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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase 1 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 1 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 investigation 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
condition of the dam is based on observations of field conditions at
the time of inspection along with data avialable to the inpsection
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 condi-
tions 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
numerous 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 inspec-
tions 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" (PMF) for the region (greatest reasonably possible storm runoff),
or fractions thereof. The spillway design flood provides a measure of
relative spillway capacity and serves as an aid in determining the need
for more detailed hydrologic and hydraulic studies, considering the
size of the dam, its general condition, and the downstream damage
potential.
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PHASE 1 REPORT
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAM: Lake Roland Dam
STATE LOCATED: Maryland
COUNTY LOCATED: Baltimore
STREAM: Jones Falls, a tributary of the Patapsco River
DATES OF INSPECTION: March 15, 1979, and July 14, 1979
COORDINATES: Lat 390 22.7', Long. 760 38.6'

ASSESSMENT OF GENERAL CONDITIONS: Based on the evaluation of performance
history, stability calculation results, and visual observations of
conditions as they existed on the dates of the field reconnaissances,
the general condition of Lake Roland Dam is considered to be fair.
However, due to a serio sly inadequate overflow section (spillway) the
dam is categorized as (unsafe, non-emergency in accordance with recommended
criteria.

Lake Roland Dam is classified as an ientermediate size, high hazard
dam with a recommended spillway design flood of 100 percent PMF. Flood
discharge capacity was found to be seriously inadequate based on the
following data:

-11 Non-overtopping flood discharge capacity is 10 percent PMF.-

2) Failure of dam resulting from 35 percent PMF overtopping significantly
increases the downstream loss of life and damage potential compared
to that which would exist just before dam failure.

The reservoir drain slide gates are inoperable and judged inadequate in
their present condition. The ability to drain the reservoir and perform
remedial work on submerged portions of the dam requires that the reservoir
drain be operational.e.

The following recommendations should be implemented as soon as possible:

1) Implement additional hydrologic and hydraulic studies to more
accurately ascertain overflow section (spillway) adequacy and the
extent of improvements required to provide sufficient discharge
capacity or erosion/breaching protection for the dam. Dam improvements
found necessary by the recommended study should be implemented
immediately.

2) Repair and maintain reservoir drain slide gates and lifting mechanisms.

3) Develop a formal flood surveillance and warning plan.

4) Develop a more thorough inspection and maintenance program at
the dam facility.

11i



Ik1
5) Remove tree located on the right (north) upstream abutmentJ slope.

6) REpair abutment slope erosion and backfill d n irial1 5u rrows.

7) Replace and secure diclodqed cappiriq -,tnne,_ on spillwiy
abutment walls.

8) Remove trees growing between stone block joints of the water
supply outlet structure.

4o ~ MD Registration No. 52
$ Vice President

( Tfmot ~ fbes Dt
ProjcEng eer

Paul A. D'Arnato Date
Project Engineer

APPROVED BY.
AM4ES W. PFCK ofEgter

istrict En ineer
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LAKE ROLAND DAM
BALTIMORE COUNTY, MARYLAND

OVERVIEW OF DAM

IOVERFLOW SECTION AND INFLOENT GATE HOUSE
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PHASE 1 REPORT
NATIONAL DAM INSPECTION PROGRAM

LAKE ROLAND DAM
NATIONAL I.D. NO. MD 104

1.1 General

a. Authorit. The study was performed pursuant to the authority
granted by The National Dam Inspection Act, Public Law 92-367,
to the Secretary of the Army, through the Corps of Engineers,
to conduct inspections of dams throughout the United States.

b. Purpose. The purpose of this study is to evaluate if the dam

constitutes a hazard to human life or property.

1.2 Description of Project

a. Dam and Appurtenances. The dam structure consists of an
overflow section located between two non-overflow sections.
(Refer to Drawing No. 2.)

1) Non-Overflow Sections. The non-overflow sections consist
of two stone block-ills with soil and rock backfill
cover. The non-overflow sections extend from each side
of the overflow section (spillway) located at mid-dam.
The left (south) and right (north) non-overflow sections
measure approximately 64 ft. and 126 ft., respectively.
Maximum downstream toe to crest height is about 31 ft.
The downstream non-overflow section slopes have 2H:1V
inclinations.

2) Overflow Section and Appurtenances. Flood discharge
facilities consist of an overflow section (spillway)
located at mid-dam, and a round arch conduit which serves
as a reservoir drain.

The 120 ft. wide overflow section has a 1H:2V upstream
slope, 2.5H:1.5V downstream slope, and ogee shape crest.
The crest is set at El. 225, six (6) ft. below the top of
the non-overflow sections. Normal base flow and flood
flows are discharged through the overflow section.

