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H PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams, for Phase I Investigations. Copies of these
guidelines may be obtained from th~ 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 , ~ne investigation is intended
to identify any need for such studies.

In reviewing this report , it should be realized that the reported condition of the
dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. In cases where the reservoir was
lowered or drained prior to inspection, such action, while improving the stability
and safety of the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected under the
normal operating environment of the structure.

ft is important to note that the condition of a dam depends on numerous end
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 1 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 spiliway capacity and serves as an aid in
determining the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition and the downstream damage
potential.
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

SHANGRI-LA DAM
ND! ID I/PA00248

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 init iate a program of
inspection of dams throughout the United States.

h. Purpose. The purpose of this inspection is to determine if Shangri-La
Dam constitutes a hazard to human life or property.

1.2 Description of Project (Based upon information obtained from the
Pennsylvania Department of Environmental Resources (DER), Division of Dam
Safety, Harrisburg, Pennsylvania)

a. Dam and Appurtenances. Shangri-La Dam is an earth embankment
approx imately 800 feet in length with a maximum height of about 32 feet. The dam
impounds a reservo ir w ith a surface area of 25.5 acres and a storage capacity of 208

• acre-feet at normal pool. The crest of the dam is 25 feet wide. The side slopes are
2.5 horizontal to 1 vertical (2.5H:1V) from the dam crest (Elevation 272.0) to
Elevat ion 262.0. At this elevation the upstream slope continues at 3.5H:1V and the
downstream slopes grades to the toe at 3H:1V (see Plate 5 in Appendix E). The
embankment is composed of a homogeneous impervious fill with a downstream shell
of random bac kfill. The upstream slope is protected by a 12-inch thick layer of
dumped riprap placed on a 6-inch thick sand blanket. A key trench of impervious
materia l, symmetr ical about the dam axis , extends a maximum of 10 feet below the
base of the embankment. The key trench has a maximum bottom width of 11 feet
and side slopes of 1H:1V. An 18-inch thick vertical sand drain is located 27 feet
downstream of the dam axis and extends a distance of 660 feet between abutments.
The drain contains a 6-inch diameter perforated corrugated metal pipe (CMP) which
drains into a CMP outlet buried in a horizontal filter blanket in the streambed.

A service spillway and an emergency spiliway are provided in the area of
the right abutment. The service spillway consists of a rectanaular , re inforced
concrete, drop inlet str ucture (see Plate 7 in Appendix E). The upstream crest
length at Elev. 265.9 is 25.3 feet long and the combiner-I length of the side weirs at
Elev. 266.0 is 56 feet. The interior walls of the inlet structure have a slope of
1H:1V and drop from the spiliway crest to Elev. 256.6. The concrete trapezoidal
sec t ion is maintained at a 2 perceht s lope for a distance of 56 feet downstream. At
this point the spillway discharge channel descends on a slope of 1H:1V and directs
discharge into a concrete stilling basin with a floor elevation of 247.0. The stilling
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basin conta ins chute blocks, baff les, and an end sill. The entire concrete section of
the discharge channel is provided ~v ith a sand and perforated pipe underdrain system.
The trapezoidal section is maintained downstream of the stilling basin and is
riprapped for about 110 feet. At this point the discharge channel turns to the left
and fo llows the stream valley side slope where three riprapped drop structures
conta ining concrete overflow weirs have been constructed at 100-foot intervals.
Approximately 450 feet beyond the turn, the discharge channel joins the original
stream channel.

The emergency sp illway is a trapezoidal earth channel also located in the
right abutment area. The service spillway is located within the emergency spillway
channel and both sp iliways lead into the same discharge channel. The emergency
spiliway channel is 150 feet wide with side slopes of 2H:IV on the cut near the
embankment and 3H:1V on the abutment slope. The channel extends approximatel y
200 feet upstream and 350 feet downstream.

