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1.0 INTRODUCTION
The safety of an existing dam can be enhanced by an engineered and implemented
surveillance program. Also, the life of a dam can be lengthened with appropriate remedial
work that may evolve as a result of such surveillance. A key part of such a program is a
visual examination of the embankment, reservoir and appurtenant facilities; however,
surveillance must include more than visual observations. Surface settlement and internal
deformation of the embankment are expected, but detection of the magnitude and
direction of these movements are not amenable to visual observations. Also, comparison
of measured internal water levels and seepage quantities from one inspection to another
and over the years is difficult by visual observation and estimation.
The purpose of the embankment performance monitoring program (EPMP) described
herein is to: (a) describe the various instrumentation types that have been installed in the
dam and surveillance procedures used to obtain data to evaluate whether the structure is
functioning as designed; (b) provide continuing surveillance of the structure with the
intent of early detection of potential problems; and (c) to provide a database for the
evaluation of the embankment performance. The scope of the EPMP is limited to the dam
embankment, drainage system, and surface movement monuments, and does not include
instruments for monitoring inflow and outflow control and discharges.
1.1

Project Overview

Peace River Reservoir #2 (Reservoir #2) is an off-stream, above-ground reservoir that
provides 18,400 ac-ft (6 billion gallons) of normal operating raw water storage for water
supply to the Peace River Manasota Regional Water Supply Authority (Authority). Peace
River Reservoir #1 (Reservoir #1) is primarily a below-grade reservoir with
approximately 2,000 ac-ft (625 million gallons) of storage located east of Reservoir #2.
Reservoir #2 is located within R.V. Griffin Reserve, an area bounded by:
• an abandoned railroad grade to the north;
• Reservoir #1 to the east;
• an old railroad grade and a residential area to the south; and,
• undeveloped land to the west.
Site access is from Kings Highway to a perimeter road along the exterior toe of the
embankment. The site access road extends from an intersection at King’s Highway near
the main entrance to the water treatment plant following an alignment approximately
1000 feet north of Reservoir #1. The access gate located at the main entrance provides
security for the project site. Additionally, a perimeter fence extends around the reservoir
to restrict access of non-authorized personnel.
Reservoir #2 is a mostly above-ground impoundment surrounded by an earthen
embankment consisting of compacted fill with a geosynthetic membrane water retaining
core. A soil-bentonite slurry (cutoff) wall is constructed to limit seepage underneath the
embankment, and extends from the geosynthetic membrane to an underlying “clayey soil”
zone. In addition, an internal drain located at the exterior edge of the dam crest to
intercept potential seepage through the embankment. A 15-ft wide blanket drain is
located at the base of the chimney drain. Finger drains extend from the blanket drain to a
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perimeter drain at the downstream toe of the embankment to collect and convey seepage
from the embankment and foundation to seepage outlets located around the perimeter of
the embankment.
The normal maximum operating pool (NMOP) water level in the reservoir is
approximately 26 ft above the natural ground level (or 61.8 feet above MSL). Water is
pumped into Reservoir #2 through a submerged inlet structure. Releases from Reservoir
#2 will be controlled by a gated outlet structure. The outlet structure also includes an
overflow spillway to Reservoir #1. The raw water source is Peace River. Water is
pumped from the River via the raw water pump station, through two 48-inch pipelines,
which connect to a 66-inch supply pipeline that discharges into Reservoir #2.
A total of 127 electronic instruments, 46 movement monuments and 2 reservoir staff
gauges were installed during construction for the purpose of monitoring the embankment
performance. Electronically-monitored instrumentation includes:
- 1 Barometer
- 2 Reservoir Level gauges
- 5 Extensometers
- 14 Ultrasonic transducers (seepage flumes)
- 71 open well piezometers with vibrating wire transducers are located to the
exterior side of the embankment centerline
- 34 directly embedded isolated tip piezometers consisting of vibrating wire
transducers are located beneath the soil-cement on the interior side of the
embankment
1.2

Embankment Performance Monitoring Plan

Facility surveillance will consist of monitoring and inspection of the structural integrity
during operation, including both qualitative and quantitative comparisons of actual facility
performance to design conditions.
All operator personnel working at the Reservoir #2 should be involved in surveillance as a
part of routine activities. On-site personnel should maintain visual awareness of the
facility and have knowledge of warning factors and procedures to follow in the event that
a deviation from the planned facility performance is observed. The EPMP provides the
details for monitoring and inspections.
During implementation of the plan, modifications of the procedures unique to this project
may be required. Personnel are encouraged to suggest such changes. In addition, it may
be appropriate to adjust the periodic readings scheduled herein, based on dam
performance and historical readings. Any changes should be adopted only after careful
consideration of the possible long-term effects and after obtaining the approval of an
engineer who is thoroughly familiar with the design, construction and function of the
instrumentation equipment and the structure, and appropriate regulatory agencies.
In addition, specific conditions required by the Florida Department of Environmental
Protection (FDEP), as stated in the Environmental Resource Permit (#14-0257291-002),
were included in the development of this plan.
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2.0 INSTRUMENTATION
The instrumentation system for Peace River Reservoir #2 includes piezometers,
extensometers, movement monuments, seepage flumes with ultrasonic transducers,
reservoir staff gauges, reservoir level gauges, remote terminal units (RTUs) and a
barometer.
The instruments were installed during embankment construction.
Instrumentation locations are shown on the record drawings included in Appendix A.
Information and data obtained from the instrumentation will be collected, reviewed and
compared with design assumptions. Periodic visual observation and documentation of
conditions that develop will also be performed. The observational method will help in
recognizing conditions that vary from those assumed for the design in a timely manner.
Modifications to facility operation can then be made to address the observed conditions, if
needed.
Seepage performance of the dam will be assessed using the instrumentation installed in
the embankment, the foundation and the drain system, as well as on the interior slope of
the embankment. The design of the dam incorporates assumptions regarding the in-situ
hydraulic conductivity of the embankment and foundation materials. The design
assumptions are based in part on the field tests conducted during the geotechnical site
investigation and laboratory testing. These assumptions were used to estimate the
pressure distribution within the embankment and dam foundation and to predict the
amount of seepage expected through the system. The data obtained from the
instrumentation will be compared against the predicted seepage behavior and estimated
pore pressure distribution to verify design assumptions and that the embankment is
performing as expected.
2.1

Data Acquisition System

An Automatic Data Acquisition System (ADAS) will assist with the long-term monitoring
of geotechnical instrumentation. The principal components of the ADAS include the
Remote Terminal Units (RTUs), the ADAS Host Computer and the Master Radio. The
Host Computer, located at the Water Treatment Plant (WTP), is the user’s primary
interface with the system. Data collected by the ADAS can be accessed through the Host
Computer or through a remote computer. The ADAS and Host Computer architecture are
shown on the drawings in Appendix A.
The embankment instrumentation is connected to the ADAS network as follows:
- Instrumented devices (vibrating wire pressure transducers, piezometers and
extensometer, ultrasonic transducers)
- I/O assemblies, which are the connection points for the instrumentation signal
cables to the ADAS
- I/O assemblies are connected to the RTU
- RTUs store and transmit data to the Master Radio via radio link
- Master Radio sends information to the Host Computer via a fiber optic
connection
- Host Computer collects and stores the instrumentation data within an SQL
Server database. The frequency of the data collection from the RTUs can be
adjusted through the Host Computer.
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A total of 21 RTUs are installed around the embankment at the embankment crest. Each
RTU includes a datalogger and has a varying number of input/output (I/O) assemblies,
depending on location. Each I/O assembly controls a single instrument or up to three
sensors of a single type. The RTUs query each instrument and record readings
periodically for each of the 127 electronically-monitored instruments. Data can also be
read directly at the RTU. Each RTU has redundant data storage capable of saving up to
3 years of data collection. The data is transferred to the Host Computer and converted
from raw data to values of elevation or flow using the instrument calibration factors. The
measured values are compared with pre-established threshold values (discussed in
Section 3.2), and if the measurements exceed a threshold level, an alert is triggered.
2.2
2.2.1

ADAS-Monitored Instruments
Exterior Piezometers

The exterior piezometers were installed at selected locations to monitor water (phreatic)
levels at regular intervals around the perimeter of the embankment and within the
embankment, exterior to the centerline. The locations (offset from centerline and
embankment station) and elevations of the exterior piezometers are shown on the
drawings provided in Appendix A. The exterior piezometers are open pipe installations
with some installations configured as isolated tip piezometers installed at selected depths,
based on embankment zoning and subsurface conditions, to monitor the pore pressure and
phreatic surface development in the dam embankment and foundation beneath the exterior
slope and near the embankment toe.
The vibrating wire piezometers are connected to the ADAS network via cable links to the
network of RTUs located around the embankment perimeter and along the embankment
crest. The exterior piezometers are installed in open standpipes that allow confirmatory
sounding with a water level indicator and/or replacement of instruments, if needed.
Water levels within the embankment are dependent on the embankment materials and the
material distribution within the dam, internal drainage features, precipitation, foundation
conditions, water levels within the reservoir, and duration of water impoundment.
Graphical plots are to include elevation on the vertical axis and time on the horizontal
axis. Rainfall and reservoir elevation are to be included in the graphical summary page on
the same horizontal time scale for comparison with the piezometer readings. The
piezometer water levels (elevations) included on the graphical plots will be the value
recorded for each 24 hour (or other specified time) period. An example plot is shown in
Appendix B.
The interpretation of the data provided by the piezometers is governed by an
understanding of the features of embankment and the potential inter-relationships. By
plotting the water levels within the embankment relative to the internal configuration of
the dam, the piezometer data can be compared with the assumed phreatic level used in
embankment design. Water levels above those assumed in design indicate potentially
different conditions and require further evaluation to identify factors that influence the
higher levels and their effect on the embankment. The summary plot of readings
(elevations) versus time is to be used for evaluating data trends of the piezometers at
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similar locations in the dam, as well as at each study section, relative to the reservoir level,
with time.
Calibration information for exterior piezometers is included in Appendix C.
Review of the piezometer data is to include an evaluation of whether the exterior
piezometers appear to be functioning or not. If a piezometer appears to be responding
erratically, or does not have a response consistent with responses of other piezometers,
manual measurement may be appropriate.
For the open-well piezometers, manual
measurements can be made by utilizing an electric water level indicator or a weighted
tape. The electric water level indicator is a battery-operated device with a probe attached
to a cable marked in increments of length. A buzzer or meter indicates when the probe
contacts water.
2.2.2