The reservoir drain consists of a round arch conduit
measuring 6 ft. at the base, with 4 ft. high walls, and a
round arch top section of 3 ft. radius. The reservoir
drain conduit extends from the Influent Gate House to the
left (south) overflow section sidewall, located 160 ft.
downstream of the dam.

b. Location. Lake Roland Dam is located in Baltimore County,
Maryland, approximately 0.45 mi. north of the city limits of
Baltimore. The dam is situated on Jones Falls, a south flowing
tributary of the Patapsco River.

c. Size Classification. Based on a maximum dam height of 31 ft.
and a top of dam storage capacity of 1,867 ac.-ft. (excluding
sediment storage), the dam facility is classified as an "intermediate"
size structure.

.... ..... .." . .... ....... ..... ... ..... ...' " ... .. .. " ... - m .. . .i ' " ' '.. ., L . ... ...1



d. Hazard Classification. Lake Roland Dam is located 0.45 mi.
upstream from the city limits of Baltimore, Maryland. Sub-
stantial property damage and loss of life is expected to occurwin the Jones Falls floodplain in the event of dam failure.
The Jones Falls floodplain includes sections of the following
communities: Bare Hills, Mount Washington, Village of Cross
Keys, Woodberry, Hampden, and Baltimore City. The dam is
therefore accordingly classified as a "high" hazard structure.

e. Ownership. Lake Roland Dam is owned by the City of Baltimore,
Baltimore, Maryland. The Department of Public Works (Water
Division) is responsible for the operation and maintenance of
the slide gate lifting mechanisms located in the Influent Gate
House. The Bureau of Parks and Recreation is responsible for
the maintenance of Lake Roland Dam and reservoir.

f. Purpose of Dam. Lake Roland Dam and reservoir were originally
intended to supply water for the City of Baltimore. However,
its use for this purpose was abandoned in 1915. Since this
time, Lake Roland has been primarily used for recreational
purposes. Lake Roland Dam has a flood runoff storage capacity
of about 867 ac.-ft.

g. Design and Construction History. Construction of Lake Roland
Dam was started in 1860 according to dated construction drawings.
The date, July 21, 1861, is discernible on an inscribed capping
stone located at the right non-overflow dam section. This
date is presumed to be the construction completion date. The
Lake Roland-Hampden water supply conduit was sealed with a
reinforced concrete plug on April 18, 1958.

h. Normal Operating Procedure. Lake Roland Dam operates as an
uncontrolled structure and hence, does not require a dam
tender. Under normal operating conditions, pool level is
maintained at El. 225, the crest level of the uncontrolled
overflow dam section.

1.3 Pertinent Data

a. Drainage Area 36.8 sq. mi.

b. Discharge at Dam Facility

Maximum known flood at dam facility Unknown
Ungated overflow section capacity at top

of dam elevation 5,400 cfs

c. Elevation (feet above MSL)

Constructed top of dam El. 231
Normal pool El. 225
Overflow section crest El. 225
Maximum tailwater Unknown
Upstream invert of outlet pipe El. 201
Downstream invert of outlet pipe El. 200±
Streambed at toe of dam El. 2001
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d. Reservoir Length

Length of maximum pool 1.75 mi.

Length of normal pool 1.50 mi.

e. Total Storage

Constructed top of dam 1,867 ac.-ft.
Overflow section crest 1,000 ac.-ft.
Normal pool level 1,000 ac.-ft.
Sediment pool Unknown

f. Reservoir Surface

Constructed top of dam 113 acres
Overflow section crest 100 acres
Normal pool 100 acres

g. Non-overflow Sections

Type Stone masonry
Length

Right section 126 ft.
Left section 64 ft.

Height 31 ft.
Side slopes
Downstream 2H:1V
Upstream (submerged) Unknown

h. Regulating Outlet

Type Round arch conduit, stone block
construction

Length of connecting outlet pipe 160 ft.
Gates Two 4.5 dia. slide gates

i. Overflow Section

Type Ogee
Width 120 ft.
Crest elevation 225 ft., MSL
Gate None
Side slopes
Downstream IH:2V
Upstream 2.5H:1.5V

3



SECTION 2
DESIGN DATA

2.1 Design

a. Data Available. The following available data may be obtained
from the Maryland Water Resources Administration or the City
of Baltimore, Department of Public Works (Water Division).

1) Hydrology and Hydraulics. Unit and inflow flood hydro-
graphs, and a summary of 50 year frequency and PMF peak
inflows were obtained from Jones Falls Flood Control Study,
Baltimore, Maryland. Study prepared June 1, 1971, for
the City of Baltimore, Maryland by Knoerle, Bender,
Stone & Associates, Inc.

2) Dam and Appurtenances. The available design data consists
of as-built construction drawings obtained from City of
Baltimore, Department of Public Works. These construction
drawings include a centerline cross section and plan view
of the non-overflow and overflow sections, and section
views of the Influent Gate House and water supply conduit
structure.

b. Design Features. Principal design features are illustrated on
Drawing Nos. 2, 3, and 4.

1) Non-overflow Sections. Non-overflow wall sections are
constructed of Cockeysville Marble stone blocks measuring
approximately 3x2xl.5 ft. in dimension. Photographs of
exposed stone wall sections indicate that block size and
shape vary. A drawing showing a cross section view of
the dam indicates that these wall sections are constructed
on bedrock. The mortard stone block wall sections have
an estimated base width of 20 ft. and an average height
of 43 ft. These wall sections have a backfill cover
consisting predominately of rock pieces mixed with soil.
(Refer to Drawing No. 4.)

