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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 the Department of the
Army, 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 visual
observations and review of available data. Detailed investigations and
analyses involving topographic mapping, subsurface investigations,

material testing, and detailed computational evaluations are beyond the
scope of a Phase I investigation; however, the inspection is intended to
identify any need for such studies which should be performed by the
owner.

In reviewing this report, it should be realized that the reported con-

dition 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 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 the dam depends on numer-
ous and constantly changing internal and external factors which are
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. I
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 stoe 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 poten- i

! ,: tial.

The assessment of the conditions and recommendations was made by the
consulting engineer in accordance with generally and currently accepted
engineering principles and practices.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

BRIEF ASSESSMENT OF GENERAL CONDITION
AND RECOMMENDED ACTION

Name of Dam: Lake Linganore
NDI ID NO. MD-21

Size: Intermediate (7900 acre-feet, 62.5 feet high)
Hazard Classification: High
Owner: Lake Linganore Association

New Market, Maryland 21774
State Located: Maryland
County Located: Frederick
Stream: Linganore Creek
Dates of Inspection: June 24, 1980 and July 15, 1980

Based on the visual inspection, available records, past opera-
tional performance, and in accordance with the guideline criteria estab-
lished for these studies, the embankment of Lake Linganore Dam is judged
to be in fair condition. However, since the spillway is seriously
inadequate based on hydrologic and hydraulic analyses, the dam is
classified unsafe, non-emergency.

Lake Linganore Dam is an earthf ill embankment which is
approximately 750 feet long and 62.5 feet high at its maximum section.
Water level of the lake is generally maintained at elevation 308, the
elevation of the crest of the ogee spillway. The water level of the lake
can be lowered by opening a manually operated sluice gate located in the
vault at the downstream toe of the dam.

In the Spring of 1980, extensive repairs were made to the Lake
Linganore Dam. Concrete had to be pumped below a concrete apron in the
spillway where bearing material had been partially removed by erosion. A
crack in the apron which extended up the side of the left retaining wall
of the spillway in two locations was sealed during the repairs.
Extensive erosion had occurred along the banks of the stilling pond and
at the base of the spillway, particularly at the base of the left
retaining wall. As part of the repairs, additional riprap slope
protection was placed downstream of the left retaining wall of the
spillway. At the time of our inspection, the remedial measures appeared
to have succeeded.

The downstream slope of the embankment was found to be covered with
many small trees and shrubs. Some surface erosion was noted near the
left end of the downstream slope, and a shallow erosion gully was noted
near the right end of the downstream slope. A seepage area was noted
near the toe of the downstream slope at the right end of the dam, and a
wet area was noted downstream of the toe just left of the spillway.
According to the dam crest survey, the low point along the crest is
adjacent to the right retaining wall of the spillway. The elevation of
this low point is less than the design crest elevation of the dam.

iii



Lake Linganore
-NDI ID NO. MD-21

According to the hydrologic and hydraulic analyses, Lake Linganore
Dam will overtop by 0.6 foot for a duration of 4 hours during a flood
equalling 50% of the Probable Maximum Flood (PMF). The analyses indicate
that the Lake Linganore Dam spillway can pass approximately 48% of the
PMF without overtopping the dam.- Consequently, the spillway capacity is
rated as seriously inadequate, and the dam is unsafe, nonemergency. It is
judged that the overtopping could result in a failure of the dam embank-
ment. Since a dam failure would result in an increased hazard to loss of
life and property downstream, a high hazard classification is warranted.

The following remedial measures are recommended to be accomplished
by the Owner immediately:

1. Retain a Professional Engineer experienced in dam design and
construction to perform detailed hydrologic and hydraulic
analysis to further assess spillway adequacy and develop
remedial measures to provide adequate spillway capacity.

2. Build up the dam crest as required to restore the original dam
design crest elevation of +325.

3. Remove all woody vegetation from the downstream slope of the
embankment.

4. Repair the surface erosion and erosion gully noted on the
downstream slope.

5. Regularly inspect and monitor the spillway retaining walls,
the seepage area noted near the toe of the embankment at the
right end of the dam, and the wet area noted downstream of the
left retaining wall of the spillway. If movement of the
retaining walls is detected, remedial measures should be
taken to repair the walls. If the rate or turbidity of the
flow from the seepage area increases significantly, or if the
wet area enlarges significantly, the Owner should retain the
services of a Professional Engineer experienced in dam design
and construction to investigate the source of the water and
to recommend a means of controlling the flow.

