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3 This report is prepared under guidance contained in the

g Recommended Guidelines for Safety Inspection of Dams for Phase I
, Investigations. Copies of these guidelines may be obtained from the Office
of the Chief of Engineers, Washington, D. C., 20314. The purpose of a
Phase I investigation is to expeditiously identify 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.
3 Detailed investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the investigation
is intended to identify the need for more detailed studies.

Ao AS B &AL

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field conditions g
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 ;
3 might otherwise be detectable if inspected under the normal operating :
§ environment of the structure. 1

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 frequent inspections can unsafe
conditions be detected, and only through continued care and maintenance
can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed

i hydrologic and hydraulic analyses. In accordance with the established
Guidelines, the spillway design flood is based on the estimated "Probable 3
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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S PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

Name of Dam: Warrington Dam

County Located: Bucks County .
State Located: Pennsylvania i
Stream: Little Neshaminy Creek

Coordinates: Latitude 40° 13.6'

Longitude 75° 9.6'
Date of Inspection: 23 April 1979

Warrington Dam is owned and maintained by Neshaminy
Water Resources Authority. The dam and reservoir are used as
a flood control structure for Neshaminy Watershed upstream of
Warrington, Pennsylvania. This dam is one of a series of 10
either constructed or proposed flood control dams within
Neshaminy Watershed. The dam was designed by the United :
States Department of Agriculture, Soil Conservation Service,
in 1972 and 1973. The structure was completed in April 1976.

The dam and reservoir are considered to be in fair
condition. This assessment is due to the lack of maintenance
of the embankment and pond drain system. The dam is
classified as an "Intermediate" size dam with a "High" hazard
potential consistent with the possibility, in the event of
failure, for extensive property damage and probable loss of
life along the creek. The main damage center is located in
Warrington, Pennsylvania, approximately 1% to 2% miles east- _
northeast of the dam site. E

Calculations presented in this report indicate the
system is capable of passing the Probable Maximum Flood
without overtopping. Therefore, the spillway system is
considered "Adequate".

Visual inspection and review of available documen-
tation indicate the dam was designed with adequate factors of
safety for the embankment and appurtenant structures. Con- :
struction documentation reviewed for this inspection indi-
cates that all work was performed in accordance with specifi-
cation requirements. However, visual inspection revealed that
maintenance of this structure is deficient and many items
require rehabilitation. Recommendations pertaining to these
deficiencies are presented below.

79 08 15 82 |
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It is recommended that the following steps be taken
immediately.

) The pond drain gate hoist should be rehabilitated
and suitably protected to minimize the possibility
of future vandalism to this system.

2. Erosion on upstream and downstream slopes should be
corrected and vegetation estastablished in a satis-
factory manner on the entire embankment.

3. The crest of the dam should be cleaned of mud and
ruts and the top stabilized with stone or as
recommended by the SCS.

4. Seepage noted beyond the downstream toe should be
monitored. If there is an increase in the seepage,
appropriate remedial measures.should be taken.

The following measures should be taken as soon as practical.

1 Debris along the upstream slope and along the sides
of the reservoir should be removed to minimize the
potential for clogging the spillway intake system.

2, Erosion along the shoreline, if it continues to
worsen, should be stabilized with designed riprap.
Recommendations for this stabilization should be
obtained from the Soil Conservation Service (SCS).

3. If at all possible, devices should be installed to
discourage vehicular traffic along the crest and
slopes of the embankment. Without this unauthorized
traffic, the erosion, ruts and general deteriora-
tion of the slopes would have been minimal.

4. Erosion along the walls of the impact basin should
be repaired.

It is understood that Neshaminy Water Resources Authority is
preparing an operation and maintenance procedure in accordance
with SCS guidelines. It is also understood that this
procedure contains a warning system to be implemented in the
event of an emergency. The procedures should be completed as
soon as practical and should include the suggestions presented
in Section 7.2, paragraph b. The procedures should then be
issued to responsible personnel who should be thoroughly
familiar with the contents of the procedure.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM
WARRINGTON DAM
NATIONAL ID #PA 00221
DER #9-174

SECTION 1
PROJECT INFORMATION

l.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
throughout the United States.

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

property. o
6’(\
1.2 Description of Project.

a. Dam and Appurtenances. Warrington Dam is a 45 foot
high zoned earth embankment, 1,600 feet 1long, with an
emergency spillway at each end of the embankment. ®he—pien-eof

The embankment
contains an impervious core constructed over a cutoff trench
under the dam centerline. The core and cutoff trench are
composed of materials classified as silty clays and clayey
silts (Zone 1) and encompassed by less permeable materials
classified as silty gravels (Zone 2). The upstream slope is
3H:1V with a 10 foot berm at approximately elevation 241.5,
normal pool level. The downstream slope is 2.5H:1V with a 12
foot wide berm that serves as an access road along the
downstream face of the embankment. The impervious Zone 1 core
upstream slope is 2H:1V and the downstream slope is 1.5H:1V.
The 14 foot wide embankment crest is at a design elevation of
272.9. Both upstream and downstream slopes are protected with
grass. Planmand cross-sections of the dam are shown on Plates

2-and 3, Appendix-E..