Interior Piezometers

The interior piezometers are directly embedded, isolated tip piezometers installed at
selected locations to monitor pore pressure development beneath the interior slope
protection. The locations (offset from centerline and embankment station) and tip
elevations for the interior piezometers are shown on the drawings provided in
Appendix A. The interior piezometers are to be monitored manually using a digital
readout box, and are scheduled to be connected to the ADAS at a later date.
Pore pressure development beneath the interior slope protection is dependent on the
permeability of the embankment material, water levels within the reservoir, and rate of
change in the reservoir level. Graphical plots summarizing pore pressure levels are to
include elevation on the vertical axis and time on the horizontal axis. The reservoir
elevation and precipitation is to be included in the graphical summary page on the same
horizontal time scale for comparison with piezometer readings. Additional graphical plots
are to include the percent change between individual piezometer readings (horizontal axis)
versus time (horizontal axis) compared with the percent change in the reservoir level with
time. The purpose of the comparison is to evaluate the lag time between changes in the
reservoir level and changes in the interior piezometer readings. The percent change
between reservoir level and pore pressure shall be evaluated for several different time
periods (e.g. 1 day, 2 days, 3 days). The piezometer water levels (elevations) included on
the graphical plots will be the value recorded for each 24 hour (or other specified time)
period at the same time each day. Example plots are shown in Appendix B.
The interpretation of the data provided by the piezometers is governed by an
understanding of the features of embankment and the potential inter-relationships. By
plotting the water levels within the embankment relative to the internal configuration of
the dam, the piezometer data can be compared with the assumed phreatic level used in
embankment design. Water levels above those assumed in design indicate potentially
different conditions and requires further evaluation to identify factors that influence the
higher levels and their effect on the embankment. The summary plot of readings
(elevations) versus time is to be used for evaluating data trends of the piezometers at
similar locations in the dam, as well as at each study section, relative to the reservoir level,
with time.
Calibration information for the interior piezometers is included in Appendix C.
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Extensometers

Instrumented wire extensometers are installed at select locations along the interior slope
of the embankment to monitor for potential displacement in the soil-cement slope
protection. The data obtained from the extensometers will be used to evaluate the
performance of the interior slope protection during reservoir operation and provide
indications of crack development, potential soil-cement movement and potential slope
failure.
Data measurements are to be recorded and graphically displayed by the ADAS system
after readings are taken. Graphical plots are to include displacement on the vertical axis
and time on the horizontal axis. The reservoir elevation is to be included in the graphical
summary page on the same horizontal time scale for comparison with extensometer
measurements. Measurements from the extensometers are to be reported in inches. An
example plot is shown in Appendix B.
2.2.4

Seepage Flumes

Seepage from the embankment through the chimney and blanket drains will be monitored
using seepage flumes with ultrasonic transducers. Six seepage flumes are installed around
the perimeter of the embankment and eight seepage flumes are installed exterior to the
embankment centerline along the perimeter road. The locations of the seepage flumes are
shown in Appendix A.
The water level in the flume is measured by an ultrasonic transducer mounted over the
weir and the reading is recorded in the ADAS system. The measurement can also be read
at the RTU. The weirs can also be manually read and flow estimated using flume rating
tables provided in Appendix D.
Data measurements are to be recorded and graphically displayed by the ADAS system
after readings are taken. Graphical plots are to include seepage rate on the vertical axis
and time on the horizontal axis. Rainfall and reservoir elevation are to be included in the
graphical summary page on the same horizontal time scale for comparison with seepage
measurements. Measurements from the drains are to be reported in gallons per minute
(gpm). An example plot is shown in Appendix B.
Visual monitoring of the seepage is to be accomplished during the scheduled site visits.
The visual monitoring should note if the seepage is clear or cloudy, and if there are new
seepage areas or changes in historic seepage areas. If cloudy seepage or new areas are
noted, more frequent readings and further review and analysis should be made.
Seepage from the foundation drains is expected. The data measurements should be
summarized and reviewed as soon as it is obtained to evaluate potential changes in flow
rate. Seepage rates will be compared with estimated design values. Changes in flow rates
are normally associated with changes in the reservoir water level and should correlate with
change in piezometer levels, particularly the open well piezometers that penetrate the
blanket drain.

MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981

July 2009

2.2.5

Peace River/Manasota Regional Water Supply Authority * Embankment Performance Monitoring Plan x 7

Reservoir Level Gauges

Reservoir level gauges are installed at two locations: one on the outlet/spillway structure
(O/SS) wall near the embankment and one on the opposite side of the reservoir. The
reservoir level gauge is a pressure transducer used to electronically monitor the water
level in the reservoir through the ADAS.
The reservoir level (average of the two reservoir level gauges) will be included on the
graphical summary pages for the piezometers, seepage flumes, extensometers and
movement monuments. Graphical plots are to include reservoir level (elevation) on the
vertical axis and time on the horizontal axis.
2.2.6

Barometer

A barometer is installed at the O/SS structure to record the barometric pressure at the
reservoir. The barometer readings are to be used to correct the piezometer readings for
changes in the barometric pressure.
2.3
2.3.1

Non-ADAS Monitored Instruments
Movement Monuments

Survey monuments were installed during construction and the initial location (Northing,
Easting, and Elevation) of the installed “baseline” locations were surveyed prior to filling.
The monument locations are shown on the drawings included in Appendix A. The
coordinates (northing and easting), elevation and calculated station and offset are included
in Appendix C.
Surveying of the monuments should be performed with a digital level to obtain elevations.
The survey will be a closed loop level from the original project control monuments.
Horizontal coordinates will be obtained using GPS equipment with 10-15 minutes rapid
static observations.
The control monuments are to be surveyed for line, distance and elevation to verify that
the control monuments are not moving. The survey will be conducted for all the
movement monuments (including control monuments). The results of the survey
(elevation, station and offset from the centerline of the dam) will be compared with the
initial survey data for the control monuments and shall be reported in tabular format. It is
expected surveying is to be performed to an accuracy of ±0.01 ft for elevation and that the
station and offset data (horizontal) will be accurate to ±0.06 ft.
Data measurements should be recorded and subsequently reduced to graphical displays of
changes in the vertical location, and longitudinal and lateral location relative to the axis of
the dam. The reservoir level at the time of measurement of the monuments is important;
hence the level should be recorded (to the nearest tenth of a foot) along with the
monument location data. Recording forms for the monument surveys should be consistent
with the surveying procedures and data reduction. After the surveying is complete, the
field data is to be reduced and monument locations plotted for interpretation. An example
plot is shown in Appendix B.
Movement of the dam will occur with changes in reservoir level and duration of storage
level, with an expected trend toward a decreasing rate of movement with time. The data
should be reviewed as it is obtained to evaluate the total magnitude and direction of
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movement, as well as the magnitude and direction of movement since the last reading. If
a tendency towards change in behavior of the dam is noted, the frequency of
measurements should be increased as well as more frequent review and analysis.
2.3.2

Reservoir Staff Gauges

Reservoir staff gauges are installed at locations near the reservoir level gauges. Field
personnel will visually monitor the reservoir water surface elevation and record the staff
gauge elevation at the time of the periodic inspections. The staff gauge data is to be
compared with the electronically-obtained reservoir level data. If maintenance or
replacement of the reservoir level gauge instruments is required, the comparison record
can be used to re-establish the elevation of the instrument tip so that there is agreement
between each instrument and the level read at the nearby staff gauge.
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3.0 FACILITY MONITORING
3.1

Monitoring Frequency

Measurements for each instrument are to be collected at the frequency shown in Table 31. For the ADAS-monitored instruments, more frequent readings may be obtained and
stored as raw data. However, the recorded value (recorded at the same time each day is to
be processed and plotted at the frequency listed in Table 3-1.
Table 3-1: Summary of Reading Frequency for Instrumentation

3.2

Type of
Instrument

ADAS
Monitoring

Movement
Monuments

Reading Frequency
First 36 months
(After Initial Filling)

After 36 months

No

Monthly

Quarterly

Reservoir Level
Gauges

Yes

Daily

Daily

Reservoir Staff Gauges

No

Weekly

Weekly

Exterior Piezometers

Yes

Daily

Daily

Interior Piezometers

Yes

Daily

Daily

Extensometers

Yes

Daily

Daily

Drain System
Flumes

Yes

Daily

Daily

West Side
Piezometers

Yes

Daily

Daily

Barometer

Yes

Daily

Daily

Baseline Measurements

Baseline measurements were obtained from the instrumentation after installation was
completed. These initial readings and calibration data are listed for each instrument in
Appendix C.
3.3

Threshold Limits & Alarm Conditions

For each instrument, a design or estimated reading (or range) indicative of predicted or
normal operation was established.
ADAS will “poll” the ADAS-monitored
instrumentation and compare the measurement with preset levels for each instrument. In
general, if specific measurement levels (threshold levels) for an instrument are exceeded,
an alarm condition occurs.
Threshold levels occur when the expected values are exceeded. Threshold levels, which
indicate a condition of potential concern has occurred, were selected for each type of
MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981