6. Add a gate to the upstream end of the 48-inch diversion pipe
to allow for cutting off flow under the dam should repairs to
the pipe become necessary in the future.

7. Develop a formal program of maintenance and inspection for
the dam and appurtenant structures.

8. Develop a formal warning system to alert the downstream
W residents and the City of Frederick in the event of

emergencies.
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LAKE LINGANORE

Spillway and stilling pond

Upstream face of dam and riprap slope protection
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

LAKE LINGANORE
NDI ID NO. MD-21

SE'iON I

PROJECT INFORMATION

1.1 General.

a. Authority. The Dam Inspection Act, Public Law 92-367,

authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of inspection of dams
throughout the United States.

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

property.

1.2 Descriptfon of Project.

a. Dam and Appurtenances. The Lake Linganore Dam consists of an
earth embankment approximately 750 feet long and 62.5 feet
high at its maximum section. The crest of the dam has a
minimum crest width of 12 feet. The flood discharge
facilities for the dam include a 48-inch diameter diversion
pipe and sluice gate vault, and a 122 foot wide ogee crest
spillway. Discharge from the ogee crest spillway flows into
a riprap protected stilling pond bounded on the west by an

embankment carrying Eagleshead Road over Linganore Creek.
Water flows from the stilling pond into Linganore Creek
through two corrugated steel pipes passing through the
rQadway embankment.

The water level of the lake is normally maintained at eleva-
tion 308, the crest elevation of the ogee spillway. The lake
can be lowered below normal pool elevation by manually open-
ing the sluice gate.

b. Location. The dam is located on Linganore Creek in the
Potomac River drainage basin in Frederick County, Maryland.

The location is shown on U.S.G.S. Quadrangle, Walkersville,
Maryland, at latitude N 390 25' 10" and longitude W 770 20'

20". A location map is included in Plate E-1.

c. Size Classification. Intermediate (62.5 feet high, 7900
acre-feet).
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d. Hazard Classification. High hazard. Failure of the Lake
Linganore Dam would cause serious damage to the City of
Frederick Water Purification Plant which is situated adjacent
to Linganore Creek approximately 1.8 miles downstream of the
dam. Dam failure could also flood two residences located
between the dam and the water purification plant.
Consequently, a high hazard classification is warranted.

e. Ownership. Lake Linganore Association, New Market, Maryland
21774

f. Purpose of Impoundment. Recreational lake.

g. Design and Construction History. The Lake Linganore Dam was
constructed in 1972. Construction drawings, design informa-
tion, and pertinent correspondence regarding the dam were
obtained from the State of Maryland Water Resources Adminis-
tration. The dam was designed and construction inspection
was provided by Robert B. Balter, Soil and Foundation
Consultants, Inc., of Owings Mills, Maryland. The dam was
constructed by Dewey Jordon, Inc. of New Market, Maryland.
Repairs which were made to the dam in the Spring of 1980 were
recommended by both the Robert B. Balter Company, and Harris,
Smariga & Associates, Inc. of Frederick, Maryland.
Inspection of the repairs was provided by Harris, Smariga &
Associates, Inc.

h. Normal Operating Procedure. The lake is maintained at the
crest elevation of the ogee spillway. The water level in the
lake can be lowered through the 48 inch diversion pipe, as it
had to be to complete the required repairs in the Spring of
1980, by opening the manually operated sluice gate located in
a vault at the downstream toe of the dam. A 16 inch pipe is
constructed through the right end of the ogee spillway for
the purpose of providing required low flow releases.

1.3 Pertinent Data.

a. Drainage Area. 82 square miles

b. Discharge at Dam Site(cfs). 29780
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c. Elevation (Feet).

