minor eroslon and cracking. The concrete apron at the base of
the spilllway 1s somewhat deteriorated and undermined
approximately one foot. The downstream end of the left spillway
wall is deteriorated at the base. The concrete 1s spalled to a
depth of about 5 inches. Stones are missing from the downstreanm
face of the spilllway at several locations. Most of the

‘downstream toe and upstream side of the spllliway was submerged

and could not be inspected.

The outlet works gate has not been operated recently and has
a substantlial amount of sediment and debris built up behind 1it.
Leakage around the edges of the gate was estimated at 10 gpm.
The concrete surfaces of the outlet works are cracked and
spalled.
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d. Reservolr Area. The watershed 1is approximately 50
percent wooded and 50 percent farmland. Several small ponds and
reservoirs are located within the watershed. The hills 1n the
area rise to a maximum of about 640 feet above the reservoir
surface and are gently to moderately sloping.

e. Downstream Conditions. One bullding containing two
seasonal dwellings i1s located just downstream from the left end
of the dam., One permanent reslidence 1s located approximately 150
feet downstream from the dam on the right stream bank. More than
a few lives could be lost in the event of a failure of Bunnell's
Pond Dam. Freethy Dam is located approximately 1.3 miles
downstream from Bunnell's Pond Dam. Very little development has
taken place in the floodplain between the two dams.




SECTION 4

OPERATIONAL PROCEDURES

4,1 Prccedure. The reservolr 1s normally maintained at the
level of the splllway crest with excess inflows discharging over
the spillway and into the downstream channel.

4,2 Maintenance of Dam. There are no established procedures for

maintenance of the dam. Malntenance work has generally been
performed on an unscheduled baslis. Although the dam 1s checked
perlodically by the Owner, no formal reports are malntained.

4,3 Maintenance of Operating Facilities. There 1s no
established procedure for maintenance of the outlet works
facilities.

4,4 warning Systems in Effect. There is no emergency operation
and warning system for the dam.

4,5 Evaluation of Operational Adequacy. Although some
maintenance 1s performed, the current program 1s inadequate,
Inspections are necessary to detect hazardous conditions at the
dam. An emergency operatlon and warning system 1s necessary to
reduce the risk of dam fallure should adverse conditions develop
and to prevent loss of life should the dam faill.




SECTION 5
HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features.

a. Design Data. There are no hydrologlc or hydraulic
design calculations avallable for Bunnell's Pond Dam. According
to a report prepared by the Commonwealth, the spillway as
redesigned in 1952 was to have a capacity of 2,570 cubic feet per
second (efs). This figure compares favorably with the spillway
capacity calculated in Appendix D of thls report.

b. Experlence Data. A fallure of the right abutment of the
dam occurred in July 1952 as a result of overtopping of a low
section of the abutment by approximately six inches. The dam
itself was, reportedly, not overtopped and therefore suffered no
damage. The depth of flow through the splllway was estimated at
four feet at the peak of the storm. Damage downstream included
washout of two roads, complete destruction of an o0ld cheese
factory, and flooding of one home. At the time of the fallure,
the bridge located 150 feet downstream from the dam had 6 feet of
water flowlng over 1ts deck.

The dam also sustained minor damage durlng the flood of
1942, However, no information is available which documents the
reservolr pool level or damages sustalned.

No other failures of the dam or its appurtenant structures
are known to have occurred during the recent history of the dam,
No rainfall, runoff, or reservolr level records are available,

¢. Visual Observations.

(1) General. The visual inspection of Bunnell's Pond
Dam, which 1s described in Section 3, resulted in a number of
observations relevant to hydrology and hydraulics.