Embankment seepage is controlled by a drain trench
near the downstream toe, which contains a 12-inch perforated
drain pipe which discharges through the impact basin at the
downstream toe., The principal spillway consists of a concrete
drop inlet rise a 240 foot long, 60-inch reinforced concrete
pipe and an impack basin. The reservoir drain, located at the
base of the riser) has an invert elevation of 229.5 and the
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riser weir elevation is 241.0. The outlet invert and impact
basin end sill elevations are 227.5. Typical sections of the
principal spillway are presented on Plates 6 through 9 in
Appendix E.

Due to construction constraints and local topogra-
phy, Warrington Dam was constructed with two emergency
spillways, one located at each end of the embankment. These
spillways are shown on Plate 2 and typical profiles are shown
on Plate 10, Appendix E. Both spillways are excavated in
weathered rock and have some grass growing on the side slopes
and bottoms. Both spillways have a level control section
located at elevation 265.1. The spillway on the left abutment
is 450 feet wide and the abutment spillway is 150 feet wide.

b. Location. The dam is located on Little Neshaminy
Creek in Warrington Township, Bucks County, Pennsylvania. The
dam is located approximately 1.5 miles northwest c% the
intersection of Route 611 and County Line Road. The dam site
and reservoir are located on USGS Quadrangle entitled "Ambler,
Pennsylvania®™ at coordinates N 40° 13.6' W 75° 9.6'. A
regional location plan of Warrington Dam is shown on Plate 1,
Appendix E.

c. Size Classification. The dam is classified as an
"Intermediate™ size dam by virtue of its 45 foot maximum
height and 4,175 acre-foot total storage capacity.

d. Hazard Classification. A "High" hazard classifica-
tion is assigned consistent with the potential for extensive
property damage and loss of life along Little Neshaminy Creek
downstream of the dam.

e. Ownership. Warrington Dam is owned and maintained
by Neshaminy Water Resources Authority. All correspondence
should be sent to Mr. William Taylor, Neshaminy Water
Resources Authority, Post Office Box 6, CTross Keys Office
Center, 4259 Swamp Road, Doylestown, Pennsylvania 18901.

£e Purpose of Dam. The purpose of this dam is flood
control. The structure is one of ten dams in Neshaminy Creek
Watershed that are scheduled for construction with the
assistance of the United States Department of Agriculture,
Soil Conservation Service (SCS). This is the fifth project of
the series.

g. Design and Construction History. The dam was
designed by the SCS in 1972 and 1973. The application to
construct this dam was submitted on May 1, 1973, and the
"Report Upon the Application" issued by the State of Pennsyl-
vania on June 6, 1973. Records indicate construction was
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performed by Durkin Construction Company in 1974, and the dam
was officially completed on April 16, 1976.

Records in Department of Environmental Resources
files indicate that all work was performed in a satisfactory
manner and documents prepared by SCS personnel indicate
density tests all exceeded at least 95 percent of the Standard
Proctor, with several tests being over 100 percent of the
Standard Proctor for Zone 1 fill.

h. Normal Operating Procedures. Reservoir outflow is
controlled by the principal and emergency spillways. Under
normal conditions, water flows through the principal spillway.
There are no minimum discharge requirements for this struc-
ture. Excess water is stored up to elevation 265.1, the crest
of the emergency spillway. Thereafter, water is discharged
through the emergency spillways at either side of the
embankment.

1.3 Pertinent Data.

A summary of pertinent data for Warrington Dam is
presented as follows.

a. Drainage Area (sq miles) 10.92
b. Discharge at Dam Site (cfs)
Maximum Known Flood at Site Unknown
At Design High Water 7,354
At Top of Dam
Design 33,367
Existing Conditions 28,500
(o Elevation (feet above MSL)
Top of Dam 272.9
Design High Water 268.4
Emergency Spillway Crests 265.1
Principal Spillway
Weir Crest (normal pool) 241.0
Pond Drain Invert 229.5
Outlet Invert 227.5

d. Reservoir (miles)

Length at Normal Pool 0.6

Fetch at Normal Pool 0.6
e. Storage (acre-feet)

Sediment Normal Pool 124
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To Emergency Spillway Crest

To Top of dam

£. Reservoir Surface (acres)

Sediment Pool
Normal Pool

g. Dam Data

Type

Volume

Length

Maximum Height

Top Width

Side Slope
Upstream
Downstream

Cutoff

Grout Curtain
h. Principal Spillway
Intake

Discharge Conduit

Elevations
Weir
Pond Drain Invert
Pipe Outlet Invert
Downstream Channel
19 Emergency Spillway
Type

Size
Left

Right

Side Slopes
Channel

2,373
4,175

26
26

Zoned rolled earth
212,000 cu yd
1,600 feet

45 feet

14 feet

3H:1V
2.,5H:1V
Trench beneath cen-
terline.
None

Concrete drop inlet
riser w/ a weir in-
let & 60" x 48" pond
drain intake at the
base of the riser.
240' long 60" 1I.D.
RCP with 9 anti-seep
collars.