July 2009

Peace River/Manasota Regional Water Supply Authority * Embankment Performance Monitoring Plan x 10

instrument. The threshold levels for the ADAS-monitored embankment instrumentation
are presented in Table 3-2.
Two threshold levels were established for the instrumentation monitored by the ADAS: 1)
Level A, which requires increased monitoring of the condition being measured and
contact of the Authority Water Resources Director and the Engineer of Record within one
week, and 2) Level B, which requires contact of the Authority Water Resources Director
and the Engineer of Record within 24 hours. Threshold levels may be triggered by
exceedance of a threshold value or by exceedance of a rate of change.
The exterior piezometers and the flows through the toe drain will be affected by
precipitation and changes in the groundwater level, which could influence the readings
obtained by the instruments in these locations. If a threshold value is exceeded, a check of
the precipitation and of the instrument itself is necessary to verify if the reading is being
influenced by outside factors. Duration of instrument measurements exceeding the
threshold values and the number of instruments indicating exceedance of threshold values
are included for some of the instruments (e.g., exterior piezometers) listed in Table 3-2.
The purpose of the requirements is to minimize the potential for alerts being triggered by
an anomalous reading that is not indicative of actual conditions.
The interior piezometers are sensitive to changes in the reservoir level, particularly the
rate of drawdown of the reservoir level. Threshold values for the interior piezometers are
not easily defined as the inter-relationships between the reservoir level, rate of change in
the reservoir level and location of the piezometer factor into the response of the
instrumentation. Therefore, threshold values for the interior piezometers have not been
included in Table 3-2. Interpretation of the data collected from the interior piezometers
shall be performed by the Engineer of Record in collaboration with the Operator.
Threshold values provided in Table 3-2 may be adjusted by the Engineer of Record based
on the data obtained by the instrumentation.
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Table 3-2: Alarm Conditions for ADAS-Monitored Equipment
Level A

Instrumentation

Exterior
Piezometers1
(Crest,
exterior slope
and perimeter
toe locations)

Value

Δ Change

Threshold

Rate of
Change
Seepage
Flumes

Reservoir
Level2

1.5 ft change in water level
in 24 hrs
- or 0.5 x Change in Reservoir
Level
Piezometer exceeds
threshold value for 5 days
with an increasing trend
(See values for individual
piezometers in Table E-2)
25% change in measured
flow in 24 hrs

Threshold

1.5 x Qd (see values for
individual seepage flumes
in Table E-4)

Rate of
Change

Reservoir discharge rate
0.2 ft/day exceeds

Threshold

Reservoir level exceeds 6
in. above seasonal value for
5 days (see O&M for
seasonal values)

Level B
Action

Check precipitation
Check piezometers
Notify the Authority
and Engineer of
Record within 1 week
Increase reading
frequency to hourly
Check precipitation
Perform visual
inspection of seepage
and flume/ultrasonic
unit installation
Notify the Authority
and Engineer of
Record within 1 week

Notify the Authority
Water Resources
Director

Value

Action

At least 2 piezometers in a
Study Section indicating 3 ft
change in water level in 24 hrs
- or Notify the Authority
1 x Change in Reservoir Level
and Engineer of
At least 2 piezometers in a
Record within 24 hrs
Study Section exceed
threshold value (See values for
individual piezometers in
Table E-3)
50% change in measured flow
in 24 hrs

10 x Qd (see values for
individual seepage flumes in
Table E-4)

Reservoir discharge exceeds
0.3 ft/day (60 MGD)
Reservoir level exceeds El.
66.2 ft
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Level A

Instrumentation

Value

Level B
Action

Value

Action

Displacement exceeds 5 in. for
24 hrs

Notify the Authority
and Engineer of
Record within 24 hrs

Check extensometer
wire
Extensometers

Threshold

Displacement exceeds 2.5
in. for 24 hrs

Notify the Authority
and Engineer of
Record within 1 week

**Precipitation and fluctuations in groundwater levels could influence the piezometer readings and toe drain seepage values
1
Perimeter piezometers are not included in the exterior piezometers category.
2
Reservoir level reading is the average value from the two reservoir level transducers
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4.0 INSPECTIONS
The purpose of conducting field inspections is to observe the characteristics of the
reservoir embankment and associated facilities and equipment while in operation and
visually detect any potential malfunctions or unexpected behavior.
4.1

Regular Inspections

The inspection program includes regular (routine, periodic, and comprehensive)
inspections and inspections after extreme natural events (major storms, hurricanes,
earthquakes, etc.). Table 4-1 below summarizes the inspection schedule for Reservoir #2.
Table 4-1: Inspection Schedule

Inspection Type

Method/
Coverage

Routine

Driving
Inspection

Dry/Rainy
Season

Reservoir Inspection
First 12
12 to 36
After 36
Months
Months
Months

May - Oct

Daily

Daily

Daily

Nov - Apr

Daily

Weekly

Weekly

May - Oct

Weekly

Weekly

Monthly

Nov - Apr

Weekly

Monthly

Monthly

Comprehensive

Inspection by
team including
Engineer of
Record and
operations staff

Annually

Annually

Annually

Post Extreme
Event

Inspection by
Operator &
Chief Engineer

As needed

As needed

As needed

Monthly

Monthly

Monthly

Periodic

Performance
Monitoring
Reports

Driving +
Ground Level
Inspection

Inspection results will be recorded in the Dam Inspection Report. A form template for the
Reservoir inspections is included in Appendix F. The interior instrumentation will be
inspected following the Interior Instrumentation Inspection and Maintenance Plan
included in Appendix G.
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Routine Inspections

During operation of the facility, operations personnel will routinely traverse portions of
the facility. Some critical conditions that could develop may be averted by early, prompt
action. Operations personnel should be trained to look for, note and report any unusual
conditions, such as erosion gullies on the downstream slope of the embankment, new
seeps or changes in seepage, and changes in seepage outfall drains into Reservoir #1
(either quantities, or cloudy instead of clear).
The inspection results are to be documented in a log book.
4.1.2

Periodic Inspections

Periodic inspections of the facility should be performed by the reservoir operator
following the Reservoir Inspection Schedule. These inspections should focus on
embankment performance. The personnel responsible for the visual surveillance activities
should be trained in identifying potential or developing problems through visual
inspections. At a minimum, the inspection should include the following:
•
•

•
•

Description of the weather conditions including temperature, precipitation, wind
direction, and wind speed.
A review of the entire Reservoir embankment for:
o Erosion of the slope, or at the downstream toe
o Seeps, unusually lush vegetation
o Cracks
o Settlement
o Sinkholes
o Cracking or movement of the soil-cement interior slope protection
o Other unusual conditions based on the operators experience
A visual survey of the drain system outfalls for cloudy seepage or evidence of
material movement.
Review of ADAS system signals for proper operation and storage of the data.

Unusual or nonconforming conditions should be recorded. Unusual or non-conforming
conditions requiring immediate implementation of emergency response protocols could
include the following (note that unusual conditions observed by on-site personnel should
be recorded in a logbook and discussed during project reviews):
• Excessive erosion
• Excessive seepage
• Sinkhole development
• New seep, spring, sand boil
• Slumps or slides on either the interior or exterior slope of the embankment
• Loss of freeboard
• Excessive embankment settlement
• High phreatic surface within or at the toe of the embankment
• Embankment cracking
Inspection of facility instrumentation is to be performed on a periodic basis to check the
instrumentation installation visually for improper operation or the development of
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unexpected conditions. The personnel responsible for the instrumentation surveillance
activities should be trained in identifying potential or developing problems through visual
inspections. At a minimum, the periodic inspection of the instrumentation should include
the following:
•
•
•

Verify that the piezometers are delivering reasonable readings and the instrument
cables are not damaged.
RTUs are intact and functioning.
Seepage flumes are providing reasonable readings and are not obstructed.

Notifications should be made for any observation that requires maintenance activities to
reestablish proper operating conditions, limit damage, limit excessive wear, or correct
potential noncompliance with the ERP.
4.1.3

Comprehensive Inspections

The comprehensive inspections of the Reservoir are a more formal review of the condition
of the Reservoir by a representative of the Engineer of Record. The comprehensive
inspection is to be performed by an inspection team with representatives of the Engineer
of Record and operations staff, and is to include:
•
•
•
•
•
4.1.4

Review of the Reservoir performance versus design
Review monitoring data
Detailed field inspection of all Reservoir facilities
Review of survey data
Inspect condition of instrument installations
Inspection after Extreme Events

Following a flood or precipitation event causing significant run-off, the Reservoir should
be inspected by the operator and the Chief Engineer for indications of damage or
instability. The inspection should include at a minimum:
•
•
•

Embankment inspection (e.g., erosion, seeps and sloughs)
Review or erosion adjacent to structures or at the drain system outfalls
Review of erosion or sedimentation of the channel downstream of outfalls

The findings are to be immediately reported verbally and in writing to the Authority’s
Operations Director and the Engineer of Record.
4.2

Inspection Protocol

A detailed inspection is to include a comprehensive walkover of the dam, including
walking the dam crest and observing the dam face. The exterior toe area and the soilcement on the interior side of the embankment should also be closely observed. Key
items to observe for are signs or evidence of seepage, such as:
•
•

wet spots on the face of the dam, and the toe of the dam
lush vegetation during the dry season
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soft spots on the face of the dam
cracking of the soil-cement facing (larger than hairline up to 1/8-inch cracks)

Other items of interest include:
•
•

Observation of the crest and slopes of the dam for evidence of settlement and/or
deformation.
Observation of the crest for cracks

The inspections should be carried out systematically. By following a consistent sequence
of inspection, the possibility of an important condition being overlooked by the inspector
is lessened and provides consistent records. A typical sequence is as follows:
• Interior slope (to the extent visible)
• Crest
• Exterior slope and swale
• Perimeter to a distance of 50 ft
• Seepage collection and discharge structures
Inspectors are to be familiar with the general plan and layout of the dam. The inspector
should carry a notebook binder with relevant dam construction drawings. The drawings
are to be used to record locations of observations of items of interest.
Accurate and detailed descriptions of current conditions and potential problems observed
during inspections will be recorded. The information obtained from the inspections will
enable comparison of conditions over time. Detailed information includes location
(embankment station and centerline offset), extent of area in question, and description and
photograph of anomalous condition.
Inspection equipment should include:
• Inspection check list
• Notebook and pencil
• Digital camera
• Hand level
• Flashlight
• Rock hammer
• Binoculars
• Gallon container and stopwatch
• Shovel
• Tape measure (50- foot or 100-foot)
• Stakes and flagging to mark locations for subsequent inspections.
Appropriate personal protective equipment should be used during inspection activities.
Communication and first aid should also be addressed before inspections commence.
4.3

Record Keeping

A dated inspection report will be filled out for each inspection and will be filed along with
any digital photographs taken. A photographic record of inspections is important to
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document conditions. General overview photographs should be taken of the interior and
exterior slope of the embankment, toe storm water ditch and crest of the dam.
Photographs should be taken from the same locations to establish a record for identifying
changes over time. In addition, photographs should be taken of specific, unusual features
such as seepage areas and erosion rills or gullies when they are first noted, and on weekly
intervals or when there is a noticeable change in condition. In addition to observations
made during an inspection, monitoring measurements and weather conditions should be
recorded and included in the inspection record.
Immediately following an inspection, observations should be compared with previous
records to see if there are any trends that may indicate developing problems. If a
questionable change is noted, Authority staff should consult a professional engineer
experienced in embankment safety.

MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981

July 2009

Peace River/Manasota Regional Water Supply Authority * Embankment Performance Monitoring Plan x 19

5.0 DOCUMENTATION AND REPORTING
5.1

Documentation

The monitoring and inspection results described in Section 2 and Section 4 will be
summarized in report forms included in Appendix B and Appendix F, respectively. All
inspection reports and monitoring data must be archived in an orderly manner so that they
can be retrieved and reviewed at any time. The archiving system and formats for retrieval
of data are described herein.
5.1.1

Storing Electronic Data

The electronic instrumentation is monitored remotely and readings are stored in the
ADAS database and in raw form at the RTUs on the dam. Instrumentation data is to be
organized by year and month, by location (i.e., embankment segment), and by type of
measurement/instrument.
Data stored in the ADAS is available to the Operator through a graphical interface and a
series of reports customized for easy interpretation of the data. Upon startup, the initial
readings and calibration information were established for each instrument (see
Appendix C) and programmed into the ADAS to convert the raw data into the desired
information (e.g., elevation, flow rate). After any subsequent recalibration (due to
replacement or repair of an instrument), the programming of the ADAS will be updated
with the new calibration data and initial readings.
The following data will be recorded in the ADAS:
• Drain system flume
• Barometric pressure
• Piezometer readings
• Extensometer readings
• Reservoir level
Data storage redundancy for the ADAS is available at each RTU. Each RTU has the
capacity to store more than 2 years of raw data for the connected instruments. Backup of
the instrumentation data stored in the ADAS Host Computer should be performed on a
monthly basis to a back-up location not within the WTP building.
Standard reports will be generated to present the information regularly reviewed by the
Operator or the Engineer of Record.
Examples of formats for reporting the
instrumentation data (e.g., graphical plots) are included in Appendix B.
Unfavorable trends or measurements outside an acceptable range will trigger review by
the Engineer or a review of the operator’s procedures (see Section 3.2). Based on the
review of the data, the Engineer of Record may make adjustments to the criteria and
acceptable ranges, which should subsequently be programmed into the ADAS for easy
monitoring of performance.
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Electronic Files & Archives

The Monthly and Annual reports discussed in Section 5.2 are to be filed and archived
electronically by date after they have been reviewed and approved by the reservoir
operator. The review includes ensuring that all required information is recorded – no
blanks. Archiving the reports will permit the reconstruction of portions of the record in
the event that an automatic datalogger were to fail.
Inspection reports are to be scanned and electronically filed by date and include digital
photographs taken during the inspection.
The operator will electronically file the monthly, periodic and annual reports by the
Engineer and FDEP for use by the staff. The archives are to include the design report, asbuilt reports, any reports on remedial work by the Engineer, and reports on investigation
and responses to flood events. Electronic copies of the equipment specifications,
catalogues and manuals are also to be kept at the site for the operators use and updated as
equipment is replaced and upgraded.
5.2

Reporting

Monthly and annual reports will be submitted to the FDEP, as a requirement of the ERP.
Instrumentation measurements should be transmitted to FDEP in the following format:
tabular; charts showing flow rates and surface movement; and graphs showing
piezometric heads, reservoir level and precipitation plotted versus time. Examples of the
graphical formatting are included in Appendix B.
Electronic copies of the monthly and annual performance and monitoring reports
submitted to the FDEP are to be electronically stored and archived at the site, as discussed
in Section 5.1.
5.2.1

Monthly Reporting

Following completion of construction of the reservoir embankment, a Reservoir
Embankment Performance Monitoring Report shall be submitted to the FDEP on a
monthly basis for the life of the reservoir. The report shall contain:
•

•
•
•

An evaluation of the reservoir system, including the soil-bentonite cut-off wall and
drainage system, based on hydrogeological information obtained from the
piezometers within and surrounding the reservoir embankment. Cross section
views of the surficial aquifer should be included in each report as well as
hydrographs (reservoir levels) for Reservoir #1 and Reservoir #2;
A data summary of the amount of displacement at the embankment settlement
monitoring stations and along interior slope protection (extensometers); and
A summary of the data obtained from the piezometers within and surrounding the
embankment, including the piezometer data in tabular format and cross-section
views of the embankment showing the phreatic surface.
A data summary of the flow rate from the toe drains.
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Annual Reporting

A Reservoir Embankment Performance and Monitoring Annual Summary Report
shall be submitted to the FDEP annually. The report shall include plan and cross-section
views of the soil-bentonite wall and embankment including piezometers, the monitoring
data in tabular form, a discussion of the flow gradient and phreatic surface across the
embankment and barrier, and any problems or concerns that may affect dam stability or
slurry wall performance. The report shall be included in the Comprehensive Annual
Reservoir Report.
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APPENDIX A
INSTRUMENTATION PLAN VIEW & CROSS SECTIONS
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APPENDIX B
EXAMPLE GRAPHICAL PLOTS FOR INSTRUMENTATION DATA

Appendix B-1: Exterior Piezometers
Appendix B-2: Interior Piezometers
Appendix B-3: Seepage Flumes
Appendix B-4: Extensometers
Appendix B-5: Movement Monuments
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APPENDIX B-1
EXTERIOR PIEZOMETERS
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APPENDIX B-2
INTERIOR PIEZOMETERS
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APPENDIX B-3
SEEPAGE FLUMES
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APPENDIX B-4
EXTENSOMETERS
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APPENDIX B-5
MOVEMENT MONUMENTS
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APPENDIX C
INSTRUMENTATION CALIBRATION DATA & BASELINE READINGS

Appendix C-1: Exterior Piezometer Calibration & Initial Readings
Appendix C-2: Interior Piezometer and Extensometer Calibration &
Initial Readings
Appendix C-3: Movement Monuments Baseline Measurements
Appendix C-4: Ultrasonic Transducer Calibration & Initial Readings
<Being compiled by the contractor>
Appendix C-5: Correlation and Calibration between Reservoir Staff
Gauge & Reservoir Level Transducer <Being compiled
by the contractor>
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APPENDIX C-1
EXTERIOR PIEZOMETER CALIBRATION & INITIAL READINGS
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APPENDIX C-2
INTERIOR PIEZOMETER AND EXTENSOMETER CALIBRATION & INITIAL
READINGS
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APPENDIX C-3
MOVEMENT MONUMENTS BASELINE MEASUREMENTS

MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981

Peace River Reservoir No. 2 - Brass Disk Values
per E .F. Gaines Surveying Services, Inc. - Field Date 07/08/2009
EFG Point No.
12641

Northing
1003014.15

Easting
649980.66

Elevation
36.70

12642
12643
12645
12646
12647
12648
12649
12650
12651
12652
12653
12654
12655
12656
12657
12658
12659
12660
12661
12662
12663
12664
12665
12666
12626
12627
12628
12629
12630
12631
12632
12633
12634
12635
12636
12637
12638
12639
12640
12641
12646
12642
12643
12644
12645
12647

1004355.02
1003879.49
1003403.56
1002927.64
1002451.69
1001975.82
1001500.28
1001080.19
1000803.90
1000718.09
1000836.22
1001112.89
1001405.31
1001697.63
1001990.17
1002282.44
1002574.87
1002867.32
1003249.37
1003738.02
1004212.49
1004652.65
1005093.00
1005533.25
1005973.30
1006413.55
1006832.44
1007159.72
1007376.42
1007464.42
1007417.76
1007254.79
1007074.66
1006895.83
1006716.11
1006493.14
1006108.91
1005726.05
1005134.94
1004830.94
1004149.99
1000445.46
1003213.39
1006380.63
1007542.72
1002504.23

649991.65
649838.13
649684.14
649530.61
649377.20
649223.73
649068.48
648799.09
648383.58
647892.04
647407.22
646990.30
646584.86
646179.24
645773.56
645368.04
644962.52
644556.83
644237.58
644142.39
644292.76
644530.11
644766.86
645003.86
645241.30
645478.47
645754.99
646131.04
646581.68
647074.08
647572.13
648045.08
648511.67
648978.54
649445.20
649892.00
650209.86
650326.06
650243.32
650145.00
650278.19
647525.22
643645.09
645146.77
645926.19
652233.93

73.54
73.44
73.31
73.37
73.32
73.40
73.38
73.33
73.34
73.55
73.53
73.44
73.53
73.45
73.28
73.58
73.84
73.56
73.46
73.46
73.45
73.55
73.36
73.61
73.45
73.45
73.43
73.47
73.33
73.52
73.39
73.58
73.37
73.82
73.73
73.48
73.67
73.54
73.53
73.60
39.12
39.51
39.29
40.96
41.20
30.46