Top of Dam 325 (design)
324.5(low point on crest)

Maximum Pool 322.9 (design flood wall)
Normal Pool 308 (spillway crest)
Upstream Invert Outlet Works 265
Downstream Invert Outlet Works 262
Maximum Tailwater Unknown
Downstream Toe 262
Invert 16 inch Low Flow
Release Conduit 293

d. Reservoir Length (Feet).

Normal Pool 11,500+
Maximum Pool 84,000+

e. Storage (Acre-Feet).

Normal Pool Level 2700
Maximum Pool Level 7300
Top of Dam 7880

f. Reservoir Surface (Acres).

Normal Pool Level 215
Maximum Pool Level 388
Top of Dam 407

g. Dam.

Type Earthfill
Volume of Fill 40,000 cubic yards
Length 750+ feet
Height 62.5 feet
Width of Top 12+ feet
Side Slopes Downstream: 1V:2H

Upstream:
Above riprap: 1V:2.5H
Below riprap: IV:3H

Zoning None
Impervious Core None
Cutoff Keyway comprised of

compacted fill
Grout Curtain None
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h. Outlet Works (48-Inch Conduit).

Length 250+ feet
Closure 48-inch Sluice gate
Access Accessible from downstream

Toe of Dam

Regulating Pipe (16-inch Conduit)

Length 20+ feet
Location Through right end of

ogee spillway
Invert Elevation 293
Regulating facilities 12 inch orifice plate

attached to upstream
side of conduit

j. Spillway

Type Ogee crest spillway
Length 122 feet
Crest Elevation 308
Gates None
Upstream Channel Lake
Downstream Channel Stilling basin

-4
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SECTION 2
DESIGN DATA

2.1 Design.

a. Data Available. Construction drawings, design data, and
correspondence files regarding the dam were obtained from the
State of Maryland, Water Resources Administration. It should
be noted that the construction drawings do not represent the
as-built condition.

(1) Hydrology and Hydraulics. No design computations for
hydrology and hydraulic analyses are available.

(2) Embankment. Construction drawings, slope stability
analyses and seepage analyses are available.

(3) Appurtenant Structures. The available information in-
cludes construction drawings.

b. Design Features.

(1) Embankment. The typical section indicates that the em-
bankment is constructed with compacted earthfill. Riprap
slope protection is included on the upstream slope and
along the downstream toe. A typical section of the dam is
included as Plate E-2. The dam has a cutoff trench
excavated to bedrock, and a toe filter.

(2) Appurtenant Structures. The appurtenant structures con-
sist of a 48-inch diversion pipe and sluice gate vault,
and a 122 foot wide ogee crest spillway at the left end of
the dam. Immediately downstream of the ogee crest are
two overlapping concrete aprons with boulders formed into
them. The aprons serve as plunge pools and the boulders
as energy dissipators. A 16 inch pipe is constructed
through the right end of the ogee spillway for the
purpose of providing low flow releases.

c. Design Data.

(1) Hydrology and Hydraulics. No design data is available.

(2) Embankment. Available data includes construction draw-
ings and slope stability and seepage analyses.

2.2 Construction. The only data regarding construction of the dam are
included on the construction drawings and within the correspon-
dence file obtained from the State of Maryland Water Resources
Administration.
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Field observations indicate that the ogee crest spillway has been
constructed in conformance with the construction drawings.

2.3 Operation. The level of the lake normally corresponds to the
elevation of the ogee crest elevation, +308. To lower the water
level of the lake, the sluice gate at the downstream end of the 48-
inch diversion pipe must be opened. No operating records of the
dam have been kept.

2.4 Other Investigations. The Robert B. Balter Company, Geotechnical
Engineers, prepared a report entitled, "Linganore Creek Dam,
Frederick County, Maryland," in June 1978. The purpose of the
report was to identify problems related to the undermining of the
upper concrete apron of the spillway, and to recommend measures
for repairing the apron. The report albo identified erosion along
the banks downstream of the spillway, and cracks and joint
separations in the spillway retaining wall. A supplementary
investigation into the erosion and retaining wall problems was
made by Harris, Smariga & Associates, Inc. of Frederick, Maryland
in 1980. The recommended repairs, which consisted of injecting
concrete beneath the undermined apron, repairing cracks and joint
separations in the concrete apron and in the spillway retaining
walls, and replacing riprap slope protection along eroded banks
downstream of the spillway, were completed in the Spring of 1980.