241.0
229.5
227.5
226.0%

Trapezoidal grass-
lined channel at
each end of the em-
bankment.

450' wide w/ 200'
long control section
150* wide w/ 355.7°
long control section
3H:1V and 2.5H:1V
Protected w/grass on
bottom and riprap on
inside side slope.
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SECTION 2
ENGINEERING DATA

2.1 Design.

a. Data Available. A summary of engineering data on
SCS Dam PA 611, known as Warrington Dam, is attached as
Appendix - A. Engineering data available for review is
contained in a several hundred page design folder and a 42-
page set of as-built plans. The folder was located in
Department of Environmental Resources' (DER) files and as-
built drawings were obtained from the Owner's files. All of
these records were prepared by the United States Department of
Agriculture, Soil Conservation Service (SCS). Additional
information was obtained from miscellaneous letters, corres-
pondence and monthly construction reports in DER and SCS
files.

b. Design Features. The principal design features of
Warrington Dam are illustrated on the plans and profiles
enclosed in Appendix E as Plates 2 through 10. A detailed
description of the design features is also described in
Section 1.2, paragraph a, and pertinent data relative to the
structure is presented in Section 1.3. In addition to the
plans of the dam, Plates 11 and 12 are enclosed to show the
location of the boring logs and results of typical compaction
tests performed as part of this design.

2.2 Construction.

Details of construction are presented in Section
1.2, paragraph g. Construction records are located in DER and
SCS files and specific aspects of construction were obtained
from Neshaminy Water Resources Authority's representative.

2.3 Operational Data.

There are no operational records maintained. There
are no minimum flow requirements for the downstream channel.
There are no water level measurements or rainfall records
maintained within this watershed, although Neshaminy Water
Resources Authority maintains a rain gage at their office in
Cross Keys, Pennsylvania.
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2.4 Evaluation.

a. Availability. All engineering data evaluated and
reproduced for this report was provided by either DER or SCS
and supplemented by conversations and data obtained from
representatives of Neshaminy Water Resources Authority.

b. Adequacy. Data included in State files, supple-
mented with %ata obtained from Neshaminy Water Resources
Authority and information received from State and Authority
representatives, are considered adequate to evaluate the dam
and appurtenant structures.

c. validity. There is no reason to question the
validity of this data.
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SECTION 3
VISUAL INSPECTION

3.1 Findings.

a. General. Observations and comments of the field
inspection team are contained in the checklist enclosed herein
as Appendix B, and are summarized and evaluated as follows.
In general, the dam and its appurtenant facilities are in fair
condition, needing some maintenance and repair work. At the
time of inspection, water was flowing through the principal
spillway and there was no access to the top of the riser in
order to exercise the pond drain gate.

b. Dam. During the visual inspection, there were no
indications of distortion in alignment or grade that would be
indicative of movement of the embankment or foundation. There
were no surface cracks noted along the crest, but the crest
was noted to have muddy areas and to be rutted as a result of
unauthorized vehicles traversing the crest. The upstream
slope is protected with grass and is not riprapped along
normal pool level. As a result, minor erosion is occurring
along the shoreline, but the design includes a soil berm at
normal pool to protect the embankment at this level. The
upstream slope 1is covered with debris as shown on the
photographs in Appendix D, which could float and partially
clog the principal spillway. The 12 foot wide berm along the
downstream slope serves as an access road to the downstream
area of the dam. Erosion was noted on this slope as a result
of traffic by all-terrain vehicles and motorbikes.

Beyond the toe in the spoil area, erosion gullies up
to two feet deep were noted. These gullies drain towards the
dam into a poorly drained area which produces a marshy
condition.

Beyond the spoil area along the access road, a low
wet area and spring were noted. Clear seepage from the spring
was discharging into the spillway discharge channel. It was
assessed that this spring and low wet area along the access
road are probably associated with groundwater seepage as a
result of storage behind the embankment and poor drainage,
respectively. There was no evidence along the downstream toe
of seepage through the embankment except for clear seepage
discharging into the impact basin from the embankment drainage
system.




c. Appurtenant Structures.