Description
Project Control Point 11096 17+79.40 Left 407.68'
Held as basis for Horizontal and Vertical
4+99.96 Left 6.31' - Brass Disk
9+99.66 Left 6.26' - Brass Disk
14+99.88 Left 5.90' - Brass Disk
19+99.96 Left 5.96' - Brass Disk
25+00.01 Left 6.15' - Brass Disk
30+00.02 Left 6.26' - Brass Disk
34+99.97 Left 6.20' - Brass Disk
39+99.97 Left 6.43' - Brass Disk
44+99.87 Left 6.37' - Brass Disk
49+99.88 Left 5.93' - Brass Disk
54+99.93 Left 6.22' - Brass Disk
59+99.96 Left 6.31' - Brass Disk
64+99.86 Left 6.20' - Brass Disk
69+99.84 Left 6.29' - Brass Disk
75+00.00 Left 6.23' - Brass Disk
79+99.87 Left 6.29' - Brass Disk
84+99.82 Left 6.23' - Brass Disk
89+99.03 Left 6.25' - Brass Disk
95+00.04 Left 6.05' - Brass Disk
100+00.11 Left 6.17' - Brass Disk
104+99.95 Left 6.24' - Brass Disk
110+00.02 Left 5.94' - Brass Disk
114+99.98 Left 6.27' - Brass Disk
119+99.97 Left 6.31' - Brass Disk
124+99.99 Left 5.88' - Brass Disk
130+00.06 Left 5.78' - Brass Disk
135+01.85 Left 7.13' - Brass Disk
140+00.09 Left 6.15' - Brass Disk
144+99.96 Left 6.35' - Brass Disk
149+99.99 Left 6.24' - Brass Disk
155+00.04 Left 6.42' - Brass Disk
159+99.89 Left 6.48' - Brass Disk
165+00.05 Left 5.85' - Brass Disk
169+99.99 Left 6.55' - Brass Disk
175+00.06 Left 6.33' - Brass Disk
179+99.93 Left 6.27' - Brass Disk
184+99.98 Left 5.95' - Brass Disk
188+99.99 Left 6.38' - Brass Disk
195+00.02 Left 6.27' - Brass Disk
198+19.53 Left 6.07' - Brass Disk
Weir at Pond No. 1 (east side) - Brass Disk
Weir at Pond No. 2 (south corner) - Brass Disk
Weir at Pond No. 3 (west corner) - Brass Disk
Weir at Pond No. 4 (northwest side) - Brass Disk
Weir at Pond No. 5 (north corner) - Brass Disk
Auxiliary Spillway at Reservoir No. 1 - Brass Disk
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APPENDIX C-4
ULTRASONIC TRANSDUCER CALIBRATION & INITIAL READINGS
<Being compiled by the contractor>
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APPENDIX C-5
CORRELATION AND CALIBRATION BETWEEN RESERVOIR STAFF GAUGE
& RESERVOIR LEVEL TRANSDUCER
<Being compiled by the contractor>
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APPENDIX D
FLOW RATES FOR SEEPAGE FLUMES

Table D-1: Seepage Flow Rates for 10” Palmer-Bowlus Flume
Table D-2: Seepage Flow Rates for 12” Palmer-Bowlus Flume
Table D-3: Seepage Flow Rates for XL 60V Trapezoidal Flume
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Table D-1: Seepage Flow Rates for 10” Palmer-Bowlus Flume
Measured
Depth (feet)
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41

Q (GPM)
4.14
6.17
8.45
10.98
13.74
16.72
19.92
23.34
26.96
30.79
34.82
39.06
43.50
48.15
53.02
58.10
63.40
68.93
74.70
80.70
86.96
93.47
100.25
107.29
114.62
122.24
130.14
138.36
146.87
155.70
164.85
174.32
184.12
194.24
204.68
215.45
226.54
237.95

Measured
Depth (feet)
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78

Q (GPM)
249.68
261.71
274.05
286.67
299.58
312.76
326.20
339.88
353.80
367.92
382.25
396.77
411.45
426.29
441.27
456.38
471.60
486.93
502.36
517.89
533.51
549.23
565.06
581.02
597.13
613.41
629.91
646.68
663.77
681.26
699.23
717.77
737.01
757.08
778.12
800.31
823.85
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Table D-2: Seepage Flow Rates for 12” Palmer-Bowlus Flume
Measured
Depth (feet)
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49

Q (GPM)
7.35
9.90
12.75
15.89
19.31
23.00
26.96
31.18
35.66
40.39
45.37
50.59
56.05
61.76
67.71
73.89
80.32
86.99
93.91
101.07
108.49
116.16
124.08
132.27
140.73
149.45
158.46
167.75
177.33
187.20
197.37
207.85
218.64
229.75
241.18
252.93
265.02
277.44
290.19
303.29
316.73
330.51
344.64
359.11
373.92

Measured
Depth (feet)
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.80
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.90
0.91
0.92
0.93
0.94

Q (GPM)
389.07
404.56
420.38
436.53
453.00
469.79
486.88
504.28
521.96
539.93
558.16
576.65
595.38
614.34
633.52
652.90
672.48
692.23
712.14
732.20
752.40
772.73
793.17
813.72
834.38
855.13
875.97
896.92
917.97
939.13
960.42
981.85
1003.46
1025.26
1047.31
1069.65
1092.33
1115.42
1138.99
1163.13
1187.93
1213.51
1239.99
1267.51
1296.23
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Table D-3: Seepage Flow Rates for XL 60V Trapezoidal Flume
Measured
Depth (feet)
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.2
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.3
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.4
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49

Q
(GPM)
0.085
0.178
0.314
0.501
0.742
1.044
1.846
2.356
2.942
3.61
4.363
5.204
6.14
7.165
8.292
9.521
10.85
12.29
13.85
15.51
17.3
19.2
21.22
23.37
25.65
28.05
30.59
33.26
36.08
39.03
42.12
45.36
48.74
52.28
55.97
59.81
63.81
67.96
72.28
76.76
81.4
86.21
91.19
96.35
101.7
107.2
112.8

Measured
Depth (feet)
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.6
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.7
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.8
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.9
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

Q
(GPM)
131
137.4
144
150.8
157.7
164.9
172.3
179.8
187.6
195.5
203.7
212.1
220.6
229.4
238.4
247.6
257
266.6
276.5
286.5
296.8
307.3
318
329
340.2
351.6
363.2
375.1
387.2
399.5
412.1
424.9
437.9
451.2
464.7
478.5
492.5
506.8
521.3
536.1
551.1
566.4
581.9
597.7
613.7
630
646.6
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Measured
Depth (feet)
0.51
0.52

Q
(GPM)
118.7
124.7

Measured
Depth (feet)
1

Q
(GPM)
663.4
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APPENDIX E
INSTRUMENTATION THRESHOLD VALUES FOR ADAS-MONITORED
EQUIPMENT

Table E-1:
Table E-2:
Table E-3:

Exterior Piezometer Level A Threshold Values
Exterior Piezometer Level B Threshold Values
Seepage Flume Threshold Values
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Table E-1: Exterior Piezometer Level A Threshold Values
Elevation, ft
Study Section
A
B
C
E
F
41.28
40.75
39.83
41.28
39.83
1
40.33
39.80
38.53
40.33
38.53
2
40.28
39.80
38.65
40.28
38.65
3
38.58
38.05
36.85
38.58
36.85
4
38.58
38.05
36.85
38.58
36.85
5
38.53
38.05
36.98
38.53
36.98
6
40.68
40.15
39.10
40.68
39.10
7
41.80
41.20
39.93
41.80
39.93
8
42.15
41.55
40.28
42.15
40.28
9
41.73
41.40
40.05
41.73
40.05
10
40.85
40.43
39.48
40.85
39.48
11

*A through F are piezometer designations at the study sections.
Table E-2: Exterior Piezometer Level B Threshold Values
Elevation, ft
Study Section
A
B
C
E
F
46.90
45.70
42.60
46.90
42.60
1
46.40
45.20
42.50
46.40
42.50
2
46.20
45.20
43.00
46.20
43.00
3
45.40
44.20
41.50
45.40
41.50
4
45.40
44.20
41.50
45.40
41.50
5
45.20
44.20
42.00
45.20
42.00
6
46.60
45.40
43.00
46.60
43.00
7
47.20
46.00
43.30
47.20
43.30
8
47.40
46.20
43.50
47.40
43.50
9
47.20
46.20
43.80
47.20
43.80
10
46.70
45.60
43.00
46.70
43.00
11

*A through F are piezometer designations at the study sections.
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Table E-3: Seepage Flume Threshold Values
Threshold
Seepage
Qd
(gpm)
Flume
A (gpm)
B (gpm)
10.5
15.8
105.0
SF-1
1.3
2.0
13.0
SF-2
2.2
3.1
22.0
SF-3
1.4
2.1
14.0
SF-4
8.7
13.1
87.0
SF-5
7.1
10.6
71.0
SF-6
2.7
4.1
27.2
SF-7
2.5
3.8
25.0
SF-8
1.0
1.5
10.0
SF-9
1.0
1.5
10.0
SF-10
1.0
1.5
10.0
SF-11
1.0
1.5
10.0
SF-12
2.5
3.7
24.8
SF-13
8.0
12.0
80.0
SF-14
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APPENDIX F
INSPECTION FORM

MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981

Page 1 of 2

DAM INSPECTION REPORT
Date of Inspection:
Name of Dam :

Peace River Reservoir #2
State: Florida
Type of Dam: Earthfill

Name of Inspector:
Dam ID :
County: DeSoto
Owner: Peace River/Manasota Regional Water Supply Authority

FIELD CONDITIONS OBSERVED:
Weather :
Temperature :
Estimated Freeboard:

Reservoir #2 El.:
Reservoir #1 El.:
YES NO STA

Offset

Remarks

INTERIOR SLOPE
Are there any signs of erosion due to wave action?
Misalignment/discplacement of soil cement? Cracks wider
than 1/8 to 1/4 inch?
Are there any signs of settlement, cracks, slides, slumps,
bulging, sinkholes, other?
CREST
Misalignment/discplacement of soil cement? Cracks wider
than 1/4 inch?
Are there any signs of settlement, cracks, slides, slumps,
bulging, sinkholes, other?
EXTERIOR SLOPE
Are there any signs of erosion gullies? Note location depth of
erosion and length.
Are there any signs of settlement, cracks, slides, slumps,
bulging, boils, sinkholes, other?
Seepage exiting the embankment/saturated emankment
area?
Seepage area at the toe of embankment? Erosion at area of
seepage?
Seepage/flow adjacent to water supply pipe? Seepage/flow
adjacent to outlet/spillway structure pipes?
Are there any tress, debris or bushes that prevent
inspection?
Are there any animal burrows, other?
DRAIN/SEEPAGE CONTROL SYSTEM
Are there any new signs of seepage exits at the embankment
(i.e flows of water or wet spots)?
Is there an increase in seepage in the outfall drains?
Are the drain outfalls observable? Any obstructions?
Is the water from the toe drains clear or cloudy? Any buildup
of sand or silt at outfall?
WATER SUPPLY (INLET) STRUCTURE
Are there any signs of spalling?
Are the concrete portions cracked or spalled?
Are the trashracks free of debris?
Do trashracks show any sign of corrosion?
Is any of the reinforcement exposed?