(2) Embankment. The top of the embankment is fairly
uniform, having a minimum elevation of 1083.2 feet at the left
end of the spillway. The low area at the right abutment of the
dam was raised during the repairs of 1952, thereby decreasing the
chances of a fallure of the type that occurred in 1952. Although
most of the embankment could withstand some overtoppling, the area

‘at the toe of the dam adjacent to the left end of the splllway

would be particularly susceptible to scouring caused by water
discharging over the nearly vertical 8-foot high downstream face
of the dam,

(3) Appurtenant Structures. No condition was observed
that would indicate that the spillway could not operate
satisfactorily in the event of a flood. The operabllity of the
outlet works, however, 1s gquestionable because of the debris and
sediment that has collected behind the gate.
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(4) Reservolr Area. Several small ponds and reservoirs
are located within the Bunnell's Pond watershed. Two of the
reservoirs, SCS PA-420 and Upper Wilcox Pond, were included 1in
the hydrologic and hydraulic analysis. SCS PA-420 i1s an
earthfi1ll dam approximately 33 feet high and has a maximum
storage capacity of 201 acre-feet. The purpose of the dam is
flood retention. Upper Wilcox Pond has a dam approximately 18
feet high and has a maximum storage capacity of 623 acre-feet.

(5) Downstream Conditions. One bullding containing two
seasonal dwelllngs 1s located just downstream from the left end
of the dam. The first floor of this buillding 1is about 8 feet
below the top of dam. One permanent residence is located
approximately 150 feet downstream from the dam on the right
streambank. Both residences could be flooded in the event of a
fallure of the dam. Freethy Dam 1s located 1.3 miles downstrean
from Bunnell's Pond Dam. Failure of Bunnell's Pond Dam could
contribute to conditions leading to a failure of Freethy Dan.
Very little development has taken place in the low-lying areas
between the two dams.

d. Overtopping Potential. !

(1) Spillway Design Flood. According to the criteria
established by the Office of the Chief of Engineers (OCE), the
Spillway Design Flood (SDF) for the size (small) and hazard
potential (high) of Bunnell's Pond Dam 1s between one-half of the
Probable Maximum Flood (PMF) and the PMF. Since the dam and
reservoir are on the low end of the small size category, the 1/2
PMF was selected as the SDF for Bunnell's Pond Dam. The
watershed and reservoir were modeled with the U.S. Army Corps of
Engineers' HEC-1DB computer program. A description of this
computer program is included in Appendix D. The assessment of
the hydrology and hydraulles 1s based on existing conditions,
without conslderation of the effects of future development.

(2) Summary of Results. Pertinent results are
tabulated at the end of Appendix D. The analysls reveals that
; Bunnell's Pond Dam can pass about 18 percent of the PMF before
. overtopplng of the dam occurs.

(3) Spillway Adequacy. The criteria used to evaluate
the splllway adequacy of a dam are described in Appendix D,
Since the dam could not pass the 1/2 PMF and was consldered to
‘fall durilng storms of only 25 percent of the PMF, a breach
analysis was performed to ascertaln the impact of the failure on
the downstream area. The conditlons contributing to failure of
the dam, as well as 1ts fallure mode, are included in Appendix D.
It was found that fallure of the dam during 25 percent of the PMF
would cause a discharge from the reservoilr of nearly 4,700 cfs
greater than that which would occur 1f the dam were not to fail.
This represents an increased hazard for loss of life immediately
downstream from the dam and, sccordingly, the splllway capacity
of Bunnell's Pond Dam is rated as seriously inadequate.
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) General. The visual inspection of Bunnell's Pond
Dam, which 1s descrlibed in Section 3, resulted in a number of
observatlions relevant to structural stability. These
observations are evaluated herein for the various features.

(2) Embankment. The bulged masonry wall at the left
end of the dam 1s generally the type of deficiency which
indicates a potential stability problem for a dam. However, as
previously mentioned, the bulge was observed as early as 1930 and
appeared to have stabilized by 1937. In as much as this
condition does not seem to have worsened since that time, 1t is
not consldered to be a serious threat to the structural stability
of the danm.

The seepage observed at the toe of the dam and
spalled concrete cap to the right of the spillway are not, at
this time, consldered detrimental to the stability of the dam.