1 1. Intake Riser. Exposed portions of the concrete

- riser were noted to be in good condition with no significant

cracking, spalling or undue deterioration of the concrete

above the waterline. The interior of the riser could not be

inspected as a result of flow over the weirs. It was noted

that the pond drain gate hoist at the top of the riser was bent

and that two upstream bolts are missing, possibly rendering

the valve unserviceable. The Owner's representative was not

aware of this condition and indicated that they would remedy

the situation as soon as possible. The impact basin at the

downstream toe was inspected and found to be in good condition

with no significant cracking, spalling of the concrete or :
erosion adjacent to the structure. The downstream channel was ;
also inspected and found to be in good condition with no

unacceptable erosion or deterioration.

e o o S oy o

2. Emergency Spillways. The grass-lined trapezoi-
- dal emergency spillways at each abutment were inspected and
q found to be stable and in good condition. The riprap-
protected side slopes are also in good condition. The left
emergency spillway is sparsely vegetated in many areas and
there is some erosion on the left side of the slope. It is
noted that the right side of the right spillway in the control
section, as shown on sheet S5a, Appendix B, is high where rock
was not excavated to design grade. Based on a survey
performed at the time of inspection, it was estimated that
this rise begins near the centerline of the spillway and
slopes upward approximately 2.4 feet to the right edge of the
spillway.

d. Reservoir. Reservoir side slopes are moderate and
flat at the upper end of the reservoir. Land surrounding the
reservoir is wooded or open/farmland. There is minimal
sedimentation at the upper end, which has no effect on flood
water storage.

e. Downstream Channel. The downstream channel is about
1 200 feet wide with two to three foot high banks. The valley
gradient is 0.0025. The stream flows through woods for 1.4
miles where it flows under PA Route 611. At that point are
- several businesses, two or three of which are subject to
damage if the dam fails. About 0.7 miles further downstream,
> Little Neshaminy Creek passes under PA Route 132, downstream
of which are eight homes built adjacent to the creek and are
subject to flooding from high flows in the creek.




3.2 Evaluation.

Inspection of the dam and appurtenant facilities
disclosed no evidence of apparent past or present movement
that would indicate existing instability of the dam, principal
or emergency spillways. Interior portions of the principal
spillwvay riser and discharge pipe could not be inspected due
to flow through the system. The principal spillway discharge
channel was inspected and found to be in good condition. The
pond drain sluice gate wvas not exercised, but vas observed to
be damaged at the valve base on top of the riser. Emergency
spillvay discharge channels were found to be in good condi-
tion, well vegetated or stabilized with rock.

Debris was noted along the upstream slope of the
dam, which is considered undesirable and could partially clog
the principal spillwvay. Muddy areas, ruts, erosion, and
general deterioration of both the upstream and downstream
slopes and the benches were noted, predominantly as a result
of unauthorized vehicular traffic across the dam and slopes.




SECTION 4
OPERATIONAL PROCEDURES

4.1 Procedures.

Operational procedures are discussed in some detail
in Section 1.2. Operation of the dam does not require a dam
tender. Under these normal conditions, flow discharges
through the principal spillway. Excess water is stored until
it reaches the crests of the emergency spillways at elevation
265.1. As reported by the Owner's representatives, water has
never flowed over the emergency spillways. Operation and
maintenance procedures are currently being prepared by Nesham-
iny Water Resources Authority, and final procedures should be
made available within the near future.

4.2 Maintenance of the Dam.

The dam is maintained by Neshaminy Water Resources
Authority staff who periodically check the embankments, mow
the grass, and remove woody vegetation and debris from the
slopes.

4.3 Maintenance of Operating Facilities.

Maintenance of these facilities includes cleaning
debris from the intake systems and checking the structural
integrity of the spillways. It is noted that a pond drain
gate hoist was damaged and may not be serviceable.

4.4 Warning Systems In Effect.

There are no formalized warning systems in effect
for these dams. However, it is understood that Neshaminy
Water Resources Authority is preparing a formal warning system
which would be used for all of their dams.

4.5 Evaluation.

It is judged that current operating procedure, which
does not require a dam tender, is a realistic means of
operating the relatively simple control facilities at Warring-
ton Dam. :

Formal operation, maintenance and warning proce-
dures are reportedly under preparation by Neshaminy Water
Resources Authority. It is important that these procedures
include an inspection checklist to insure that all items are
carefully inspected and maintained on a periodic basis.

10




SECTION 5
HYDROLOGY/HYDRAULICS

5.1 Evaluation of Features.

{ a. Design Data. The complete folder of design calcula-
] tions was reviewed and portions of this folder are presented
9 in Appendix C.

Ly

: The watershed is about 4.5 miles long, irregularly
3 shaped, with widths ranging from 1.5 to 3.7 miles, and having
: a total area of 10.92 square miles. Elevations range from 500
in the upper reaches to 241 at normal pool elevation. The
watershed is predominantly open/farmland, about 25 percent
| residential development and 15 percent wooded. Residential
3 development can be expected to progress rapidly. Design
inflow hydrographs were developed assuming 79 percent commer-
cial, industrial and residential development.