Copy of Dam Inspection Report_REV1.xlsx

(Note, water supply structure will typically be underwater)

Page 2 of 2

Date of Inspection:

Name of Inspector:
Dam ID :
County: DeSoto
Owner: Peace River/Manasota Regional Water Supply Authority

Name of Dam :

Peace River Reservoir #2
State: Florida
Type of Dam: Earthfill

OUTLET/SPILLWAY STRUCTURE
Access to structure good/poor?
Are the concrete portions cracked or spalled?
Are the trashracks free of debris?
Do trashracks show any sign of corrosion?
Is any of the reinforcement exposed?
Variable Crest Gate (Spillway crest): Record gate setting
Crest gate operable?
Are the slide or crest leaf gates stuck, broken or excessively
corroded?
Is there any displacement or offset of the joints?
Do the joints show any leakage?
Do slide or crest leaf gates show any leakage?
Dischage Strucutre: Any spalling, cracking, misalignment of
concrete walls or base slab?
Condition of chute blocks?
INSTRUMENTATION
Is there damage to the RTU Cabinets?
Is there damage to the piezometers?
Is there damage to extensometer housing?
Are the extensometer cables in good condition?
Is there debris on the extensometers?
Is there damage to instrument conduits?
Are the conduit anchors secure?
Note: Use Figure 2 of the Reservoir Operation and Maintenance Plan to locate items of concern
Immediately notify the PRMRWSA Operations Control Center (863‐993‐4565/4506/4567 Cell: 941‐915‐0738)

Overall Conditions :

Satisfactory

Fair

Poor

ITEMS REQUIRING IMMEDIATE ACTION
Erosion on downstream slope greater than 2 feet deep:
Clear trees and/or brush from:
Initiate rodent control program and properly backfill existing holes:
Provide surface drainage for:
Sand boils/concentrated seepage along downstream toe:
Bulging or depressions/sinkhole in embankment or within 100 ft:
Other:

Inspector's Signature

Copy of Dam Inspection Report_REV1.xlsx

Unsatisfactory
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APPENDIX G
INTERIOR INSTRUMENTATION INSPECTION & MAINTENANCE PLAN

MWH * 1000 N. Ashley Dr., Suite 1000 * Tampa, Florida 33602 * (813) 221-1981
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1.0

Peace River Manasota Regional Water Supply Authority x Embankment Performance Monitoring Plan x Appendices

INTRODUCTION

On June 26, 2009 the Florida Department of Environmental Protection (FDEP) approved a
modification to permit 14-0257291-002 authorizing the Peace River Manasota Regional
Water Supply Authority (Authority) to fill Reservoir #2 to elevation +38 feet prior to the
FDEP authorization to transfer the facility to operational status. This addendum identifies
the monitoring (inspection) and maintenance requirements for the upstream slope
instrumentation identified by Specific Conditions 120 and 121.

2.0

UPSTREAM SLOPE INSTRUMENTATION MONITORING
(INSPECTION) AND MAINTENANCE

Periodic inspection and maintenance of the upstream instrumentation will be conducted by
Peace River Manasota Regional Water Supply Authority (Authority) staff. Items
requiring inspection and maintenance consist of:
•
•
•
2.1

Piezometers
Extensometers
Exposed conduit and anchors
Piezometers

Piezometer function will be evaluated monthly by observing data recorded by the
instrument. Review of piezometer data and the response of pore pressure readings to
changes in reservoir levels should indicate whether the piezometers are functioning or not.
Visual inspections performed during the “Periodic Inspections” by the authority should
note damage to the piezometers or wiring.
The piezometers are sealed and should be relatively maintenance-free. If a piezometer
appears to be responding erratically, does not respond consistent with responses of other
piezometers, or ceases to respond, the cables and connections associated with that
particular instrument should be tested. If the piezometer is found to be faulty, the
Authority should consult with the Engineer of Record to identify the problem and develop
a solution.
2.2

Extensometers

Extensometer function will be evaluated monthly by observing data recorded by the
instrument. When accessible, periodic inspections should note condition of and potential
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damage to the extensometer equipment housing, the condition of the cables, and if the
equipment is free of debris.
If an extensometer appears to be responding erratically, contrary to visual observations of
the soil-cement, or ceases to respond, Authority staff will troubleshoot the equipment as
indicated in the Model 4427 VW Long Range Displacement Meter Instruction Manual. If
troubleshooting is unsuccessful, the Authority should consult with the Engineer of Record
to identify the problem and develop a solution.
2.3

Exposed Conduit and Anchors

Exposed conduit and anchors will be visually inspected when above the pool elevation.
Loose anchors and cracked, crushed, or otherwise compromised conduit will be replaced.
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APPENDIX H
DAM INSPECTION DESCRIPTIONS
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CHAPTER 5

SEEPAGE
5.1

5.2

INTRODUCTION
An earth dam is judged to be effective or ineffective
based on its ability to form a water barrier. In Chapter 2, we learned how different soils can help form a
barrier. In Chapter 3, various configurations of an
earth embankment were shown along with the paths
water will take through the embankment. Techniques
and procedures for inspecting the dam were presented in Chapter 4.
Seepage is discussed before any other portion of the
dam because detailed observation of the location and
extent of seepage water appearing on the ground surface can provide accurate information about a dam’s
performance and condition. By correctly interpreting
seepage patterns, the owner can identify and correct
many potential problems before they threaten the safety of the dam. Every area that is producing or has produced seepage must be identified and continually monitored. A record of the extent of flow areas and flow
quantities must be kept.
ITEMS OF PARTICULAR CONCERN
Excessive seepage can jeopardize the dam in two ways:
HIGH VELOCITY FLOWS THROUGH THE DAM
CAN SET UP PROGRESSIVE EROSION OF THE
EMBANKMENT MATERIALS, LEADING TO
FAILURE OF THE DAM.
SATURATED AREAS OF THE EMBANKMENT OR
ABUTMENT CAN MOVE IN MASSIVE SLIDES
AND LEAD TO FAILURE OF THE DAM.
Seepage in any area on or near the dam can be dangerous. All seepage should be treated as a potential
problem.
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5.

SPECIAL INSPECTION TECHNIQUES
SEARCH—Since seepage can be present but not seen,
an intensive search must be made of all downstream
areas where seepage water might emerge. Even in
short grass cover, the seepage may not be seen and
must be walked over to be found.
PROBING—Probing can help identify the limits of
saturated areas, the degree of wetness or saturation,
and the depth of softened surface materials.
DIFFERENCE IN VEGETATION—Vegetative growth
in moist or saturated areas is often of a different type
than surrounding areas or has a deeper green color or
more lush nature than drier neighboring areas. When
a difference is noted the greener area must be carefully examined for seepage.
TRACKS—The depth of footprints the inspector
leaves in wet or saturated material shows how soft
surface materials have become.

5.4

FIELD CONDITIONS ENCOUNTERED
The following table presents most of the harmful conditions caused by seepage that will be found at an
actual dam site. For each condition the cause, harm
done, and required corrective actions are given. Any
of the conditions that require assessment by an engineer should be reported to the State’s Dam Safety
Engineer at the time it is discovered.

5.5

SUMMARY
Careful inspection for and accurate assessment of
seepage can help the dam owner identify potential
problems before they threaten the safety of the dam.
Regular inspection of the dam can identify any changes
in previously noted conditions that may indicate a
safety problem.
Quick reaction to conditions requiring attention will
promote the safety and long life of the dam and possibly prevent costly repairs.
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

5.4-1

Cause:

Action:

EXCESSIVE MUDDY WATER
EXITING FROM A POINT
SOURCE

1. Water has created an open pathway, channel, or pipe through the
dam. The water is eroding and carrying embankment material.

1. Begin measuring outflow quantity and establishing whether water is
getting muddier, staying the same,
or clearing up.

2 Large amounts of water have
accumulated in the downstream
slope. Water and embankment materials are exiting at one point. Surface agitation may be causing the
muddy water.

2. If quantity of flow is increasing,
the water level in the reservoir should
be lowered until the flow stabilizes
or stops.

Harm:

Continued flows can further erode
embankment materials. This can lead
to failure of the dam.

3. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

5.4-2

Cause:

Action:

EXCESSIVE AMOUNT OF
WATER EXITING FROM A
POINT SOURCE

Water has created an open pathway
or pipe through the dam.

1. Begin measuring outflow quantity.

Harm:

2. If quantity of flow is increasing,
the water level in the reservoir may
need to be lowered until the flow stabilizes or stops.

Continued flows can further erode
embankment materials. This can lead
to failure of the dam.

3. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

5.4-3

Cause:

Action:

WATER EXITING FROM A
POINT SOURCE HIGH ON THE
EMBANKMENT

1. Rodents, frost action, or poor construction have allowed water to create an open pathway or pipe through
the embankment.

1. Begin measuring outflow quantity.

Harm:

1. Continued flows can saturate portions of the embankment and lead to
slides in the area.
2 Continued flows can further erode
embankment materials and lead to
failure of the dam.

2. If quantity of flow is increasing,
the water level in the reservoir needs
to be lowered until the leak stops.
3. Search for opening on upstream
side and plug it if possible.
4. A qualified engineer should
immediately inspect the condition
and recommend further action to be
taken.
ENGINEER REQUIRED

33

CAUSES & HARM DONE

PROBLEM
5.4-4
WATER
EXITING
RODENT HOLES

FROM

ACTION REQUIRED

Cause:

Action:

Diggings by the rodent have shortened the flow path.

1. Locate any entrance points on the
upstream slope and plug them.

Harm:

2. If the quantity of flow is increasing, the water level in the reservoir
needs to be lowered until the leak
stops.

Continued flows can further erode
embankment material and lead to
failure of the dam.