(3) Appurtenant Structures. The concrete apron at the
base of the spillway does not appear to have been a design
feature of the dam as 1t does not appear in early photographs of
the dam or 1n the plans for the 1952 modifications. Apparently,
it was added sometime during or following the construction work
performed in 1952. Although the reason for the addition of the
apron 1s unknown, the undermlning and deterioration of it are
not consldered to adversely affect the stability of the dam or
spillway at this time. The other deficiencles observed are not
considered to have an adverse effect on the stability of the dam
or splllway.

The conditions observed at the outlet works are not
considered to serlously affect the stabllity of the dam.

b. Design and Construction Data. No calculations of
embankment or splllway stabillity are avallable. However, nothing

'in the design plans or construction correspondence indicates any

concern for the stabllity of the structure.

c. Operating Records. There are no operating records
malntained for Bunnell's Pond Dam and Reservolr. The operating
procedures followed by the Owner do not indicate cause for
concern relative to the structural integrity of the danm.
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d. Post-construction Changes. The modifications listed
previously do not appear to adversely affect the structural
stabllity of the dam.

e. Seismic Stability. Bunnell's Pond Dam 1s located in
Seismlic Zone 1 where earthquake loadings are not considered to be
significant for small dams with no readlly apparent stability
problems. Since no readlly apparent stability problems were
observed, the selsmic stabllity of the dam is considered to be
adequate.

14
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND

PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety.

(1) Based on criteria established for these studies,
Bunnell's Pond Dam 1s Jjudged to be unsafe, nonemergency, because
the spillway capaclty 1s serlously inadequate. The recommended
Spillway Design Flood (SDF) for the size and hazard
classification of the dam varies between the 1/2 PMF and the PMF.
Based on the slze of the dam and reservolr, the 1/2 PMF is
selected as the SDF. The existing spillway will pass about 18
percent of the PMF before overtopping of the dam occurs. It is
Judged that the dam could not withstand the depth and duration of
overtopping that would occur during storms greater than 25
percent of the PMF. Fallure of Bunnell's Pond Dam would cause an
increased hazard for loss of 1ife downstream.

(2) Overall the dam 1s considered to be 1n fair
condition. Several deflclencles were observed, all of which are
considered to be minor.

(3) Although some maintenance has been performed, the
exlsting malntenance program should be upgraded.

(4) A summary of the features and observed deficlencles
18 as follows:

Feature Observed Deficlency

Embankment Bulged masonry wall on
downstream face; seepage at
toe; spalled concrete cap.

Spillway Eroded and cracked welr;
deteriorated and undermined
apron at base; deteriorated
left tralining wall at
downstream end; stones
missing from downstream face.

Outlet Works Cracked and spalled concrete;

debris and sediment at
upstream end.

15
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b. Adequacy of Information. The information availlable 1s
such that an assessment of the condition of the dam can be
inferred from the combination of avallable data, visual
inspection, past performance, and computations performed as part
of this study.

¢c. Urgency. The recommendations in Paragraph 7.2 should be
implemented without delay.

d. Necessity for Further Investigations. In order to
accomplish the remedlal measures outlined in Paragraph 7.2,
further investigations by the Owner wlll be required.

7.2 Recommendations and Remedlial Measures.

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

(1) Perform additional studles to more accurately
ascertaln the splllway capaclty required for Bunnell's Pond Dam
and develop alternatives to provide adequate splllway capacity.
Take approprlate action as required.

(2) Remove the debris and sediment which has collected
behind the outlet works slulce gate so that the gate can be
operated if necessary.

(3) Develop a method for drawing down the reservoir in
case of an emergency. If a plipe 1s placed through the
embankment, 1t should be provided with an upstream closure
facility.

(4) Monitor the seepage and bulging of the masonry wall
at the left end of the dam and the undermining of the concrete
apron at the tase of the splllway. Take approprilate action 1if
any condition worsens.