In accordance with criteria established by Federal
i (OCE) Guidelines, the recommended spillway design flood for
§ this "Intermediate"” size dam and "High" hazard classification
: is the Probable Maximum Flood (PMF). The Soil Conservation
‘ Service designed this dam as a Class C structure, which
’ requires that the spillway systems be designed to pass the .
: PMF. ;

b. Experience Data. There are no records of reservoir
levels kept for this dam. Rainfall is measured and records
are kept at Neshaminy Water Resources Authority's office in
nearby Cross Keys, Doylestown, Pennsylvania. There are no
estimates or records of previous high water levels.

e Visual Observations. On the date of inspection, the
only condition observed that would indicate a reduction in
spillway capacity was the unexcavated rock in the right
emergency spillway, as discussed in Section 3. Observations
regarding the condition of the downstream channel, spillways
; and reservoir are located in Appendix B and discussed in
i detail in Section 3.

| d. Overtopping Potential. The dam was designed to pass
a the PMF without overtopping. The PMF inflow hydrograph and
|

flood routing are presented in Appendix C. Because of the
high rock in the right spillway, it was decided to reevaluate
| the emergency spillway capacities according to existing
} conditions and current SCS criteria, TR-39. A combined

capacity of about 28,500 cfs was obtained. As the design PMF

11
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reservoir routing could not be completely accepted as ade-
quate, it was necessary to recompute the inflow hydrograph
according to criteria established for this investigation. It
is to be noted that the original SCS inflow hydrograph and
Snyder's evaluation hydrograph are only two of several types
of synthetic hydrographs. The computed PMF peak inflow value
is 27,159 cfs, which is less than the estimated combined
emergency spillway discharge of about 28,500 cfs. Therefore,
no reservoir routing is required and the spillway systems for
this dam are considered "Adequate" as the dam will pass the
PMF without overtopping.

e. Downstream Conditions. Little Neshaminy Creek
flows through woods for about 1.4 miles before passing under
the third downstream bridge, PA Route 611, where several
businesses are located. At least two of these are subject to
damage in the event of dam failure. About 0.7 miles farther
downstream, Little Neshaminy Creek flows under PA Route 132,
downstream of which are eight homes built adjacent to the
creek and subject to flooding in the event of high flows and
damage in the event of dam failure. In conclusion, it is
evaluated that a significant increase in downstream damage
would result from failure of the dam during a PMF than damage
resulting from large flows during passage of the PMF,.

12




SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations. Visual cbservations detected
no evidence of existing or pending embankment instability.
Upstream and downstream slopes were stable, in fair condition,
with some slope erosion and areas of poor vegetation. There
were no exterior signs or other evidence to indicate that
internal drainage systems were not operating properly.

The only seepage noted is shown on sheet 5a and is
located downstream of the dam beyond the spoil area along an
access road. This seepage was assessed to be associated with
a localized rise of groundwater as a result of impoundment
behind the dam.

Exposed portions of the principal spillway vere
inspected and judged to be in good condition. The pond drain
gate hoist was inspected and found to be vandalized and
probably not serviceable. The grass-lined emergency spillways
were assessed to be in good condition with no signs of
sloughing, excessive erosion or deterioration.

b. Design and Construction Data. Design documentation
is very complete as a several hundred page design folder
prepared by the Soil Conservation Service (SCS) was available
and reviewed for this investigation. Data included in these
files are a foundation report, results of the stability
calculations for the embankment, as well as structural
calculations for the pertinent facilities and principal
spillwvay. The report contains permeability tests, shear
strength results and sediment analysis. Also included in this
report are a complete set of specifications and a material
quantity estimate.

The stability analysis performed by SCS showed that,
for rapid drawdown, the minimum factor of safety was 1.35. A
somewhat higher factor of safety was reported for steady state
seepage conditions. According to Corps of Engineers' crite-
ria, EM 1110-2-1902, these values are acceptable.

Included in this design folder is a complete set of
hydrologic/hydraulic calculations. Other design documents
reviewed included a 44-sheet set of drawings prepared by SCS
and stamped "As-Built".

Principal features of this structure were extracted
from these drawings and calculations, and are located in

13




Appendix E and C, respectively. Progress reports prepared by
SCS' resident engineer and inspection reports prepared by
Department of Environmental Resources representatives indi-
cate that work was performed in accordance with SCS require-
ments. All compaction tests exceeded the minimum specifica-
tion of 95 percent of the Standard Proctor as defined by ASTM
D 698. Other testing, such as concrete tests and gradation
tests, were also documented in the construction inspector's
records to meet specification requirements.

c. Operating Records. There are no operational records
for this structure.

d. Post-Construction Changes. There are no reports nor
is there any evidence that modffications were made to this
dam.

e. Seismic Stability. The dam is located in Seismic
Zone 1. Normally it can be considered that if a dam in this
zone is stable under static loading conditions, it can be
assumed safe for any expected earthquake conditions. As the
static stability analysis resulted in a minimum factor of
safety of 1.35 under rapid drawdown conditions, the most
critical loading conditions, it can be assumed that the
seismic stability requirements are also satisfied.