2) Overflow Section. The overflow section (spillway) is
constructed of Cockeysville Marble stone blocks and
extends to bedrock. The overflow section has an estimated
maximum height from bedrock foundation to crest of 41 ft.
A 16 ft. long stilling apron is located at the downstream
toe.

2.2 Construction. Available design information is not sufficiently
detailed to assess whether the dam and appurtenances were constructed
in general accordance with intended design drawings and specifications.

2.3 Operation. The City of Baltimore, Department of Public Works
(Water Division) is responsible for the operation of Lake Roland

JDam. The only operational features at the dam are four (4) slide
gates used to regulate flow entering the reservoir drain (round
arch conduit) and water supply conduit. The slide gates are reportedly
inoperable. No formal records of operation are maintained.
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2.4 Evaluation

a. Availability. All available design information and drawings
were obtained from the Dam Safety Division, Maryland Water
Resources Administration and the City of Baltimore, Department
of Public Works (Water Division).

b. Adequacy

1) Hydrology and Hydraulics. The available hydrological and
hydraulic information is limited in scope. Computer
analyses using HEC-1-DAM Safety Version were required to
adequately conduct a Phase 1 study.

2) Dam and Appurtenances. The type and detail of available
construction drawings and other data is limited in scope
and number. This limited construction data required that
assessments be heavily based on visual inspection, performance
history, interpretation of photographs, and foundation,
hydrologic, and hydraulic assumptions.

In view of the age of the dam (completed July 21, 1861),
it is believed that the design approach and construction
techniques are not likely to have been in conformance
with currently accepted engineering practice. However,
the performance history of the dam is reportedly good.

rD
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SECTION 3
4 VISUAL INSPECTION

3.1 Findings

a. General. The on-site reconnaissance of Lake Roland Dam consisted
of:

1) Visual observation of non-overflow section slopes, reservoir,
and downstream channel.

2) Visual observation of overflow section (spillway), overflow
section sidewalls, water supply conduit structure, and
reservoir drain outlet.

3) Visual observation of Oiscernible hazardous conditions or
safety deficiencies.

4) Evaluation of the downstream hazard potential.

A visual observation checklist and field sketch are given in
Appendix A. Specific observations are illustrated in photographs
of Appendix D.

In general, visual observations indicate the general condition
of Lake Roland Dam is good. However, the dam is considered to
be marginally maintained based on the inoperable condition of
the reservoir drain slide gates and evidence of surficial
deficiencies.

The following conditions were observed on the dates of the

field reconnaissances:

b. Dam

1) Surficial. Downstream slopes of non-overflow sections
are vegetated with grass. The right (north) downstream
slope contains two (2) footpaths eroded into the grass
cover approximately 20 and 100 ft. right (north) of the
overflow section sidewall. A wide, shallow footpath is
worn into the left (south) non-overflow section slope
beside the overflow section sidewall.

The right (north) downstream non-overflow section slope
is "pitted" in appearance. Two (2) animal burrows (possibly
sink holes) are located at about mid-slope. A 2 ft. dia.
tree is located on the upstream side of the right (north)
non-overflow dam section.
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2) Seepage/Wet Zones. On the dates of the field reconnaissances,
seepage or surface wet zones were not discernible in the
areas of the downstream slope or toe of the dam.

c. Appurtenant Structures

1) Overflow Section. Several capping stones are missing
from both overflow section sidewalls. Reportedly, these
capping stones were dislodged during Hurricane Agnes.
Seepage was observed emanating from between stone blocks
at several locations of both sidewalls. However, there
was no apparent horizontal or vertical misalignment of
these walls. Water turbulence, discernible mid-way
between the overflow section crest and apron, suggests
the possibility that one or more capping stones are
misaligned.

2) Outlet Works. Outlet works consist of a plugged eliptical
water supply conduit and a round arch stone block reservoir
drain conduit. The lifting mechanisms, used to control
conduit slide gates, are contained in the Influent Gate
House. These slide gates and lifting mechanisms are
reportedly inoperable.

Inspection of-the water supply conduit structure indicates
the reinforced concrete plug is in good condition. Water
was present inside the conduit structure chamber and is
presumed to be originating from the gated inlet. This
impounded water partially drains through stone block
joints of the outlet structure walls. Tree growth was
observed extending from between stone block joints of the
water supply outlet structure.

Water was also draining from the round arch conduit
outlet (reservoir drain) located beside the left (south)
overflow section sidewall. This drainage had an estimated
flow rate of 10 gpm and is believed the result of leakage
from the slide gates.