(5) The deteriorated concrete on the top of dam,
splllway and outlet works; and stones missing from the downstream
face of the dam do not requlre any speclal attentlon at the
present time. They should, however, be closely observed during
all future inspections of the dam.

All investigations, studles, designs, and
inspection of construction should be performed by a professional
engineer experienced 1in the design and construction of dams.

16




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

(1) Develop a detalled emergency operation and warning
system for Bunnell's Pond Dam. When warnings of a major storm
are glven by the National Weather Service, the Owner should
activate the emergency operation and warning system.

(2) During perilods of unusually heavy rains, provide
round-the-clock survelllance of the dam.

(3) 1Initiate an inspection program such that the dam is
inspected on a regular basls. As presently regquired by the
Commonwealth, the 1nspection program should include a formal
annual 1nspectlon by a professional engineer experienced in the
design and construction of dans. Utllize the inspectlon results
to determine 1f remedlal measures are necessary.

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

L. ammerea
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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 SNDF for those dams in the high hazard
category varies between one-half of the Probable Maximum
Flood (PMF) and the PMF. If the dam and spillway are
not 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 PMF 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 of the
following conditions exist:

(a) There is a high hazard to loss of 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.

(¢) The dam and spillway are not capable of
passing one-half of the PMF without overtopping
failure.

Description of Model:

I1f the Owner has not developed a PMF 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-1DB 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.
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APPENDIX D
DELAWAEE EBivEL BAZ/AN River Basin

Name of Stream: JAELEY RBAD

Name of Dam: BINNELL'S POND DPANM

NDI ID No.: PA-L£D/70

DER ID No.: &g -79
Latitude: N 41° 28,/ Longitude: L/ 75° /4.8’
Top of Dam Elevation: [1082.2 ££.
Streambed Elevation: b6b6.0 £+, Height of Dam: /7 ft
Reservoir Storage at Top of Dam Elevation: 229 acre-f{t
Slze Category: SMAELL
Hazard Category: ey (see Section 5)

Spillway Design Flood:_ 72 pMr 70 EMF Lus=s Vo = -
ZEE gl op £)

UPSTREAM DAMS

Distance Storage
from at top of l
Dam Height Dam Elevation
Name (miles) (ft) (acre-ft) Remarks
=cs FA42O 2.2 ZZ Zo/ DEE 15 d-1B5
UPPER w i ioX 2.9 /182 622 DEE [2 al-5F

DOWNSTREAM DAMS
FLEETFY YA Z6 87 CEL 12 oo/
D-2




PEIANARE River Basin

Name of Stream: CACLEY RROOK
Name of Dam: Z wAzei’s poNe AN
DETERMINATION OF PMF RAINFALL & UNIT HYDROGRAPH
UNIT HYDROGRAPH DATA:

Drainage
Sub- Area Cp | Ct L L.a L' Tp Map |Plate
area | (square miles mifes miles | hours | Area

miles) M| @ 3 (4) (5) (6) (7) (8)

A-1 29 o4s51/,23| LES o7& N/A .23 / A
A-Z p.& o4s 1122 | Na /b 0. =1 0. 82 / A,
A3 7.& od4s | 123 7.29 3.5/ ALE 2.27 / A
Totall /.o | (See Sketch on Sheet D-4)

(1) & (2): Snyder Unit Hydrograph coefficients supplied by

Baltimore District, Corps of Engineers on maps and
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 watsrcourse extended to divide

(6): Tp=C¢ x (L x Log) +3, except where the centroid of

the subarea i8 located in the reservoir. Then

Tp=C, x (L') V.6
Initial ffow is assumed at 1.5 cfs/sq. mile
Computer Data: QRCSN = -0.05 (5% of peak flow)

RTIOR = 2.0
RAINFALL DATA:
P!F Rainfall Index= Z/ 2z 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: 21.2
RAINFALL DISTRIBUTION (percent)
Time Percent
6 hours /O
12 hours 122
24 hours /22
48 hours | 4
72 hours A /A