3. Bring a halt to the rodent activity (See Chapter 13).
4. A qualified engineer should
inspect the condition and recommend
further actions to be taken
ENGINEER REQUIRED
5.4-5

Cause:

Action:

STREAM OF WATER EXITING
THROUGH CRACKS NEAR
THE CREST

1. Severe drying has caused shrinkage of embankment material.

1. Plug the upstream side of the
crack to stop the flow.

2. Settlement in the embankment or
foundation is causing the transverse
cracks.

2. The water level in the reservoir
should be lowered until it is below
the level of the cracks.

Harm:

3. A qualified engineer should
inspect the condition and recommend
further actions to be taken.

Flow through the crack can cause
failure of the dam.

ENGINEER REQUIRED

5.4-6

Cause:

Action:

SEEPAGE WATER EXITING AS
A BOIL IN THE FOUNDATION

Some portion of the foundation
material is providing a flow path.
this could be caused by a sand or
gravel layer in the foundation.

1. Examine the boil for transportation of foundation materials.

Harm:

Increased flows can lead to erosion
of the foundation and failure of the
dam.

2. If soil particles are moving downstream, sandbags or earth should be
used to create a dike around the boil.
The pressure created by the water
level within the dike may control
flow velocities and temporarily prevent further erosion.
3. If erosion is becoming greater,
the reservoir level should be lowered.
4. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

5.4-7

Cause:

Action:

SEEPAGE WATER EXITING
FROM A POINT ADJACENT TO
THE OUTLET

1. A break in the outlet pipe.

1. Thoroughly investigate the area
by probing and/or shoveling to see
if the cause can be determined.

2. A path for flow has developed
along the outside of the outlet pipe.
Harm:

Continued flows can lead to rapid
erosion of embankment materials
and failure of the dam.

2. Determine if leakage water is carrying soil particles.
3. Determine quantity of flow.
4. If flow increases or is carrying
embankment materials, reservoir
level should be lowered until leakage stops.
5. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

Cause:

5.4-8
LEAKAGE IN OR AROUND
SPILLWAY

1. Cracks and joints in geologic formation at spillway are permitting
seepage.

Action:

2. Gravel or sand layers at spillway
are permitting seepage.

2. Measure flow quantity and check
for erosion of natural materials.

Harm:

3. If flow rate or amount of eroded
materials increases rapidly, reservoir
level should be lowered until flow
stabilizes or stops.

1. Could lead to excessive loss of
stored water.
2. Could lead to a progressive failure if velocities are high enough to
cause erosion of natural materials.

1. Examine exit area to see if type
of material can explain leakage.

4. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

5.4-9
SEEPAGE FROM A CONSTRUCTION JOINT OR CRACK
IN CONCRETE STRUCTURE

Cause:

Action:

Water is collecting behind structure
because of insufficient drainage or
clogged weep holes.

1. Check area behind wall for puddling of surface water.

Harm:

1. Can cause walls to tip in and over.
Flows through concrete can lead to
rapid deterioration from weathering.
2. If the spillway is located within
the embankment, rapid erosion can
lead to failure of the dam.

2. Check and clean as required; drain
outfalls, flush lines, and weep holes.
3. If condition persists a qualified
engineer should inspect the condition and recommend further actions
to be taken.
ENGINEER REQUIRED
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

5.4-10

Cause:

Action:

TOO MUCH LEAKAGE FROM
SPILLWAY UNDER DRAINS

Drain or cutoff may have failed.

1. Immediately measure flow quantity and check flows for transported
drain material.

Harm:

1. Excessive flows under the spillway could lead to erosion of foundation material and collapse of portions of the spillway.

2. If flows are accelerating at a fixed
storage level, the reservoir level
should be lowered until the flow stabilizes or stops.

2. Uncontrolled flows could lead to
loss of stored water.

3. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

5.4-11

Cause:

Action:

WET AREA IN HORIZONTAL
BAND

Frost layer or layer of sandy material in original construction.

1. Determine as closely as possible
the amount of flow being produced.

Harm:

2. If flow increases, reservoir level
should be reduced until flow stabilizes or stops.

1. Wetting of areas below the area
of excessive seepage can lead to
localized instability of the embankment. (SLIDES)
2. Excessive flows can lead to accelerated erosion of embankment materials and failure of the dam.

3. Stake out the exact area involved.
4. Using hand tools, try to identify
the material allowing the flow.
5. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED
Action:

5.4-12

Cause:

LARGE AREA SATURATED
FROM ABOVE

1. Water flowing through the
embankment.
2. Snowdrifts melting slowly during mild spring temperatures.
Harm:

Can lead to saturation of embankment materials and local or massive
slides which could cause failure of
the dam.

1. Investigate saturated area to determine depth and extent of saturation.
2. Inspect daily for developing
slides.
3. Water level in reservoir may need
to be lowered to assure the safety of
the embankment.
4. A qualified engineer should
inspect the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

36

PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

5.4-13

Cause:

Action:

SEEPAGE EXITING AT ABUTMENT CONTACT

1. Water flowing through pathways
in the abutment.

1. Investigate leakage area to determine quantity of flow and extent of
saturation.

2. Water flowing through the
embankment.
Harm:

Can lead to erosion of embankment
materials and failure of the dam.

2. Inspect daily for developing
slides.
3. Water level in reservoir may need
to be lowered to assure the safety of
the embankment.
4. A qualified engineer should
inspect the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

Cause:

5.4-14
LARGE AREA WET
PRODUCING FLOW

OR

A seepage path has developed
through the abutment or embankment.
Harm:

1. Increased flows could lead to erosion of embankment material and
failure of the dam.
2. Saturation of the embankment can
lead to local slides which could
cause failure of the dam.

Action:

1. Stake out the saturated area and
monitor for growth or shrinking.
2. Measure any outflows as accurately as possible.
3. Reservoir level may need to be
lowered if saturated areas increase
in size at a fixed storage level or if
flow increases.
4. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

Cause:

5.4-15
MARKED CHANGE IN
VEGETATION

1. Embankment materials are providing flow paths.
2. Natural seeding by wind.
3. Change in seed type during initial post construction seeding.
Harm:

Can indicate a saturated area.

Action:

1. Use probe and shovel to establish
if the materials in this area are wetter than in surrounding areas.
2. If area shows wetness when surrounding areas do not, a qualified
engineer should inspect the condition and recommend further actions
to be taken.
ENGINEER REQUIRED
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PROBLEM

ACTION REQUIRED

5.4-16

Cause:

Action:

BULGE IN LARGE WET AREA

Downstream embankment materials
have begun to move.

1. Compare embankment cross-section to the end of construction condition to see if observed condition
may reflect end of construction.

Harm:

Failure of the embankment due to
massive sliding can follow these initial movements.

2. Stake out affected area and accurately measure outflow.
3. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED
Action:

5.4-17
TRAMPOLINE EFFECT
LARGE SOGGY AREA

Cause:

IN

Water moving rapidly through the
embankment or foundation is being
controlled or contained by a wellestablished turf root system.
Harm:

Condition indicates excessive seepage in the area. If control layer of
turf is destroyed, rapid erosion of
foundation materials could result in
failure of the dam.

1. Carefully inspect the area for outflow quantity and any transported
materials.
2. A qualified engineer should
inspect the condition and recommend
further actions to be taken.
ENGINEER REQUIRED

Action:

5.4-18

Cause:

LEAKAGE FROM ABUTMENTS
BEYOND THE DAM

Water moving through cracks and
fissures in the abutment materials.
Harm:

1. Can lead to rapid erosion of abutment and evacuation of the reservoir.
2. Can lead to massive slides near
or downstream from the dam.

1. Carefully inspect the area to
determine quantity of flow and
amount of transported material.
2. A qualified engineer or geologist
should inspect the condition and recommend further actions to be taken.
ENGINEER REQUIRED

Action:
Cause:

5.4-19
LARGE INCREASE IN FLOW OR
SEDIMENT IN DRAIN OUTFALL

A shortened seepage path or
increased storage levels.
Harm:

1. Higher velocity flows can cause
erosion of drain then embankment
materials.
2. Can lead to piping failure.

1. Accurately measure outflow
quantity and determine amount of
increase over previous flow.
2. Collect jar samples to compare
turbidity.
3. If either quantity or turbidity has
increased by 25% a qualified engineer should evaluate the condition
and recommend further actions.
ENGINEER REQUIRED

CHAPTER 6

UPSTREAM SLOPE
6.1

INTRODUCTION
Now our attention will be concentrated on problems
that can be found on the upstream slope, in order to
allow the owners to identify conditions that threaten
the safety and long life of a dam. Although most of
these items can be corrected by normal maintenance,
more serious conditions will require inspections by
the State Engineer’s office and may require further
investigation by an experienced consulting engineer.
The items requiring the attention of an engineer will
be noted as “ENGINEER REQUIRED” on the Field
Conditions Chart—Upstream Slope which is provided at the end of this chapter.
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The lack of protection against wave action on the
upstream slope leads to erosion, and the decrease of
the embankment width and/or elevation which could
allow water to overflow the crest.

PHOTO 6.2—EROSION OF UPSTREAM FACE DUE TO LACK OF
PROTECTION AGAINST WAVE ACTION.

6.3

PHOTO 6.1—EXCELLENT UPSTREAM FACE. Note uniform surface
or riprap protection.

6.2

ITEMS OF PARTICULAR CONCERN
As the owner criss-crosses the upstream slope during
an inspection, he should look carefully for these three
items:
Cracks
Slides
Lack of protection of the upstream face
The first two of these conditions may indicate serious problems within the embankment.
Looking for and spotting cracks is difficult. The slope
must be transversed in such a manner that the inspector is likely to walk over the cracks. Cracks may be
only an inch or two wide but 2 or 3 feet deep. Usually a depth of 3 feet shows that the crack is not a harmless drying type crack. A 20-foot-long line of recently dislodged riprap along the upstream slope could
indicate a crack underneath the riprap. Cracks indicate possible foundation movement, embankment failure, or a surface slide.
Slides are almost as difficult to spot as cracks. Their
appearance is subtle, since there may be only about
2 feet of settlement or bulging out from the normal
slope in a distance of perhaps 100 feet. Also, when
the dam was finished, it may not have been uniformly graded by the bulldozer or grader operator. A good
familiarity with how the slope looked at the end of
construction helps identify any new slides.