The out let works consist of an 18-inch diameter reinforced concrete pipe
placed on a concrete cradle. The pipe is provided with reinforced concrete anti-
seep co llars at 24-foot intervals and discharges flow into a reinforced concrete
impact basin energy dissipator. The outlet pipe is provided with an upper and a
lower intake structure (see Plate 4 in Appendix E). A vertical 6-inch diameter steel
pipe, equipped with an 8- inch diameter sluice gate at Elevation 250.0, is connected
to the out let pipe approximately 20 feet from the upstream toe to form the upper
intake. The lower intake consists of a 24-inch diameter flap gate on the upstream
end of the 18-inch diameter outlet pipe with an invert elevation of approximately
242.

b. Location. Shangri-La Dam is located on Broad Run, approx imatel y 4
miles southeast of Avondale, PA. The dam lies within Garden Township in C’-hester
County. The darn site is shown on

0 the USGS Quadrang le entitled “Kennett Square ,
Pennsylvania” at coordinates N 39 47.0’, w 75° 44.4’. A regional location plan of
Shangr i-La Dam is enclosed as Plate 1, Appendix E.

c. Size Classification. Based on the maximum storage capacity of 398
acre-feet and maximum height of 32 feet , Shangri- La Dam is classified in the
“Small” size category.

d. Hazard Classification. A 3-story structure is constructed into the
downstream portion of the embankment. The third floor of the building may be
entered from the crest of the dam. Although it is not currently occupied on a
regular basis, community activit ies are occasionally held within the building and
daily occupancy is scheduled for the future. Another structure which is only
part ially completed is located ~t the downstream toe near the left abutment.
Therefore , a darn failure could result in loss of lives and extensive property damage.
Shangri-La Dam is therefore considered a “High” hazard dam.

e. Ownership. Shangri-La Darn is owned by Mrs. Eleanor Reynolds, Green
Valley Farms, R.D. #1, Avondale, Pennsylvania 19311.

f. Purpose of Dam. The dam was originally constructed to impound a
reservoir for recreation and irrigation purposes. Presently, the reservoir serves

( neither purpose.
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g. Design and Construction History. Shangri-La Dam was designed by
Gideon Yachin of CEO - Technical Services , Consult ing Engineers & Geologists,
Harr isburg, PA. Construction of the dam began in July of 1966 and was completed
in October of 1969. The construction work was carried out by Dominic DiFilippo of
Green Va lley Farms under the supervision of Gideon Yachin.

h. Normal Operating Procedures. The reservoir surface is normal ly main-
ta ined at Elevation 266.0 (the service~~~illway crest e levation for the side weir-s).
According to the design draviings, wit hdrawal and releases from the reservoir would
be done through the upper intake by operating the 8-inch diameter slide gate.
Complete reservoir drawdown within 72 hours can be accomplished through the
lower intake by operation of the 24-inch diameter flap gate.

1.3 Pertinent Data

a. Drainage Area.

Square Miles 1.3

b. Discharqe at Dam Site. (cfs)

Service Spiliway (reservoir surface at emergency
spi llway crest , Elev. 267.6) 500
Service Spiliway Capac ity (reservoir surface at
top of dam, Elev. 272.0) 1,650
Emergency Spillway Capacity (reservoir surface at
top of dam Elev. 272.0) 3,750
Combined Spiliway Capacity 5,400

c. Elevation. (feet above MSL)

Serv ice Spiliway Crest (front wal l) 265.9
Serv ice Spiliway Crest (side walls) 266.0
Emergency Spiliway Crest 267.6
Top of Dam (Design) 272.0
Top of Dam (low point) 271.96
Out let Works Upper Intake 250.0÷
Outlet Works Lower Intake Invert 242.0+
Outlet Pipe Inver t (outlet end) 240.5+
Streambed Elevation at Downstream Toe 240.0÷

d. Reservoir. (miles)

Length of Normal Pool 0.44
Length of Maximum Non-Overtopping Pool 0.51

e. Storage. (acre-feet)

Normal Poo l, Elev. 266.0 208
Emergency Spiliway Crest , Elev. 267.6 248

3
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Top of Dam, Elev. 272.0 398

f. Reservoir Surface Area. (acres)

Normal Pool, Elev. 266.0 25.5
Emergency Spillway Crest , Elev. 267.6 28.5
Top of Darn, Elev. 272.0 41.0

g. Dam Data.