The right (north) exit stream channel bank is extensively
eroded. This erosion extends from the right (north)
overflow section sidewall to the single lane paved
bridge, located 250 ft. downstream of the dam. The
erosion extends from the stream channel to about 6 ft. up
the stream bank slope.

d. Reservoir Area. Visual observations and a map review indicate
reservoir slopes are predominately vegetated with woodland and
some open field. Reservoir slopes and shoreline appear stable,
exhibiting no evidence of landslides. However, urban development
and slope erosion has contributed to a significant sediment-
siltation problem in Lake Roland reservoir. An upstream
investigation of Lake Roland reservoir found large quantities
of silt and sediment deposited at the Roland Run, Towson Run,
and Jones Falls stream inlets. These sediment deposits encompass
the northern third of the reservoir. (Refer to Drawing No. 1.)

7



e. Downstream Channel. The downstream Jones Falls stream channel
is about 60 ft. wide, cobble lined, and extends about 3,900 ft.
before merging with a concrete lined channel. Falls Road and
U. S. Interstate 83 overpass Jones Falls approximately 0.4 mi.
and 1.7 mi. downstream of the dam, respectively. Approximately
thirty (30) commercial and residential structures are located
adjacent to and within a 20 ft. elevation difference of Jones
Falls within a 1 mile channel reach.

3.2 Evaluation

a. Dam. The surficial deficiencies identified in Section 3.1 are
not considered to represent significant hazard to the dam.
However, embankment improvements should be made to backfill
animal burrows and repair eroded footpaths. The tree located
on the right (north) non-overflow section slope should be
removed.

The general condition of the non-overflow sections is considered
to be good.

b. Appurtenant Structures. The reservoir drain slide gates and
lifting mechanisms are inoperable and judged inadequate in
their present condition. Appropriate repairs should be made
as soon as possible.

The capping stones dislodged from overflow section sidewalls
during Hurricane Agnes should be replaced and secured. Most
of these capping stones can be found downstream of the dam.
Seepage emanating from between the stone block joints of these
walls is not considered significant.

Trees growing between stone block joints of the water supply
outlet structure walls should be removed to preserve structural
integrity.

Erosion of the right (north) exit stream channel bank is not
considered to affect dam stability.
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SECTION 4

OPERATIONAL FEATURESI
4.1 Procedure. The reservoir level is normally maintained at El. 225,

the level of the ungated overflow section crest. Normal operating
procedure does not require a dam tender. The gated water conduit
and reservoir drain outlets are presently non-operational and
remain closed.

4.2 Maintenance of Dam. The dam facility is maintained by the City of
Baltimore. The Department of Public Works, Water Division is
responsible for the maintenance of the gated water conduit and
reservoir drain outlets. The Bureau of Parks and Recreation is
responsible for maintenance of the dam and reservoir. Maintenance
generally consists of cutting grass and removing trash and debris.

4.3 Inspection of Dam. There is no current record of formal inspections
being conducted at the dam facility.

4.4 Maintenance of Operating Facilities. There is no record of how
often the slide gate mechanisms of the reservoir drain are maintained
and exercised. These slide gates were reported to be inoperable at
the time of the field reconnaissance. According to the Department
of Public Works, the water conduit is no longer in use and has been
plugged.

4.5 Warning Systems in Effect. There is no warning system or formal
emergency procedure to alert or evacuate, as necessary, downstream
residents in the event or threat of a dam failure.

4.6 Evaluation. In general, maintenance procedures at Lake Roland Dam
are considered marginal based on the observed surficial deficiencies
and the inoperable condition of the slide gates. A more thorough
maintenance program should be developed.

A formal inspection program should be instituted at the dam facility.
In addition, a formal flood surveillance and warning plan is needed
for the protection of downstream residents.

9



SECTION 5
HYDROLOGIC/HYDRAULICS

5.1 Evaluation of Features

a. Design Data. No hydraulic design data was available for the
preparation of this report. The available unit and inflow
hydrographs (50 year frequency, 0.6 hr., 1.0 hr., 1.5 hr.,
3.0 hr., 6.0 hr., and 8.0 hr. storms) obtained from the Jones
Falls Flood Control Study were of limited use. All calculation
data used in this Phase 1 analysis was obtained by use of the
U. S. Army Corps of Engineers Flood Hydrograph Package, HEC-1-
DAM Safety Version.

b. Experience Data. Flood runoff, resulting from Hurricane Agnes
(June 1972) reportedly overtopped Lake Roland Dam (non-overflow
sections) by about 3 ft. The overtopping flood water severely*
eroded backfill from downstream non-overflow section slopes,
exposing the stone block walls. Hurricane Connie, 1955,
caused an estimated discharge through the overflow section of
5,500 cfs, which approximates maximum discharge capacity. The
storm of September 10, 1968, resulted in overflow section
discharges of about 3,600 cfs (reservoir pool level about
1.5 ft. below top of dam). These overflow section discharges
were reported in the Jones Falls Flood Control Study.

As previously stated, Lake Roland Dam is classified as an
"intermediate" size, "high" hazard dam. According to guideline
criteria, the required spillway design flood for the dam
facility is the PMF.