14




SECTION 7
ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment.

a. Evaluation. Visual inspection and review of design
and construction documentation indicate that the dam, founda-
tion and appurtenant structures of Warrington Dam are in good
condition with the exception of the reservoir sluice gate and
erosion noted along the slopes and on the embankment crest.
These deficient areas are significant and remedial measures
should be taken, as recommended in Section 7.2. Hydrologic
and hydraulic computations presented in Appendix C indicate
the structure will pass the Probable Maximum Flood without
overtopping. Therefore, the spillway systems for this
structure are considered to be "Adequate". In the event that
high flows are passed through the emergency spillway, property
damage is still likely to occur along Little Neshaminy Creek
since homes are built adjacent to the creek about 2.1 miles
downstream. In the event the dam fails while retaining a
significant quantity of water, extreme property damage and
probable loss of life would be expected.

b. Adequacy of Information. Information available for
this investigation was sufficiently adequate to evaluate the
structural and hydraulic aspects of the basin.

Cs Urgency. It is recommended that the suggestions
presented in Section 7.2 be implemented during routine
maintenance of the structure, which should not be less than at
least once per year.

7.2 Remedial Measures.

a. Facilities. It is recommended that the following
measures be undertaken immediately.

L. The pond drain gate hoist should be rehabilitated
and suitably protected to minimize the possibility
of future vandalism to this system.

2 Erosion on the upstream and downstream slopes should
be corrected and vegetation estastablished in a
satisfactory manner on the entire embankment.

Se The crest of the dam should be cleaned of mud and

ruts and the top stabilized with stone or as
recommended by the SCS.

15




4. Seepage noted beyond the downstream toe should be
monitored. If there is an increase in the seepage,
appropriate remedial measures should be taken.

These measures should be taken as soon as practical.

Ve Debris along the upstream slope and along the sides
of the reservoir should be removed to minimize the
potential for clogging the spillway intake system,

2. Erosion along the shoreline, if it continues to

; worsen, should be stabilized with designed riprap.

g Recommendations for this stabilization should be
obtained from the Soil Conservation Service (SCS).

3. If at all possible, devices should be installed to
' discourage vehicular traffic along the crest and
1 slopes of the embankment. Without this unauthorized
traffic, the erosion, ruts and general deteriora-
tion of the slopes would have been minimal.

i 4. Erosion along the walls of the impact basin should
be repaired.

b. Operation and Maintenance Procedures. It is under-
stood that Neshaminy Water Resources Authority is currently
preparing operation and maintenance procedures in accordance
with SCS guidelines for all existing dams in the Neshaminy
Watershed. These procedures should include a checklist to
insure that all items are periodically protected and main-
tained in the best possible condition. Furthermore, it is

| also understood that a warning system is also in preparation
? and will be implemented as soon as practical.

| It is recommended that these procedures provide for
i a period of observation after significant quantities of water
| are stored behind the embankment. These observations should
! include monitoring discharge from the embankment drainage
system and looking for sources of uncontrolled seepage.
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Sheet 1 of 10
WARRINGTON DAM
CHECK LIST
! HYDROLOGIC AND HYDRAULIC
’ ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Predominantly open farm with 15% wooded, about
aeveloped.
i ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 241.0 feet (124 Acre-Feet).

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 272.9 feet. (4175 Acre-Feet).
‘ ELEVATION MAXIMUM DESIGN POOL: 272.9 feet.

d. Length 900 feet and 908 feet. l

ELEVATION TOP DAM: 272.9 feet.
EMERGENCY SPILLWAYS
, a. Elevation 265.1.
: b. Type Two trapazoidal channels.
i c. Width 450 feet and 150 feet. i
|

e. Location Spillover Left and right abutments.

f. Number and Type of Gates None.

PRINCIPAL SPILLWAY

a. Type Drop inlet riser, conduit and impact basin. F
b. Location Station 16 + 70. 1
c. Entrance inverts 241.0 feet.
d. Exit inverts 227.5 feet.
{ e. Emergency draindown facilities Pond drain at 229.5 feet.

HYDROMETEOROLOGICAL GAGES: ]

% a. Type Standard rain_gage.
‘ b. Location Neshaminy Water Resources Authority Office at Cross Keys, Pa.
c. Records Kept at office.

MAXIMUM NON-DAMAGING DISCHARGE: Not determined.
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SHEET 2 of 10

HEC-1, REVISED
FLOOD HYDROGRAPH PACKAGE

The original "Flood Hydrograph Package" (HEC-1),
developed by the Hydrologic Engineering Center, Corps of
Engineers, has been modified for use under the National Dam
Inspection Program. The "Flood Hydrograph Package (HEC-1),
Dam Safety Version", hereinafter referred to as, HEC-1, Rev.,
has been modified to require less detailed input and to
include a dam breach analysis. The required input is obtained
from the field inspection of a dam, any available design/eval-
uation data, relatively simple hydraulic calculations, or
information from the USGS Quandrangle maps. The input format
is flexible in order to reflect any unique characteristics of
an individual dam.