Type C - 
~r ’~~ Fmbankrnent

• Length 800 feet
Height 32 feet
Crest Width 25 feet
Side Slopes 2.SH:LV above Elev. 262.0;

3.5H:lV upstream and 3H:IV
downstream below Elev. 262.0

Zoning None
Impervious Core Homogeneous, impervious embankment with

thin downstream shell of random fill.
Cutoff Impervious Cutoff Trench
Grout Curtain None

h. Spillways.

1) Service

Type Rectangular, reinforced concrete drop inlet.
Length of Weir 81.3 feet

• Gates None
Crest Elevation Upstream 265.9; Sides 266.0
Upstream Channel None
Downstream Channel 450-foot long channel with 3

riprapped drop structures at 100-
foot intervals (See Section 1.2.a).

2) Emergency

Type Trapezoidal Earth Channel
Width 150 feet
Crest Elevation 267.6
Gates None
Upstream Channel 200-foot long curved channel

graded into the reservoir.
Downstream Channel 350-foot long curved channel

graded toward the original streambed.
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SECTION 2

ENGINEERING DATA

2.1 Design

a. Data Available. The information available in the DER main office files
in Harrisburg, Pennsylvania, for review of Shangri-La Dam includes the following:

1. “Application”, “Report Upon the Application”, and “Permit” to construct
Shangr i-La Dam.

2. Set of 12 design drawings.

3. Construction progress reports and photographs.

4. Miscellaneous correspondence, memoranda, and inspection reports.

Piezometric records were also obtained from Mr. Gideon Yachin of CEO-
Technical Services.

b. Design Features. The design features are descr ibed in Section 1.2.a and
shown on the plates in Appendix E.

2.2 Construction

Based on the field invest igat ion and the information available in the con-
struction reports, the dam appears to have been constructed in general conformance
with the design drawings.

2.3 Operat ion

Operat ional procedures are limited to the control of the upstream and
downstream gates which regulate flow through the outlet works. A hand wheel f or
operation of the upper intake slide gate and a chain for operation of the lower
intake flap gate are located at the top of the upstream face and are accessible from
the cre st of the dam. Two additional sluice gates are provided at the downstream
toe where the outlet pipe branches into two pipes. One gate controls discharge into
the impact basin from the 18-inch diameter reservoir drain pipe and the other gate
controls flow from the 10-inch diameter pipe which terminates in a concrete box
adjacent to the impact basin. The 10-inch pipe was provided for a proposed
irrigation system.

2.4 Evaluation

a. Availability. The engineering data utilized in this report were provided
by DER.
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b. Adequacy. The information provided by DER , visual observations and

discussions with Mrs. Jackie Powell, Secretary to Mrs. Eleanor Reynolds, the Owner,
is considered adequate for a Phase I investigation.

C. Validity. There appears to be no reason to question the validity of the
data obtained from DER.

I
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SECTION 3

VISUAL INSPECTION

3.1 Findings

a. General. The field inspection of Shangri-La Dam took place on June 12,
1979. At the time of the inspection, the reservoir surface was slightly above the
service spiliway crest (front wall), Elevation 265.9. No underwater areas of the dam
were inspected.

The observations and comments of the field inspection team appear in
the checklist which is Appendix B of this report. The appearance of the facil ity
indicates that the dam and its appurtenances are marginally maintained.

b. Dam. The upstream and downstream slopes of the embankment are
covered w ith thick weeds and brush which make it difficult to assess the condition
of the slopes. Several small areas which supported no vegetation were observed
near the top of the downstream slope in the general vicinity of the outlet works.
The upper portion of the downstream slope in this vicinity is considerably steeper
than the rema inder of the slope indicating that some surface sloughing of the
random fill material may have occurred.

The visible portion of the riprap on the upstream slope appears to be in
good condit ion. Concrete slabs are interspersed with the riprap along the upstream
slope. According to Mr. Yachin, the design engineer, the concrete segments
perform the same function as the riprap and were placed purely for aesthetic
purposes.

A 3-story, brick-faced building has been constructed into the down-
stream portion of the embankment. The building is situated so that the third floor
may be entered from the downstream edge of the crest of the dam. The purpose of
this structure is unknown.