2.5 Evaluation.

a. Availability. Design information was obtained from the State
of Maryland, Water Resources Administration.

b. Adequacy. The available data is sufficient to make a techni-
cal assessment of the embankment.

-6-
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SECTION 3

VISUAL INSPECTION

3.1 Findings.

a. General. The on site inspection of the Lake Linganore Dam
consisted of:

(1) Visual inspection of the embankment and embankment toe.

(2) Visual examination of the appurtenant structures.

(3) Evaluation of the hazard potential.

The specific observations are shown on Plate A-i.

b. Embankment. The general inspection of the embankment con-
sisted of a searching for indications of structural distress,
such as cracks, subsidence, bulging, wet areas, seeps and
boils, and observing general maintenance conditions, vegeta-
tive cover, erosion, and other surficial features. Small
trees were noted throughout the downstream slope of the em-
bankment. On the downstream slope, a zone of surface erosion
was noted just right of the right retaining wall, and an
erosion gully was noted at the right end of the dam. A
seepage area, with an estimated flow rate of 5 gpm, was noted
near the toe of the right end of the dam. The source of the
seepage was not apparent. A zone of saturated soil was noted
downstream of the left retaining wall of the spillway. The
source of the wet area was not apparent, but springs have been
reported in the general area.

The crest of the embankment was surveyed and the variance in
elevation was 18 inches between the high and low points. The
low point on the crest is located adjacent to the right spill-
way retaining wall and is 6 inches below the design dam crest
elevation of 325. Freeboard at the time of inspection was
approximately 16.5 feet. The dam crest profle is included as
Plate C-2.

c. Appurtenant Structures. The ogee crest spillway, retaining
walls,.and sluice gate vault were examined for deterioration
or other signs of distress. A small amount of leakage was
observed around the 48-inch sluice gate housed in the outlet
structure. With the exception of the structural cracks and
joint separations in the retaining walls and concrete apron
which were repaired in the Spring of 1980, the appurtenant
structures were noted to be in satisfactory condition.

d. Reservoir Area. In general, gently sloping woodlands come up
to the bank of the lake. No major erosion was noted along the
banks of the lake and no significant amount of sedimentation
was noted.
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e. Downstream Channel. The spillway discharges into a stilling
basin which has riprap slope protection. The downstream side
of the stilling pond is bounded by an embankment carrying
Eagleshead Road over Linganore Creek. It was reported that
during Tropical Storm David in 1979, a portion of the embank-
ment was breached. A temporary embankment was constructed in
its place. Two steel pipes convey water from the stilling
basin beneath Eaglesead Road to Linganore Creek. Two
residences and the Frederick Water Purification Plant were
noted downstream along Linganore Creek within 1.8 miles of
the dam. Since a dam failure could result in damage to both
the residences and the water purification plant, a high
hazard classification is warranted for the Lake Linganore
Dam.

3.2 Evaluation. The visual examination of the Lake Linganore Dam
indicates that the dam embankment is in fair condition. The eleva-
tion of the dam crest should be increased to conform to the design
crest elevation of 325. The seepage area noted near the toe at the
right end of the dam and a zone of saturated soil noted downstream
of the left retaining wall should be monitored. If flow or
turbidity from the seepage area increases significantly or if the
zone of saturated soil enlarges, the Owner should retain a
Professional Engineer experienced in dam design and construction
to investigate the source of the water and recommend a method of
controlling the flow. The spillway retaining walls should also be
monitored for deflections. Any cracks or joint separations in the
walls should be repaired as soon as they are noted.
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SECTION 4
OPERATIONAL FEATURES

4.1 Procedure. There are no formal operating procedures for the Lake
Linganore Dam. Currently, the lake is maintained at the crest
elevation of the ogee spillway. To lower the lake level, as it was
in the Spring of 1980 to facilitate repairs to the spillway, the
manually operated sluice gate at the downstream end of the 48-inch
diversion pipe must be opened.

4.2 Maintenance of the Dam. Maintenance of the dam appears to be on an
unscheduled basis. The high grass and small trees growing on the
downstream slope suggest that the embankment is not mowed on a
regular basis.