96 hours AN/
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Data for Dam at Outlet of Subarea_A-; (See sketch on Sheet N-4)

Name of Dam: SCs PA - 420

(]

(t
Y

STORAGFE DATA: THE FOLLOWING DATA wWAS TALEN FELoM 7HE Prit

LEPORT frFor Scs PR-420, MAY /1980

Storage
Area million

Elevation (acres) gals acre-ft Remarks
/272.7 _ =ELEVO* 0 0 0

28/ 4 __=ELEV1 2.3 =Al =51 o
LZEZ.o —_—52 —
2900 - ZA
29,0 —Z2

200.0 —LZ:2 R -
LEo£.0 (4.5

* ELEVO = ELEV1 - (3S9/41)
** Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is percent of subarea
watershed,

BREACH DATA: ReracH ANaLYS = NO7T EEQU/EED
See Appendix B for sections and existing profile of the dan.

Soil Type from Visual Inspection:

Maximum Permigsible Velocity (Plate 28, EM 1110-2-1601) fps
(from Q = CLH /2 = y+A and depth = (2/3) x H) & A = L-+depth
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 FAlL= mins = hrs (time for breach to

develop)




Data for Dam at Outlet of Subarea A-/

Name of Dam: SCS  PA-L20
SPILLWAY DATA: JZ&er 20 PUas€ 2 pyisting Design
AoAy /éé;>“ FA-420,  conditions Conditions
Gty
Top of Dam Elevation 2204, 3
Spillway Crest Elevation 1284 D
Spillway Head Available (ft) 27.9
Type Spillway DEOP N2 =T
"C" Value - Spilllway 2.& (o&/FE)
Crest Length - Spillway (ft) N4
Spillway Peak Discharge (cfs) /130
Auxiliary Spillway Crest Elev. 1295, 2
Auxiliary Spill. Head Avail. (ft) £.9
Type Auxiliary Spillway VEG ETATE D AN, EL
"C" Value - Auxiliary Spill. (ft) .7
Crest Length - Auxil. Spill. (ft) 1=
Auxiliary Spillway
Peak Discharge (cfs) ££90
Combined Spillway Discharge (cfs) 720

Spillway Rating Curve:
Q Auxiliary
Elevation Q Spillway (cfs) Spillway (cfs) Combined (cfs)

81 G O )
(2B & s =
/2BE.0 /1 17
/1290.0 /7 /7
[ZP0. 8 22 2

_1298.4 108 o 0=
/12996 % /2] 427 &5
/200.&é 123 /(65 M
/xo2.2 /2& 275/ 7877
204.2 } 30 _E£590 E7zZ0

OUTLET WORKS RATING: Outlet 1 Outlet 2 OQutlet 3

Invert of Outlet 004) (N/A) (xVA)

Invert of Inlet

Type

Diameter (ft) =D

Length (ft) = L

Area (sq. ft) = A

N

K Entrance

K Exit

K Friction=29.lN2L/Ru/3

Sum of K

(1/K) 0.5 = ¢

Maximum Head (ft) = HM
Q@ = CAV 2g(HM)(cfs)

Q Combined (cfs)

o e e ety

J



Data for Dam at Outlet of Subarea_4-Z (See sketch on Sheet D-4)

Name of Dam: UPPER wWiLtfoX _FPoNp

STORAGE DATA:

Storage
Area million
Elevation (acres) _gals acre-ft Remarks
/14712 =ELEVO* 0 0 0 L.S. TDE

—/<Ze =ELEVI _Jo__=Al 2z 227 =S pomi BZ
[F1O_#5 g7

* ELEVO = ELEV1 - (3Sy/41)
*% Planimetered contour at least 10 feet above top of dam