The design drawings indicate that the knoll located immediately to the
left of the emergency spillway was to be cut to the top of dam design elevation
(Elev. 272.0). However, the survey of the dam crest revealed that the knoll ranges
from 8 to 10 inches above design elevation (see Plate 9 in Appendix E).

c. Appurtenant Structures. The service and emergency spiliways appeared
to be in good operating condition on the date of inspection. The three drop
structure s in the service spiliway discharge channel could not he inspected due to
the thick growth of brush and weeds in the channel.

The outlet works impact basin appears to be in good condition. A
trapezoidal, riprap-lined stilling basin is located immediately downstream of the
impact basin. During the inspection, water was discharging into the basin from a 6-
inch diameter galvanized steel pipe which provides drainage in the area of the
building. The entire outlet area was overgrown with weeds and brush.

At the time of the inspection, the chain which operates the lower intake

• flap gate was not observed.
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g d. Reservoir Area. The reservoir side slopes average about 10 percent and
are well vegetated. There is no visible evidence of slope instability or excess
siltation.

e. Downstream Channel. The spiliway discharoe channel and outlet works
channel were overgrown with weeds and brush and could not be properly inspected.
According to the design drawings, the discharge channel merges with the natural
stream at a stilling basin located approximately 200 feet downstream of the outlet
works impac t basin. There are no inhabitable structures along the downstream
channel in the area that would be subject to flooding in the event of a dam failure.
However , the two bottom floors of the 3-story structure located in the downstream
portion of the embankment would be flooded in the event of a dam failure and many
lives could be endangered if the building were occupied.

F-
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures

The 8-inch diameter slide gate with an invert elevation of 250.0 on the upper
intake and the 24-inch diameter flap gate with an invert elevation of 242.0 on the
lower intake provide upstream control of the outlet pipe for reservoir drawdown.
Sluice gates on the 10-inch and 1~ -inch pipes at the downstream toe provide
additional control of the outlet pipe. There are no other known operational features
for the dam.

4.2 Maintenance of the Dam

According to the Owner ’s representat ive, there is no regular maintenance
program estab lished for Shangri-La Dam. Periodic inspections are performed by
employees of Green Valley Farms and maintenance is performed as needed.

4.3 Maintenance of Operat ing Facilities

According to the Owner’s representative, the operating gates are not main-
tained on a regular basis. At the time of inspection, the concrete structure upon
which the upstream gate controls are located was overgrown with bushes and was
not readily access ible. During the inspection, the hand wheel for operation of the 8-
inch sluice gate was provided by Mrs. Powell. However, an adapter is required to fit
the wheel to the gate stem; therefore, the operating condition of the sluice gate
could not be assessed.

4.4 Description of any Warning Systems in Effect

According to Mrs. Powell, there is no formal system of warning the down-
stream building occupants of an impending dam failure. However , the water level in
the reservoir could be readily monitored from the building since the third floor

• overlooks the crest of the embankment.

4.5 Evaluation

The overgrown vegetation on the embankment slopes and in the vicinity of the
dam indicates a general lack of maintenance at the site. A regular inspection and
maintenance program should be established which would include periodic operation
of the drawdown control gates.

It appears that the dam is accessible under all weather conditions for
inspection and emergency action.

c
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SECTION 5

HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features

a. Design Data. Shangri-La Dam has a drainage area of 1.3 square miles
and impounds a reservoir with a normal pool storage capacity of 208 acre-feet.
Ground elevations range from 442 in the upper reaches of the drainage basin to
265.9 at the normal pool. The slopes of the drainage basin adjacent to the reservoir
vary between 2 and 20 percent. The drainage basin is about 25 percent wooded
while the remainder of the basin is divided about equally between cropland and
pasture. The runoff characteristics of the basin may undergo change in the future
as a result of development.

b. Experience Data. There are no known reservoir level records or rainfall
records kept for this dam. Records of piezometers located along the length of the
embankment were obtained from Mr. Gideoh Yachin.

c. Visual Observations. On the date of the inspection, there appeared to be
no adverse conditions that would restrict the proper functioning of the hydraulic
features of the dam. Further observations are given in Appendix B.