4.3 Maintenance of Operating Facilities. The maintenance of the oper-
ating facilities appears to also be done on an unscheduled basis.
Structural cracks and joint separations in the upper concrete
apron and retaining walls of the spillway were repaired in the
Spring of 1980. The sluice gate vault appeared to be in satis-
factory condition. A small amount of seepage was noted along the sluice
gate.

4.4 Warning System. No formal warning system exists for the dam.
Telephone communication facilities are not available near the
site.

4.5 Evaluation. The maintenance of the dam and the operating facil-
ities are considered fair. Since cracks and joint separations
have already been noted and repaired on the spillway structure,
the Owner should regularly inspect the dam and repair any new
cracks and joint separations before they enlarge. Since there is
no upstream shutoff for the 48-inch diversion pipe, a gate should
be added on the upstream side of the dam.



SECTION 5

HYDRAULICS AND HYDROLOGY

5.1 Evaluation of Features.

a. Design Data. Computations forwarded to the Maryland Depart-
ment of Water Resources by the Robert B. Balter Company,
Geotechnical Engineers on April 13, 1980 suggest that the

original spillway design for Lake Linganore Dam which
incorporated bridge piers was rated at approximately 4500
cubic feet per second (cfs) when the reservoir was passing a
design "freeboard hydrograph" having a peak discharge of
approximately 32,000 cfs. During final design of the
spillway, the bridge-piers were eliminated and the spillway
dimensions revised. A July 28, 1970 letter by the above
mentioned consultant suggests that no flood routings were
performed for the revised spillway design since the revised
design "would not alter the hydrological or hydraulic
considerations on which the original design was based".

b. Experience Data. No records of maximum pool levels are main-

tained. During rehabilitation of the dam in the Spring of
1980, data pertaining to the time required to drain the

reservoir was recorded. The records indicate that it took 22
days to lower the lake level 12 feet from elevation +308 to
elevation +296. It should be noted that the sluice gate was
only 3/4 open during the 22 day period.

A U.S. Geological Survey streamflow gaging station is main-
tained approximately 0.5 mile downstream from the dam.
Streamflow records indicate that the June 22, 1972 peak dis-

charge of 20,100 cfs resulting from Hurricane Agnes repre-
sents the flood of record. The maximum river stage during
this event was 19.5 feet. The Owner reports that the dam was
not overtopped during Hurricane Agnes, but the road abutting
the stilling basin at the base of the spillway was overtopped
and severely damaged. The Owner indicates that the road was

again overtopped and damaged during Tropical Storm David on
September 6, 1979, and during several flashflood events sub-
sequent to Tropical Storm David. Streamflow records for the
Linganore gaging station indicate a peak discharge of 5390
cfe and a maximum river stage of 12.1 feet for the September
6, 1979 storm.

C. Visual Observations. Several observations made during the
visual inspection of the Lake Linganore Dam are particularly
relevant to the hydraulic and hydrological evaluation.

-10-



(1) Embankment. The survey of the dam crest profile per-

formed during the visual inspection indicates that the
existing crest is slightly lower than its design eleva-
tion of 325 feet above m.s.l. with its low point at eleva-
tion 324.5 feet above m.s.l. This low point occurs

adjacent to the right abutment of the ogee spillway. The
data for the existing crest was employed in subsequent
hydraulic analyses.

(2) Ogee Spillway. The spillway crest appears to have been

constructed in accordance with record contract drawings.
During the visual inspection a medium sized tree trunk

was trapped at the spillway crest. While the tree by
itself would not significantly affect the spillway
capacity, and most likely would become dislodged as the
water rises, the spillway should be maintained free of

any debris which could obstruct the spillway during peak
flood events. The 16-inch low flow outlet pipe which is

constructed in the spillway appeared to be functioning
properly, as it was discharging freely at the times of

inspection.

(3) Appurtenant Structures. The outlet structure at the toe

of the dam embankment appears to have been constructed in
accordance with the record contract drawings. During the
visual inspection, some leakage was observed around the
48-inch sluice gate housed in the outlet structure.