HEC-1, Rev. computes a reservoir inflow hydrograph
based on individual watershed characteristics such as: area,
percentage of impervious surface area, watershed shape, and
hydrograph characteristics determined from regional correla-
tion studies by the Corps of Engineers, Baltimore District.
The inflow is routed through the reservoir using spillway
discharge data obtained from the field inspection or design
data. Flood storage capacity is determined from USGS maps or
design information and verified by the field inspection. In
the event a spillway cannot discharge 0.5 PMF without
overtopping and failure of the dam, downstream channel
characteristics obtained from the field inspection and USGS
maps are inputed and flows are routed downstream to the damage
center and a dam breach analysis is performed.

Included in this Appendix are the HEC-1, Rev.
pertinent input values and a summary print-out tables.
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State o 3 Project Nesuaminy Cagew W, 2 o0l /0
8y MW, Date "/r.r Chocltadaya. D”"S'N-ba Job No. PA-GI |

Subject WORK PLAN - DESIGN COMPARISON :

____1Sheet \ of
ITEM UNIT |WORK PLAN| DESIGN COMMENTS
DRAINAGE AREA SQ Mi. \o 92 10,92 .
STORAGE CAPACITY
SEDIMENT (INC AERATED) | ACFT 182 _242
BENEFICIAL ACFT
RETARDING ACFT 191y 2132 ‘5N
TOTAL ACFT | _2I1S6 2374
BETWEEN HIGH & LOW S.| ACFT ;
SURFACE AREA
NORMAL POOL ACRE 26 _26
RETARDING POOL ACRE 119 180
DESIGN HIGH WATER ACRE :
VOLUME OF FILL CuYD | 222,%00
TOP OF DAM ELEV. FEEY 212.% | 2227 272.9 i~
MAX. HEIGHT OF DAM FEET | _“S.y $S T 15.¢ &=
EMERGENCY SPILLWAY
CREST ELEVATION FEET 26%.0 265.1
BOTTOM WIDTH FEET soo _See— Lee =
TYPE - §°Q _Sebd __weeT shale -
PERCENT CHANCE OF USE| - \ \
AVE. CURVE NO. COND. II - X 8!
EM. SP. HYDROGRAPH
STORM RAINFALL-6HR.| IN 10.S 10.5
STORM RUNOFF IN, 8.12 8.2
VELOCITY OF FLOW -V FPS 8.4 _8ze
PEAK DISCHARGE RATE CFS 1,100 T304 7354
MAX. WATER SURFACE EL.| FEET | _26T.4 268.2 2¢8.9 o -
FREEBOARD HYDROGRAPH
STORM RAINFALL - 6 HR. IN 25.5 2S.s
STORM RUNOFF IN. 22.89 22.89
VELOCITY OF FLOW-V FPS =.2 1S.5
PEAK DISCHARGE RATE CFS 33.1%0 33 367 212.9
MAX, WATER SURFACE EL | FEET 2724 212.]
PRINCIPAL SPILLWAY y
RISER SIZE FT. 5x15
MAX. LOW STAGE FLOW CFs 562 __s13
ORIFICE SIZE FT.
MAX. HIGH STAGE FLOW | CFS
PIPE SIZE ; DIA ©0"
CAPACITY EQUIVALENTS
TOTAL SEDIMENT VOL. IN 0.3\ o.8\
RETARDING STORAGE IN. 3.39 _ S |38
EM. SPILLWAY STORAGE
TO TOP OF DAM IN. 3.3 349 195
CLASS OF STRUCTURE - c & 5
CONSTRUCTION COSTS JOEF-:SCS Design
: - folder °
B-C RATIO -




- TP PR TeTS " ‘
y " T it
MES — S/as/rs Wamngv‘m Daw st 9 ee )0
//ydldc’/ / //rdmlc:
|
i
h €. S. DESIGN AND FRLEVOARD ROUTINGS. 8
!
3 NESHARINY CREER PA 61) 2-28  F.M.
| CURVE 0. 6l. T 3.27 STORM DURATION 6.00
E
. EMER, SPW. RAINFALL 10.50 FREEBOARD RAINFALL 25.50
H CASE NO. C. DRAINAGE AREA 10.92 EMER. SPW. CREST 265.1
?} 801 600. L1 200. 802 600. L2 300. 603 600. L3 $00.
i ELEVATION  STORAGE CFS CFs (113
8100 TIU. ~Ue . .
243.00 170. 245. 245, 248,
Z87.00 . . §20. §20. ]
251.00 607. 460. 460, 460.
255.00 933, 97. 397, 39T,
' 259.00 1406. 531. s3l. $31.
§ 263,00 Z00T. . L1129 564,
{ 265.00 2350. 597. 597, 597,
285.1 . . - Ve
265.60 2480. T61. 731, 707.
— 266.10 4 . - . T08Z.
i 266.60 2698. 2138. 1928. 1688.
] Z5T.10 0 . . D
: 267.60 2915. 4631, ©229. 3689.
268.10 . . 27ide -
269.00 3220. 10055. 9323, 8367,
£0Y.1 . . . .
270.10 3483, 15491. 14369. 12917.
27100 3700, . . .
271.10 3723. 21252. 20052. 18558.
€110 & - 0 e Z8193.
273.00 4180. 34190. 32622, 30312.
£i3.1 - - . 30992,
274.99 4680, $1070. 4¥901. 5394,