The PMF inflow hydrograph for the reservoir was modeled
utilizing the HEC-1-DAM Safety Version computer program. This
PMF inflow hydrograph was found to have a peak inflow rate of
61,500 cfs. Computer input and summary of output are included
in Appendix C.

c. Visual Observations. On the dates of the field reconnaissances,
no evidence of serious deficiencies or conditions were observed
that would significantly reduce overflow section (spillway)
discharge capacity in the event of a flood. The inoperable
slide gates will not significantly decrease flood discharge
capacity.

d. Overtopping Potential. Various percentages of PMF rainfall
were routed through the reservoir to estimate the percent PMF
inflow that the overflow section can pass without overtopping
the dam. The computer analyses indicate the overflow section
can pass approximately 10 percent PMF without overtopping the
dam. Computer analysis results also indicate PMF and PMF
runoff overtop Lake Roland Dam by maximum depths of about 7
and 12 ft., with flow durations of about 9 and 10.5 hours,
respectively.

10
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e. Adequacy of Overflow Section

1) General. Adequacy of the overflow section was evaluated
in accordance with procedures and guidelines established
by the U. S. Army Corps of Engineers for Phase 1 hydrologic
and hydraulic studies.

As previously reported, the overflow section does not
have adequate capacity to pass the recommended spillway
design flood of 00 percent PMF without overtopping the
dam. The dam is overtopped by runoff resulting from
rainfall in excess of 10 percent PMF. Guideline criteria
requires an estimation be made of the likelihood of dam
failure, and downstream damage and loss of life consequences
for dams overtopped by less than PMF conditions.

The HEC-1-DAM Safety Version computer program was used to
evaluate breaching of the dam, and estimate the downstream
hydrologic/hydraulic consequences resulting from assumed
structural failure(s). This data is required to assess
if the overflow section discharge capacity is seriously
inadequate.

2) Analysis. A breach analysis was conducted to estimate if
dam failure resulting from overtopping would significantly
increase loss of life or damage downstream from the dam
compared to what would exist just before dam failure.
This analysis was performed in three steps.

In the first step, the percent PMF inflow that would
initiate breaching was selected based on the performance
history of Lake Roland Dam during Hurricane Agnes and
stability calculation results presented in Section 6.
Photograph Nos. 9, 10, 11, and 12 (Appendix D) show the
erosion damage of non-overflow section slopes resulting
from Hurricane Agnes. Overtopping flows reportedly
reached a maximum stage level of 3 ft. above top of dam
(El. 234). Computer analyses indicate a corresponding
overtopping flow duration of about 6 hours and a maximum
overtopping depth of 3 ft. for approximately a 20 percent
PMF storm. (Refer to Appendix page C-4.) The photographs
indicate the right (north) non-overflow section was
subject to the worst erosive damage during Hurricane
Agnes. Based on this information, the right (north) non-
overflow section was considered the most likely to fail
when the dam is overtopped.

Stability calculation results (presented in Section 6)
indicate failure of the right (north) non-overflow section
can be expected when overtopping flows reach about 5 ft.
Failure was based on the assumption that downstream
backfill cover of non-overflow sections will be eroded to
about bedrock level (El. 188±). The 5 ft. overtopping
required for failure approximately corresponds to a
35 percent PMF inflow, which was selected as the "failure"
storm.

11|



In the second step, the selected 35 percent PMF inflow
was routed through the reservoir and downstream potential
damage centers to estimate flood stage levels prior to
incipient failure of the dam. This flood stage level is
to serve as a reference for comparison, to estimate if
breach flood levels caused a significant increase in the
downstream hazard. (Plan 1, computer output.) (Refer to
Drawing No. 5 and Appendix E for cross sections and
location of damage center stations.)

Finally, breach flood stages in the potential damage
areas were estimated by routing the 35 percent PMF inflow
combined with the discharge that would be contributed by
failure of Lake Roland Dam. The breach analysis was
based on the following:

a) Depth of maximum overtopping prior to failure: 4.5 ft.

b) Duration of overtopping prior to failure: about
3 hrs.

c) Breach section width of 126 ft. and height of 24 ft.
(Plan 4, computer input.)

d) Duration of failure: 0.10 hr.

3) Results. Drawing No. 5 illustrates cross sections of two
(2) damage center stations evaluated in the analysis.
These cross sections show the increase in water surface
elevation which results from the assumed structural
failure mode considered by the analysis.

Review of the flood stages before and after dam failure
indicates that flood stages would be raised by about'
8.7 ft. at Sta. 3 and 8.4 ft. at Sta. 4. This rise in
flood stage due to dam failure is considered to significantly
increase the loss of life and downstream damage potential.
Therefore, the discharge capacity of the overflow section
is considered to be seriously inadequate.

12 4



SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The structural condition of Lake Roland
Dam is assessed as good at the present time. No significant
structural deficiencies were noted during the field reconnaissance.
The tree, located on the right (north) non-overflow dam section,
may cause structural damage if allowed to continue to grow.

b. Design and Construction Data. Available construction data
includes as-built drawings showing a plan view and longitudinal
cross section of the dam. Photographs were also available
showing downstream sections of exposed non-overflow section
walls where soil backfill had been eroded by flood flows from
Hurricane Agnes (June 1972). The following information was
obtained from these drawings and photographs.