Reservoir Area at Normal Pool is /8 percent of subarea
watershed,

BREACH DATA: RezAZH ANALY=/S No7T RBRERU/IEED
See Appendix B for sections and existing profile of the dam,

Soil Type from Visual Inspection:

Max imum Permiisible Velocity (Plate 28, EM 1110-2-1601) fps

(from Q = CLH3/2 = V+A and depth = (2/3) x H) & A = Ldepth
HMAX = (4/9 V2/C2) = ft., C = Top of Dam El.=
HMAY + 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 FAlIL-= mins = hrs (time for breach to
develop)
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Data for Dam at Outlet of Subarea A4-2

Name of Dam: UPPEE WnlOX POND

SPILLWAY DATA: Existing Design
Conditions Conditions

Top of Dam Elevation /4 30./ (rs/e,

Spillway Crest Elevation /126 .0

Spillway Head Available (ft) 4, )

Type Spillway PROP INLET

"C" Value - Spillway A4,

Crest Length - Spillway (ft) A /L

Spillway Peak Discharge (cfs) 7z

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

o
"C" Value - Auxiliary Spill. (ft) D
Crest Length - Auxil. Spill. (ft) RE
Auxiliary Spillway
Peak Discharge (cfs)
Combined Spillway Discharge (cfs) Y

Spillway Rating Curve: <& PAGe D-9
Q Auxiliary
Elevation Q Spillway (cfs) Spillway (cfs) Combined (cfs)

/4z76.0 2 § [l
/427.0 Vi i !
/228.0 29 | {
14270 ZZ —_
/4320.0 £5 <
/42 2 (o0& N X
‘ 1 422.0 /27 N 2
(4222 /2E '
(4240 /47 g
- |
| _ ]
QUTLET WORKS RATING: Outlet 1 Qutlet 2 Qutlet 3
Invert of Outlet (NVQ) (N/A) (N4
Invert of Inlet
Type
Diameter (ft) =D
Length (ft) = L
Area (sq. ft) = A
N
K Entrance
K Exit
K Friction=29.1y2L/R4/3
Sum of K
(1/K) 0.5 = ¢

Maximum Head (ft) = HM
Q = CAV 2g(HM)(efs)
Q Combined (efs)

| oy l
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Data for Dam at Outlet of Subarea A-3 (See sketch on Sheet N-4)

Name of Dam: BUNNELL'Ss PoND

STORAGE DATA:

Storage
Area million
Elevation (acres) _gals acre~ft Remarks
/0bg __ =ELEVO* 0 0 0 s e
(279 =ELEV1 37 =41 S Jbo =81 A0 AL Fo'o
L2z S (12 Z27 TP OF LAY

[[O0 ¥* /08 - -

* ELEVO = ELEV1 - (3Sy/44)
** Planimetered contour at least 10 feet above top of dam

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

BREACH DATA: s pPAme O-/4

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

Soil Type from Visual Inspection:

Maximum Permigsible Velocity (Plate 28, EM 1110-2-1601) fps

(from Q = CLH3/2 = V+A and depth = (2/3) x H) & A = L+depth
HMAX = (4/9 vZ/C2) = ft., C = Top of Dam El.=
HMAX + Top of Dam El. = = FAILEL

(Above is elevation at which failure would start)

Dam Breach Data:

ft (width of bottom of breach)

BRWID =
Z= (side slopes of breach)
ELBM = (bottom of breach elevation, minimum of
zero storage elevation)
WSEL = (normal pool elevation)
T FAlIL= mins = hrs (time for breach to

develop)

-/




Data for Dam at Outlet of Subarea A4-3

Name of Dam: BUNNELL'S _POND
SPILLWAY DATA: Existing Design
Conditions Conditions

Top of Dam Elevation /0832 (N/A)
Spillway Crest Elevation - 079 0
Spillway Head Available (ft) 4.2
Type Spillway CONZLE™S BEOLD CRETEL WS -
"C" Value - Spillway 2.65
Crest Length - Spillway (ft) /& TOT L ~BoTE STr EF
Spillway Peak Discharge (cfs) 2475
Auxiliary Spillway Crest Elev,
Auxiliary Spill. Head Avail. (ft)
Type Auxiliary Spillway I