The Spiliway Design Flood (SDF) for a “Small” size, “High” hazard
structure is given as a range from one-half of the PMF to the full PMF. Based on
the location of the building in the downstream portion of the embankment and the
high probability of loss of life if the building were occupied during a dam failure, the
SDF was chosen to be the full PMF.

d. Overtopping Potential. The peak inflow and outflow rates for the SDF
were determined to be 4,238 cfs and 4,028 cfs, respectively. Based on the
hydrologic and hydraulic analyses, the combined spiliway system is capable of
discharging the full PMF without overtopping of the embankment (see Appendix C
for computations).

e. Spillway Adequacy. The Shangri-La Dam spillway system is classified as
“Adequate”.

(
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. V isual Observations. The steep slope in the uppermost portion of the
downstream face and the bare spots immediately below are possible indications of
surface sloughing in the random fill material.

The thick overgrowth of vegetation prohibits a detailed visual exami-
nat ion of the surface of the embankment. The root systems of the larger bushes
could also create potential seepage paths through the embankment.

The structural features of the service spillway appear to be in good
condition. On the date of the inspection, the spiliway discharge channel was
overgrown with weeds so that the three drop structures located in the channel could
not be inspected properly.

Based on the restricted visual observations, the embankment appears to
be structura lly stable.

b. Design and Construction Data. Design drawings, construct ion progress
reports, and construction photographs were obtained from DER. However, there
were no design ca lculations included in the provided information.

c. Operating Records. There are no official operating records maintained
for this dam, according to the Owner ’s representative.

d. Post-Construction Changes. There is no record of any changes made to
the dam subsequent to the completion of construct ion.

e. Seismic Stability. Shangri-La Dam is located in Seismic Zone 1 on the
• Seismic Zone Map of Contiguous States. A dam located in Seismic Zone 1 is

generally considered to be safe under any expected Zone 1 earthquake loading
conditions if it is stab le under static loading conditions.

(
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SECTION 7

ASSESSMENT, RECOMMENDATIONS, AND
PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety. The visual inspection and review of available information
indicate that Shangri-La Dam is in good condition, however the thick overgrowth
proh ibits a complete assessment.

Minor surface sloughing of the random fill material appears to have
occurred near the top of the downstream slope. This sloughing does not appear to
have • affected the stability of the embankment in any manner. However, the
disp laced material and steepened slope could subject the downstream face to further
sliding and potential instability.

The thick overgrowth of vegetation on the dam, spiliways and outlet
channels hinders the assessment of the dam based on surface appearance.

The combined spillway system is capable of discharging the full PMF
without overtopp ing of the embankment. Therefore, the spiUway system is
classified as “Adequate”.

b. Adequacy of Information. The information available from DER, visual
observat ions, and discussions with the Owner ’s representative are considered
adequate for a Phase I Investigat ion.

c. Urgency. The remedial measures recommended in Section 7.2 should be
effected as soon as possible.

d. Necessity for Further Investigation. The stability of the embankment
shouLd be evaluated subsequent to the removal of the overgrowth.

7.2 Recommendations and Proposed Remedial Measures

a. Facilities.

1. The trees, brush, and weeds that have overgrown the dam, spillways
and out let channels should be removed to permit more detailed
inspection of the dam. If any distress such as sloughing, crack ing, or
seepage is observed, the condition should be evaluated by a licensed
professional engineer experienced in the design and construction of
do ms.

1(

- 12 -



b. Operation and Maintenance Procedures

1. A regular maintenance program should be developed and imple-
mented. This program should incluc!e, but not be limited to, cutt ing
of the brush and weeds on a regular basis and per iodic inspection and
operation of the reservoir drain sluice gates.

2. A formal warning system should be established within the down-
stream building to notify occupants of any impending peril to the
dam.

I
-13 -
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I

SITE GEOLOGY

SHANGRI-LA DAM

The Shangri—La impoundment is located ‘in the Upland section of the

Piedmont physiographic province . Bedrock at the dam site is composed of

complex metamorphics dating from the Precambrian to the Lower Paleozoic

eras. It is probable that the rock units present at the site are a

hornblende gneiss with pegmatitic dykes and ol igoclase mica schists of

the Wissahickon formation. No faults or major structural defects are

noted in the vicinity of the dam or reservoir.
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