1) Geometry of dam as shown in Drawing Nos. 2, 3, and 4.

2) The dam is founded on bedrock.

3) Stone blocks used for dam construction have typical
dimension of 3x2x1.5 ft.

No other design or construction data was available for use in
evaluating structural stability.

c. Performance Data. Photographs and conversation with City of
Baltimore officials concerning performance of Lake Roland Dam
during Hurricane Agnes (see Photograph Nos. 9, 10, 11, and 12)
indicate the following:

1) Flood flows overtopped the dam (non-overflow sections) by
approximately 3 ft.

2) Soil backfill downstream of non-overflow sections was
eroded to about El. 210.

3) Stone block portions of the dam were not significantly
damaged. However, some capping stones were dislodged by
flood flows.

There is no report of the dam ever having failed since its
construction in 1861.

d. Stability Analyses. Due to lack of design data, an analysis
was conducted to evaluate the stability of the dam. Geometryof overflow and non-overflow sections was obtained from as-

built drawings and/or interpreted from photographs. The
drawings indicate that the dam rests on bedrock. In order to
perform a stability analysis, it was necessary to make the
following assumptions:

13
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1) Non-overflow sections of the dam will fail before the
overflow section. The overflow section is more massive
in construction and has an estimated base width of 3
times the width of non-overflow sections. (See Drawing
Nos. 3 and 4.)

2) Unit weight of stone blocks equals 168 pcf (typical value
for marble).

3) Soil backfill downstream of non-overflow sections has a
unit weight of 122.4 pcf and strength parameters of
0 250, c = 200 psf.

4) Coefficient of friction between stone blocks, and between
stone blocks and bedrock equals 0.65. (Ref. Vector Mechanics
for Engineers: Statics an Dnamics, Beer and Johnston,
1972.)

5) Reservoir depth at dam about 18 ft. (based on soundings
taken in 1975).

6) Sediment behind dam has a specific gravity of 1.45,
c =0 = 00.

7) Drag forces caused by flow of water over the dam are
negligible.

8) Stone blocks are mortared in place (i.e. dam acts as a
rigid body).

9) One hundred percent of uplift force acts at base of dam
and has trapezoidal pressure distribution.

10) A ko value equal to 0.8 was used to analyze at-rest
lateral earth pressure of backfill downstream of non-
overflow dam sections.

Analysis No. I - Agnes Storm. The validity of the above
assumptions was tested by considering the stability of the dam
during overtopping by Hurricane Agnes. During Agnes, as
previously stated, the dam proved stable when subject to 3 ft.
of overtopping and erosion of non-overflow section backfill to
about El. 210. Considering the dam to act as a rigid body,
the following factors of safety were respectively computed for
sliding and overturning for the above condition and assumptions:

Sliding at Base

Passive Condition* F.S. = 1.43
At Rest Condition F.S. = 0.90

Overturning
Passive Condition* F.S. - 1.18
At Rest Condition F.S. - 0.97

5*Passive lateral earth pressure of backfill downstream of

non-overflow dam sections based on Rankine empirical formulas
for comparison purposes.
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These factors of safety indicated the dam was close to failure
but should not have failed. (See Appendix G, Analysis No. 1.)

Analysis No. 2 - Present Condition. Analysis (see Appendix G)
was conducted to evaluate the stability of the dam in its
present structural condition. The analysis was conducted with
reservoir level at top of dam, complete soil cover downstream
of non-overflow sections, and with the same assumptions used
to analyze Hurricane Agnes conditions. This analysis yielded
the following factors of safety for sliding and for overturning:

Sliding at Base
Passive Condition* F.S. = 2.83
At Rest Condition F.S. = 2.30

Overturning
Passive Condition* F.S. = 2.30
At Rest Condition F.S. = 1.40

*Passive lateral earth pressure of backfill downstream of
non-overflow dam sections based on Rankine empirical formulas
for comparison purposes.

These factors of safety do not meet the recommended 3.0 minimum
criteria for static conditions.

Analysis No. 3 - 5 ft. Overtopping 35% PMF. Further analysis
was performed, assuming that 5 ft. of overtopping would cause
complete removal of non-overflow section backfill (see Appendix G,
Analysis No. 3). Hydrologic/hydraulic analysis of PMF storm
conditions indicate that the non-overflow sections would be
overtopped by as much as 12 ft. Complete erosion of non-
overflow section backfill at some stage of overtopping was
therefore considered likely. The following factors of safety
were respectively computed for sliding and overturning:

Sliding at Base F.S. = 0.46

Overturning F.S. = 0.75

The non-overflow sections are thus considered unstable if soil
rock backfill is completely eroded, and overtopping flows
approximate 5 ft.

e. Operating Records. Operating records are not maintained at
the dam facility.

f. Post-Construction Changes. A water supply conduit was constructed
in 1885. This conduit was regulated by slide gates located in
the gate house (see Photograph No. 6). The conduit was plugged
in 1958 and is now inoperable.