(4) Downstream Conditions. Failure of the Lake Linganore Dam
could cause serious damage to the 2.0-million gallon per
day City of Frederick Water Purification Plant which is
situated adjacent to Linganore Creek, approximately 1.8

miles downstream from the dam. During visual inspection
of the purification facility, the plant operator reported
that flood waters over topped the plant operating floor
level during Hurricane Agnes. Failure of the dam could

also cause flooding of two dwellings located between the
dam and the purification plant. Based upon previous flood
damage experience downstream from the dam, a dam failure

would undoubtedly sever Eagleshead Drive, one of the few
roadways connecting the north and south shores of the
Lake Linganore development. Primarily because of the

increased hazard of flooding downstream dwellings, and of
the increased potential for serious damage of the City of
Frederick Water Purification Plant, a high hazard classi-
fication is warranted for Lake Linganore Dam.

d. Overtopping Potential. According to the criteria promulgated
by the Office of the Chief of Engineers, the recommended

Spillway Design Flood (SDF) for a dam classified as "inter-
mediate" with a "high" hazard potential is 100 percent of the
Probable Maximum Flood (PMF).

-11-
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The Probable Maximum Precipitation (PMP)- index as adjusted
for the Lake Linganore drainage area is 20.6 inches in 24
hours. Employing criteria established by the Corps of
Engineers, Baltimore District, 100 percent and 50 percent PMF
inflow hydrographs developed using the HEC-1 computer program
have peaks of 67,800 and 33,900 cfs, respectively. It is
interesting to note that the 20,100-cfs peak discharge of the
June, 1972 flood of record amounted to nearly 30 percent of
the Probable Maximum Flood.

PMF inflow hydrographs were routed through Lake Linganore for
percentages ranging from 20 *to 100 percent of the PMF with
each routing starting at the normal pool level of 308 feet
above m.s.l. The analyses suggest that the Lake Linganore
spillway can pass approximately 48 percent of the PMF without
overtopping the dam. However, for the 50 percent PMF
routing, the reservoir water level would reach an elevation
of 325.1 feet above m.s.l., overtopping the low point in the
dam embankment by 0.6 feet. For the 100 percent PMF routing,
the reservoir water level would reach an elevation of 329.7
feet above m.s.l., overtopping the embankment low point by
5.2 feet. Results for intermediate routings are found in
Appendix D.

e. Spillway Adequacy. The analyses indicate that overtopping of
the Lake Linagnore Dam embankment during the occurence of a
50 percent PMF event would have a duration of 4.0 hours. It
is judged that a 0.6 foot maximum overtopping depth and 4.0-
hour duration could be sufficient to result in failure of the
dam embankment. Dam failure analyses have been performed for
several different failure configurations for a 50-percent PMF
event, assuming each failure begins when the dam first starts
to be overtopped. (Failure configurations are identified in
Appendix D). On the basis of these analyses, routing of the
resultant flood wave downstream suggests that failure of
Linganore Dam would raise water levels in the vicinity of the
two downstream dwellings from as little as 0.3 foot to as much
as 11 feet over the water surface that existed just prior to
failure, depending upon the breach depth and configuration.
Similarly, such a failure would raise water levels at the
City of Frederick Water Purification Plant from as little as
0.4 foot to as much as 16 feet over that existing prior to the
dam failure.. Since the failures of the dam could result in an
increased hazard to loss of life downstream, the spillway
capacity is rated as seriously inadequate in accordance with
Office of the Chief of Engineers guidelines.

-12- i



SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability.

a. Visual Observations.

(1) Embankment. The amount of surface erosion and small

trees growing on the downstream slope of the embankment
is not extensive enough to jeopardize the structural
integrity of the embankment at this point. However, both
the seepage area near the toe at the right end of the dam
and the zone of saturated soil noted downstream of the

left spillway retaining wall should be monitored. If the
rate or turbidity of flow from the seepage area increases

significantly, or if the zone of saturated soil enlarges,
an investigation should be conducted to determine the
source of the water and to determine a means of

controlling the flow.