1 "C" Value - Auxiliary Spill. (ft) <

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

Peak Discharge (cfs)
Combined Spillway Discharge (cfs)

Spillway Rating Curve: <S&& PacE D-13
Q Auxiliary
Elevation Q Spillway (cfs) Splllway (cfs) Combined (cfs)

/279.0 o ] )
0794 37 '
(080,80 Z2& e L
(2525 4o/ i
[08/0 745 S %{f
o0B82.0 /346 < ~
(CEZD 228+ * Dl
[084.0 324/

__ /0B850 4324

__Jose.n Sdo3 'L

1

QUTLET WORKS RATING: Outlet 1 Qutlet 2 Outlet 3

Invert of Outlet J075.4 N/ ) (N/2)

Invert of Inlet Jn7e./

Type SLLICELUAY

Diameter (ft) =D

Length (ft) = L

Area (sq. ft) = A N

N 8

K Entrance N

K Exit N

K Friction=29.lN2L/R“/3 =

Sum of K M|

(1/K) 0.5 = ¢ A

Maximum Head (ft) = HM

Q = CAV 2g(HM)(cfs)

Q Combined (efs)
Cumax T LoeH"® = 3./ (4.0)(1083.2- 1076-1) +E a2 235 chs.

D-12
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BUNNELL'S POND DAM

APPENDIX F
GEOLOGY

Bunnell's Pond Dam is located in Wayne County within the
Appalachian Plateau Physilographlc Province. The most pronounced
topographic feature in the area is Camelback Mountailn; which 1s
part of the Pocono Plateau Escarpment. The escarpment has a
well-defined, southwestward trend from Camelback Mountain; but it
i1s irregular between Camelback Mountain and Mt. Pocono, which
lies to the north., Streams east of the escarpment draln 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 1s relatively flat, with local relief
seldom exceeding 100 feet. The topography has been greatly
influenced by continental glaclation. Many features were created
by deposltion of glaclial materials. The entire plateau lacks
well-developed dralnage.

East of the escarpment 1s the Glaclated Low Plateaus Section
of the province. This area 1s characterized by preglacilal
eroslonal topography with locally-thick glacial deposits. Local
relief 1s generally 100 to 300 feet.

Bedrock units of the sections described above are the
lithified sediments of offshore marine, marginal marine, deltaic
environments, and fluvial environments associated with the
Devonian Period. These units 1lnclude siltstones of the
Mahantango Formation, siltstones and shales of the Trimmers Rock
Formation, and seven mapped members of the Catskill Formation.
These members Include sandstones, siltstones, and shales of the
Towamensling Member; sandstone, siltstone and shale of the
Walcksville Member; sandstones, siltstones and shale of the
Beaverdam Run Member; sandstone and shale 1in the Long Run Member,;
sandstones and conglomerates in the Packerton Member; sandstones
and some conglomerates 1n the Poplar Gap Member; and sandstones
and conglomerates in the Duncannon Member,

Bunnell's Pond Dam 1s underlain by the Catskill Formation.
The Catskill Formation 1s predomlnantly red to brownish gray
'shales and sandstone with interbedded siltstones and
conglomerates. Sandstones present are thick-bedded, fine- to
coarse-grained and exhiblt very low primary porosity due to a
clay and silica matrix., Effective poroslty results from
fractures and parting planes.




|
.f
;

The rocks are well-indurated and generally are not
susceptible to slope fallure; however, the presence of
well-developed bedding and joint planes will result in some
rockfall from vertical and high-angle cut slopes.

Bedrock 1s entirely overlaln by glaclal till of Late
Wisconsin Age. This till 1s 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.
Thickness of the till varies from 5 to 75 feet.
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