According to Bureau of Parks and Recreation personnel, small
rock pieces were mixed with soil, and placed on the upstream
(to a bout 5 ft. below normal pool) and downstream non-overflow9 section slopes after Hurricane Agnes (June 1972).
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g. Seismic Stability. Analysis No. 4 (earthquake - present
condition) was conducted in order to evaluate the stability of
the non-overflow sections under earthquake conditions (see
Appendix G). This condition was analyzed with reservoir level
at top of dam, complete soil cover on non-overflow sections
(same as Analysis No. 2), and horizontal and vertical acceleration
of 0.025 g (Seismic Zone 1). The following factors of safety
were respectively computed for sliding and overturning:

Sliding at Base
Passive Condition* F.S. = 2.60
At Rest Condition F.S. = 1.33

Overturning
Passive Condition* F.S. = 2.07
At Rest Condition F.S. = 1.28

*Passive lateral earth pressure of backfill downstream of
non-overflow dam sections based on Rankine empirical formulas
for comparison purposes.

The computed at rest condition factors of safety do not meet
the recommended 1.5 minimum criteria for earthquake conditions.
Also, as indicated in the static analysis, the dam is considered
unstable if overtopping completely erodes non-overflow section
backfill.

h. Location of Resultant. Analysis No. 5 (non-seismic, present
condition) was conducted to estimate the location of the resultant
of all forces acting on non-overflow section walls. This condition
was analyzed with reservoir level at top of dam and complete
soil cover on non-overflow section walls (same as Analysis No. 2).
Moment calculations indicate passive and at rest condition
resultant forces act throug the middle third of the base, and
are therefore in agreement with recommended guidelines.
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SECTION 7
ASSESSMENT, RECOMMENDATIONS/PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Evaluation

1) Dam. Lake Roland Dam is considered to be in fair condition
t--the present time. This conclusion is based on performance

history, stability calculation results, and visual observations
of conditions as they existed on the dates of the field
reconnaissances.

2) Reservoir Siltation. Visual observations and available
data indicate large quantities of sediment are deposited
in Lake Roland reservoir. This deposition of sediment is
believed attributable to urban construction within the
watershed, and subsequent transporting of disturbed
surface soils by surface drainage. The deposition of
excessive quantities of sediment has transformed the
upstream reaches of Lake Roland reservoir into a shallow,
swamp-like area.

3) Slide Gates. The reservoir drain slide gates are inoperable
and judged inadequate in their present condition. The
ability to drain the reservoir and perform remedial work
on.submerged portions of the dam requires that the reservoir
drain be operational.

4) Structural Stability. In general, Lake-Roland Dam was
found to have inadequate stability under static and
Seismic Zone 1 earthquake conditions based on recommended
criteria. As indicated by static analysis, the dam is
considered unstable if overtopping erodes non-overflow
section backfill.

5) Overtopping Potential. Hydrologic/hydraulic analyses
indicate that the dam can pass runoff (5,397 cfs) resulting
from about 10 percent PMF (2.5 in./6 hr.) without being
overtopped. This rainfall amount is less than the recommended
spillway design flood of 100 percent PMF required by the
size and hazard classification of the dam. Computer
analyses indicate PMF inflow will cause a 12 ft. overtopping
of the dam.

6) Adequacy of the Overflow Section. As presented in
Section 5, overtopping of the dam by 35 percent PMF
inflow is reasonably expected to cause failure based on
stability calculations. HEC-1-DAM Safety Version computer
analyses indicate downstream flood stage levels would be
raised by about 8.5 ft. in the event of the assumed dam
failure. This rise in flood stage is considered to
significantly increase the loss of life and downstream
damage potential. Therefore, the discharge capacity of
the overflow section is considered to be seriously inadequate.
The dam is cateqori~ed As "unsafe, non-emergency", based
on guideline criteria.
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b. Adequacy of Information. The construction drawings and other
data available for this review were limited in scope and

detail. Assessment of dam condition was based on this data,
visual observations, performance history, interpretation of
photographs, and construction, hydrological and hydraulic
assumptions.

c. Necessity for Further Investigation. The owner should initiate
additional studies to more accurately ascertain overflow
section adequacy and the extent of improvements required to
provide sufficient discharge capacity or erosion/breaching
protection for the dam.

d. Urgency. The recommendations/remedial measures presented in
this report should be implemented as soon as possible.

7.2 Recommendations/Remedial Measures. The following recommendations
are presented based on the data obtained:

a. Dam

1) Implement additional studies to more accurately ascertain
overflow section adequacy and the extent of improvements
required to provide sufficient discharge capacity or
erosion/breaching protection for the dam. Dam improvements
found necessary by the recommended study should be implemented
immediately.

2) Repair and maintain reservoir drain slide gates and
lifting mechanisms.

3) Remove tree located on the right (north) upstream non-
overflow section slope.

4) Repair erosion and backfill animal burrows on downstream
non-overflow section slopes.