(2) Appurtenant Structures. The structural cracks and joint
.separations on the spillway retaining walls and apron

were apparently the results of either the undermining of
bearing material below the apron, or by earth pressure

exerted on the retaining walls. Repairs were made to the
spillway retaining walls and apron in the Spring of 1980,
and at the time of the inspection, no further problems
were noted. The 48-inch diversion pipe through the

embankment could not be inspected, but the sluice gate
vault was in satisfactory condtion. A small amount of

leakage was noted along the sluice gate.

b. Design and Construction Data.

(1) Embankment. The available information consists of the
construction drawings and slope stability and seepage
analyses.

(2) Appurtenant Structures. Information such as the calcu-
lated earth pressures exerted against the retaining walls

of the spillway is not available to assess the structural
adequacy of the appurtenant structures.

C. Operating Records. The structural stability of the dam is
not considered to be affected by the operational features of

the dam.

d. Post-Construction Changes. Repairs were made to the under-
mined apron and to cracks and joint separations in the spill-
way in the Spring of 1980. Additional riprap slope
protection was placed along the bank downstream of the left
retaining wall of the spillway.

-13-



I
e. Seismic Stability. The dam is located in Seismic Zone 1.

Based on our visual observations, the static stability of the
dam appears to be adequate. Consequently, the structure
should present no hazard from earthquakes.

i -14-
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SECTION 7

ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

7.1 Dam Assessment.

a. Assessment. The Lake Linganore Dam is an intermediate

storage, high hazard impoundment. If the dam failed, the
City of Frederick Water Purification Plant and two residences
located downstream along Linganore Creek within 1.8 miles of
the dam could sustain damage. The hydrologic and hydraulic
analyses of the dam indicate that the spillway is seriously
inadequate, resulting in an unsafe, non-emergency
classification for the dam. The dam would be overtopped
during a flood equalling 50% of the Probable Maximum Flood
(PMF), but would not be overtopped by a flood equaling 48% of

the PMF. The dam embankment is rated only fair because of the
presence of limited surface erosion and an erosion gully, the
presence of a seepage area at the right end of the dam and a
wet area downstream of the left spillway retaining wall, and
the low point on the crest 'which is 6 inches below the dam
crest design elevation.

b. Adequacy of Information. Available information, in conjunc-
tion with visual observations, is considered to be sufficient
to make the following recommendations.

c. Urgency. The remedial .measures recommended below should be

accomplished immediately.

d. Need for Additional Data. The Owner should retain the ser-
vices of a Professional Engineer experienced in dam design

and construction to perform detailed hydrologic and hydraulic
analysis to further assess spillway adequacy and develop

remedial measures to provide adequate spillway capacity.

7.2 Recommendation/Remedial Measures.

The following remedial measures are recommended to be accomplished

by the Owner immediately:

a. Retairr a Professional Engineer experienced in dam design and

construction to perform detailed hydrologic and hydraulic
analysis to further assess spillway adequacy and develop

remedial measures to provide adequate spillway capacity.

b. Build up the dam crest as required to restore the original dam

design crest elevation of +325.

C. Remove all woody vegetation from the downstream slope of the
embankment.

-15-



d. Repair the surface erosion and erosion gully noted on the
downstream slope.

e. Regularly inspect and monitor the spillway retaining walls,

the seepage area noted near the toe of the embankment at the
right end of the dam, and the wet area noted downstream of the
left retaining wall of the spillway. If movement of the
retaining walls is detected, remedial measures should be
taken to repair the walls. If the rate or turbidity of the
flow from the seepage area increases significantly, or if the

wet area enlarges significantly, the Owner should retain the
services of a Professional Engineer experienced in dam design
and construction to investigate the source of the water and
to recommend a means of controlling the flow.

f. Add a gate to the upstream end of the 48-inch diversion pipe

to allow for cutting off flow under the dam should repairs to

the pipe become necessary in the future.

g. Develop a formal program of maintenance and inspection for
the dam and appurtenant structures.

h. Develop a formal warning system to alert the downstream

residents and the City of Frederick in the event of

emergencies.