Reb- Scs Dﬁslgn Folder




“:—u--__'_._~;_~ — - — - ,._.;._\:1

MFB 57-“'/7?' /Ud.rr/;ijo Dan, SN /0 o /O
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FREEBOAKD ROUTING.
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'
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|

NESHAMINY CREEK PA 611 2-28 F.M.
80 = 600. L= 200. CREST = 265.10
TINE  INFLOW  AVE IN  OUTFLOW ELEV. ]
— U.d5 9. LIS U. 281,00
0.50 19. 14. 1. 241.01
1Py 4] 103, 3 9 5. 281.0%
1.00 211. 157. 18. 261.15
T.25 399, 355, &5, 28137
1.50 957. T728. 101. 241.82
T 75 Tz, TI3N, 20T, 232.6%
2.00 3261. 24086. 277. 243.74
.25 L1111 . . 3
2.50 8342, 6605. 428. 247.80
Z.T5 TIGIS. . T 25T.0%
3.00 16476, 14146. 493, 256.50
5 ZT35%. TEY85. . .
3.50 26069. 23762. 55C. 261.34
375 30383, 28228, i AD 268,86
4.00 33879. 32131. 489S, 267.67
§.25 3% IREYZ. T8TI¥. Z59.9% 4
4.50 6979 36242. 23308. 271.42
575 38152, IE5EE. 291373, 72,31
5.00 35324, 35738. 3233¢ 272.75 s
5.25 I3607. T‘r‘l_w_m_lu.
s 5.50 31694, 32650. 33c2C. 272.84 PEAK OCCURS PREVIOUS LINE
515 29732, 30713,  31901. reL £33
6.00 27735, 28733, 30365. 272.48
LT ] 25798, 7o T84, 28615, 212.2%
6.50 23965. 24880. 26893, 272.00
575 72132, 73039, 25268, ZTT.T%
7.00 20248. 21190. 23537, 271.46
T.25 TE36%, T30S — ZIT%%. r44 T3 %4
7.50 16447, 17406. 19989. 270.88 3
.75 18523, T5885. TSIV, ZT0.57
8.00 12732. 13628. 16382. 270.25
T.25 TIOZN. . . .
8.50 9463, 10245. 1311C. 269.62 ;
805 . . . d0Y.32
9.00 6863, 15C2. 10179. 209.02
i 9.25 . o308, 8932, 2CE.TY
| 9.50 4953, 5430, 1771, 268.45
i 975 47256, 4604, (3140 268.20
10.00 3593. 3924, 50882. 267.97
1 T0.25 . . . T.78 :
! 10.50 2598. 2829. 4557, 267.57 3
&l T0. 75 ra8 k 2395, ITSC. 267.39
| 11.00 1871. 2032. 357¢. 267.22
; . . . .
1 11.50 1333, 1449, 2036.
g 1175 410c. 1240 £€23¢&e 200. 78
] 12.00 924. 1013. 2248, 266.66
g TZ<25 141' 1) W37 . .
Al ¢ 12.50 609, 680. 1011. 266.40 1
i TZ.75 L1LTY . . .29
) 13.00 300. 432. 1441. 266.19
13.75 — 308, . . .

—————_— —— ——— —— . — o —— — . —— o 7 - - e

3
|
i
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3
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VIEW OF CREST CONTAINING RUTS AND

STANDING WATER.
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Stripping Line

TYPICAL EMBANKMENT SECTION
AND MATERIAL DESCRIPTIONS
WARRINGTON DAM

NAT.|.D.NO.PA.00221 BUCKS COUNTY

DATA OBTAINED FROM U.S. LEPT. OF AGRICUL TURE, SOIL
CONSERVATION SERVICE, DRAWING NO. PA-811-P
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NAT.I.D.NO.PA.00221 BUCKS COUNTY

DATA OBTAINED FROM U.S. DEPT, OF AGRICUL TURE, SOIL
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SITE GEOLOGY
WARRINGTON DAM

warrington Dam is located in the Triassic Lowland
Section of the Piedmont Physiographic Province. As shown on
Plate F-1, the bedrock upon which the dam is constructed
consists of the upper shale member of the Stockton Formation
of Triassic Age. The major portion of the reservoir area lies
upon the Lockatong shale.

Rock exposures located within the emergency spill-
ways at the left and right abutments of the dam indicate the
rock to strike to the northeast (near-parallel to the dam
axis) and dip at 1low angles to the northwest (upstream
direction). High angle rock jointing strikes to the northeast
and northwest.

Aside from some rock jointing, the overall bedrock
structure is favorable for water retention. Characteristic of
the weathering of siltstone and shale bedrock, the upper
several feet of rock would reflect the process of decomposi-
tion resulting in a silty residual soil. The high silt
content and susceptibility to erosion would explain the
observed gullying presently in progress in the general dam
structure.
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