5) Replace and secure dislodged capping stones on sidewalls
of overflow section.

6) Remove trees growing between stone block joints of the
water supply outlet structure.

b. Operation and Maintenance Procedures

1) Develop a formal flood surveillance and warning plan.
Plan to include, but not limited to, the following:

a) Surveillance. Around-the-clock surveillance of
overflow section discharge and overtopping of dam
during periods of unusually heavy rainfall.

b) Warning System. Formal warning procedures to alert
downstream residents in the event of expected high

*flood flows.
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c) Evacuation Plans. Adequate emergency contingency
plans to evacuate downstream residents in the event
or threat of a dam failure.

2) Develop a more thorough inspection and maintenance program
at the dam facility. Maintenance program should include
frequent maintenance and exercising of the reservoir
drain slide gates and prompt remedial treatment of de-
ficiencies.
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APPENDIX C

HYDROLOGIC AND HYDRAULIC
ENGINEERING DATA
AND CALCULATIONS



LAKE ROLAND
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Predominately residential, some open

field, little industrial.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 225 ft. (1,000 ac.-ft., est.)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 231 ft. (1,867 ac.-ft., est.)

ELEVATION MAXIMUM DESIGN POOL: 231 ft.

ELEVATION TOP DAM: 231 ft.

OVERFLOW SECTION

a. Elevation 225 ft.
b. Type .....__ ~ eewpir
c. Width 120 ft-
d. Length N/A
e. Location Spillover Mid-dam
f. Number and Type of Gates N~ __

OUTLET WORKS

a. Type Round arch conduit (constructed of stone blocks)
b. Location Left nbn-overflow section
c. Entrance Inverts El. 201
d. Exit Inverts El. 200+
e. Emergency Drawdown Facilities None

HYDROMETEOROLOGICAL GAGES

a. Type None
b. Location N/A
c. Records None

MAXIMUM NON-DAMAGING DISCHARGE 5,500 cfs Hurricane Connie, 1955
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HEC-I-DAM SAFETY VERSION
HYDROLOGY AND HYDRAULIC ANALYSIS

DATA BASE

NAME OF DAM: Lake Roland Dam NDI ID No. MD 104

Probable Maximum Precipitation (PMP) 27 in./6 hr.*

Drainage Area 36.76 sq. mi.

Reduction of PMP Rainfall for Data Fit
Reduce by 16.5%, therefore PMP rainfall = 0.835(27) = 22.5 in.

Adjustments of PMF for Drainage Area
6 hrs. 89%

12 hrs. 97%
24 hrs. 105%
48 hrs. 117%

Snyder Unit Hydrograph Parameters
Zone 35**
Cp 0.70
Ct 1.20
L 9.85
Lca 3.92 mi.
tp = Ct (L- Lca) 0.= 3.60 hrs.

Loss Rates
Initial Loss 1.00 in.
Constant Loss Rate 0.05 in./hr.

Ease Flow Generation Parameters
Flow at Start of Storm 1.5 cfs/sq. mi. = 55 cfs
Base Flow Cutoff 0.05 x Q peak
Recession Ratio 2.0

Overflow Section Data
Crest Length 120.0 ft.
Freeboard 6.0 ft.
Discharge Coefficient 3.06
Exponent 1.5
Discharge Capacity 5,400.0 cfs

Breach Parameters
Section Width 126.0 ft.
Section Height 24.0 ft.
Duration of Failure 0.1 hr.
Depth of Maximum Overtopping Prior to Failure 4.5 ft.

*Hydrometerological Report 33
**Hydrological zone defined by Corps of Engineers, Baltimore District,

for determining Snyder's Coefficients (Cp and Ct).
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LAKE ROLAND DAM
NDI I.D. NO. MD 104

REGIONAL GEOLOGY

Lake Roland Dam is located in the Coastal Plain Physiographic Province
of Baltimore County. The predominate geologic structures of this
region are the Towson Dome, Chattolanee Dome, and Laurel Belt.

The dam structure is situated on the western edge of the Towson Dome
within the Baltimore Gneiss formation. The Towson Dome consists
predominately of dark and light biotite-microline-quartz-plagioclase
gneiss. Foliation of this layered gneiss member strikes N 700-720 W
and is inclined about 760 - 900. Lake Roland Dam is located about
0.2 miles east of the Ruxton Thrust Fault and 0.7 miles southwest
of a minor thrust fault bordering the Laurel Belt.

The lithologic unit of the Laurel Belt structure is the Mount Washington
Amphibolite, which consists of a fine to medium grained amphibolite
locally occurring with pyroxene.

References

Maryland Geological Survey, 1976, Geologic Map of Baltimore County
and City.

Maryland Geological Survey, 1929, Baltimore County.
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APPENDIX G

STABILITY CALCULATIONS

Analysis No. 1 - Page G-l

Analysis No. 2 - Page G-4

Analysis No. 3 - Page G-7

Analysis No. 4 - Page G-9

Analysis No. 5 - Page G-ll
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