-16-
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APPENDIX B

ENGINEERING DATA CHECKLIST
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APPENDIX C

PHOTOGRAPHS



LAKE LIICANORE

A. Crest of Dam

B. Lake Linganore immediately upstream of dam
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LAKE LINGANORE

C. Downstream face of dam, sluice gate vault,
and riprap slope protection

D. Small trees growing on downstream slope of dam
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LAKE LINGANORE

E. Two steel pipes which convey water beneath Eagleshead
Road from stilling basin to Linganore Creek

F. Oeepage noted where man stands near

toe at right end of dam
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LAKE LINGANORE

.01

G. Two cracks in the left retaining wall of the

spillway have been repaired

H. Frederick Filtration Plant along Linganore
Creek
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APPENDIX D

HYDROLOGY AND HYDRAULICS



r

BASE DATA FOR DETERMINATION OF PROBABLE

MAXIMUM FLOOD, UNIT HYDROGRAPH AND
INFLOW HYDROGRAPHS

Name of Dam: Lake Linganore NDI-ID MD-21

Unit Hydrograph Parameters

Watershed Drainage Area 82 sq. miles
Main Channel Length L 18.4 miles
Main Channel to Centroid Le~gh, Lca 10.5 miles
Lag Time tp - Ct (L x Lca) 12.12 hours
Basin Zone Location from Unit Hydrograph
Coefficient Map 33

Basiy Coefficients
Cp 1.25
Ct 2.5

Inflow Hydrograph Parameters
1

Base Flow At Start of Storm 1.5 c.f.s./sq. mile

Initial Rainfall Loss I inch
Uniform Rainfall Loss 0.05 inches/hour
Ratio of Peak Discharge Used to Compute

Base Flow wich Deviates from Hydrograph
Falling Limb 0.05

Ratio of Recession Flow occuring 10
Tabulation Intervals Later 2.0

Rainfall Data
2

Probable Maximum Precipitation Index
for 24 hours and 200 square miles 24 inches

Percentage Adjustments of PMP for
Drainage Area

6 hour storm 92%
12 hour storm 100%
24 hour storm 110%

1Basin Coefficients and Hydrograph Data established by Corps of

2 Engineers Baltimore District
Hydrometeorological Report 33 by Corps of Engineers, Baltimore District
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Tabulation of

Reservoir Area and Storage Vs. Elevation

Name of Dam: Lake Linganore NDI-ID MD-21
1 .1

Pool Surface Reservoir

Elevation Area -Storage
feet above acres acre-feet

265 (Reservoir 0 0

Bottom)

270 2 10

280 15 100

290 55 450

300 130 1250

310 240 3100

320 355 6100

322.92 (maximum Pool) 388 7300

324.5 (Top of Dam) 407 7900

IComputed ty Rummel, Klepper and Kahl Using Adjusted Plainimetered Areas
From 1000-scale USGS Mapping

Based upon March 31, 1970 "Freeboard Hydrograph Routing" by Robert B.

Baiter, Soil and Foundation Consultants, Inc.
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BASE DATA FOR OUTFLOW STRUCTURE
RATING CURVE FOR COMPUTER ANALYSIS

Name of Dam: Lake Linganore NDI-ID MD-21

Ogee Spillway:

Crest Elevation 308 feet above m.s.l.
Spillway Width 122 feet
Discharge Coefficient I  3.8
Flow Equation Exponent 1.5

Low Level Outlet:

Centerline Elevation of 16-inch
Low Level Outlet 293.67 feet above m.s.l.

Orifice Plate Area fo5 12-inch Orifice 0.79 jq. feet
Discharge Coefficient 0.594
Flow Equation Exponent 0.5

1Source: Design of Small Dam, U.S. Department of Interior, Bureau of

2 Reclamation, 1960.
Source: Handbook of Hydraulics, King of Brater, 1963.
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APPENDIX F

GEOLOGY



LAKE LINGANORE
APPENDIX F

REGIONAL GEOLOGY

The Lake Linganore Dam is located within the Piedmont Physio-
graphic Province and is situated on rock strata consisting of Pre-
Cambrian metarhyolite and metaandesite. These formations are included in

a stratigraphic sequence of Pre-Cambrian metamorphic rock formaticns

located immediately southeast of the Martic Overthrust, a thrust fault
along which the Pre-Cambrian rocks were brought into contact with the

Cambrian rock formations of the Frederick Valley. The strata in the
vicinity of the dam dip moderately to steeply to the southeast.
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