SPECIAL INSPECTION TECHNIQUES
When walking on riprap, caution should be used to
avoid losing one’s footing. Most important, a crisscross path should be used for inspecting the slope so
that cracks and slides can be more easily seen. Many
times the water-line alignment will indicate a change
in the uniformity of the slope. The inspector should
stand at one end of the dam and sight along the water
line. Also, if a crack is seen, the crest and downstream
slope in that area should be carefully inspected to note
any other changes in that area of the embankment that
could be associated with the upstream crack.

FIGURE 6.3-1—USING CRISSCROSS INSPECTION PATH

6.4

TYPICAL MATERIALS
This information is presented to describe the array of
materials that can be used on the upstream slope.
1. UNPROTECTED EMBANKMENT is composed
of soils only and is exposed to wave action and
susceptible to erosion. Soil alone is adequate for
only small, gently sloped embankments where no
scraping is occurring. When scraping does occur,
protection must be improved to protect the dam.
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b. ROCK RIPRAP WITH BEDDING is composed
of rock graded from 3⁄16 inch to 31⁄2 inches, which
prevents soil from being washed out through the
voids in the larger rock rirrap. Riprap is larger
rock that is designed for thicknesses that prevent
wave action from eroding the embankment. Using
various sizes of rock is important so that rocks
lodge between other rocks forming a dense mat.
The slope should be gentle so that rocks do not
tumble to the bottom of the slope due to oversteepness.
c.

CONCRETE is comprised of concrete slabs that
provide a facing covering the upstream slope.
Joints must be watertight to prevent erosion of
soil that is behind the concrete.

d. SOIL CEMENT is a mixture of water, pulverized soil, and portland cement. When properly
constructed, it provides low cost, durable protection against wave action.
e.

ASPHALT PAVING is asphalt concrete laid
against a designed gravel bedding.

f.

STEEL is composed of steel plate welded together with a good design that includes expansioncontraction joints.
PROBLEM

6.5

FIELD CONDITIONS ENCOUNTERED

6.6

00
The three major problems encountered for an upstream
slope are:
Cracks
Slides
Lack of protection from wave action
The upstream slope needs a thorough inspection, since
the slope protection and water stored can hide problems. When the reservoir is emptied, the slope should
be thoroughly inspected for settlement areas, rodent
activity, sinkholes, or slides. Also, the reservoir basin
(bottom of the reservoir) should be inspected for sink
holes or settlement.
The dam’s owner, by applying the maximum prudent
effort, can identify any changes in previously noted
conditions that indicate a safety problem. A conscientious annual maintenance program will address and
control most of the conditions identified above. When
a questionable condition is found, the state’s dam
safety engineers should be notified immediately.
Quick corrective action to conditions requiring attention
will promote the safety and extend the useful life of
the dam while possibly preventing costly future repairs.

CAUSES & HARM DONE

ACTION REQUIRED

6.5-1

Cause:

Action:

SCARPS, BENCHES,
OVERSTEEP AREAS

Wave action, local settlement, or ice
action cause soil and rock to erode
and slide to the lower part of the
slope forming a bench.

Determine exact cause of scarps. Do
necessary earthwork, restore embankment to original slope, provide
adequate protection (bedding and
riprap). See Chapter 13.

Harm:

This eroded area lessens the width
and possible height of the embankment and could lead to increased
seepage or overtopping of the dam.

6.5-2

Cause:

Action:

SINKHOLE

The piping of embankment material or foundation material causes a
sink hole. The cave-in of an eroded
cavern can result in a sink hole. A
small hole in the wall of an outlet
pipe can develop a sink hole.

Inspect other portions of the dam for
seepage or additional sink holes.
Identify exact cause of sink holes.
Check seepage and leakage outflows
for dirty water.

Harm:

This condition can empty a reservoir
through a small hole in the wall of
an outlet pipe or can lead to failure
of a dam as soil pipes through the
foundation or a pervious portion of
the dam.

A qualified engineer should inspect
the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

41

CAUSES & HARM DONE

PROBLEM

ACTION REQUIRED

6.5-3

Cause:

Action:

SLIDE, SLUMP, OR SLIP

Earth or rocks move down the slope
along a slippage surface because they
were on too steep a slope, or the
foundation moves. Also, look for
slides in reservoir basin.

Evaluate extent of the slide. Monitor slide. (See Chapter 12.)

Harm:

A series of slides can lead to obstruction of the outlet or failure of the
dam.

6.5-4
BROKEN
RIPRAP

DOWN,

MISSING

Draw the reservoir level down if
safety of dam is threatened.
A qualified engineer should inspect
the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

Cause:

Action:

Poor quality riprap has deteriorated.
Wave action or ice action has displaced riprap. Round and similarsized rocks have rolled downhill.

Re-establish normal slope. Place
bedding and competent riprap. (See
Chapter 13).

Harm:

Wave action against these unprotected areas decreases embankment
width.

6.5-5

Cause:

Action:

EROSION BEHIND POORLY
GRADED RIPRAP

Similar-sized rocks allow waves to
pass between them and erode small
gravel particles and soil.

Re-establish effective slope protection. Place bedding material ENGINEER REQUIRED for design of
gradation and size of rock for bedding and riprap.

Harm:

Soil is eroded away from behind the
riprap. This allows riprap to settle,
providing less protection and
decreased embankment width.

A qualified engineer should inspect
the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

6.5-6

Cause:

Action:

LARGE CRACKS

A portion of the embankment has
moved due to loss of strength, or the
foundation may have moved, causing embankment movement.

Depending on the amount of
embankment involved, draw reservoir level down.

Harm:

Can lead to failure of the dam.

A qualified engineer should inspect
the conditions and recommend further actions to be taken.
ENGINEER REQUIRED
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

6.5-7

Cause:

Action:

CRACKS DUE TO DRYING

The soil loses its moisture and
shrinks, causing cracks.

1. Monitor cracks for increases in
width, depth, or length.

Note:

2. A qualified engineer should
inspect the condition and recommend
further actions to be taken.

Usually seen on crest and downstream slope mostly
Harm:

ENGINEER REQUIRED

Heavy rains can fill up cracks and
cause small portions of embankment
to move along internal slip surface.

Cause:

6.5-8
BEAVER OR MUSKRAT ACTIVITY

Holes, tunnels, and caverns are
caused by animal burrowings. Certain habitats like cattail type plants
and trees close to the reservoir
encourage these animals.

Action:

Remove rodents. Determine exact
location of digging and extent of tunneling. Remove habitat. Repair damages. (See Earthwork, Chapter 13.2.)

Harm:

If a tunnel exists through most of the
dam, it can lead to failure of the dam.

Cause:

6.5-9
CRACKED DETERIORATED
CONCRETE FACE

Concrete deteriorated due to weathering. Joint filler deteriorated or displaced.
Harm:

Soil is eroded behind the face and
caverns can be formed. Unsupported
sections of concrete crack. Ice action
may displace concrete.

Action:

1. Determine cause. Either patch
with grout or contact engineer for
permanent repair method.
2. If damage is extensive a qualified
engineer should inspect the conditions and recommend further actions
to be taken.
ENGINEER REQUIRED
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PHOTO 6.5-1—UNIFORM POORLY SIZED RIPRAP LEADS TO
EROSION OF SOIL BEHIND RIPRAP.

PHOTO 6.5-4—MUSKRAT DAMAGE

PHOTO 6.5-2—CRACK IN UPSTREAM SLOPE

PHOTO 6.5-5—BADLY DETERIORATED CONCRETE FACE

PHOTO 6.5-3—CRACK IN UPSTREAM SLOPE

PHOTO 6.5-6—SLIDE AT UPSTREAM SLOPE.
Note water line alignment
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PHOTO 6.5-7—EROSION AT UPSTREAM FACE

PHOTO 6.5-8—21'X21' SINK HOLE IN RESERVOIR BASIN

CHAPTER 7

CREST
7.1

INTRODUCTION
Now our attention will be concentrated on the crest
of the dam in order to allow owners to identify conditions that threaten the safety and long life of their
dam. Although some of these conditions can be corrected by normal maintenance, more serious deficiencies will require inspection by the State Engineer’s Office and may require further investigation by
an experienced consulting engineer. The conditions
requiring the attention of an engineer will be designated by the notation “ENGINEER REQUIRED’ on
the table presented in Section 7.5 of this chapter.

7.2

TYPICAL MATERIALS
This information is presented to describe to the reader the array of materials that can be found on the crest
of dams. The type of materials that are used or found
on the crest are often dictated by dam design or anticipated usage of the crest, including access and roadway requirements. Common materials encountered
include native earth, gravel, rock, concrete, or asphalt.
When access across the dam is needed only for maintenance operations that can be scheduled during favorable weather conditions, no special crest surfacing is
required. In these cases, the crest surfacing is usually composed of native earthen materials placed during
original embankment construction. If access across
the dam is imperative under all weather conditions
for the safe and routine operation of the dam, the crest
should be surfaced with a minimum of 4 inches of
gravel or road base material.
If the dam is a rockfilled structure, the crest will also
be rock. Again, if access is required, the top of the
rockfill is often smoothly finished or gravel is placed
on the crest to provide a smooth roadway.
If the crest conveys a road or highway, it should be
surfaced with a properly engineered roadway of roadbase material, asphalt, or reinforced concrete. The
crest surfacing must be capable of withstanding the
expected traffic loading and preventing damage to the
underlying dam structure.
If the dam contains an impervious core, adequate protective material should be provided on the crest to
protect the core from damage by frost heave and from
the formation of drying cracks at the top of the impervious core. In all cases, it is preferable that the material used to cover the crest be a material that will not
shrink or crack when dried out. This will prevent the
formation of drying cracks in the embankment and
the possible infiltration of surface runoff into the dam’s
cross-section through the surface cracking.

7.3

ITEMS OF PARTICULAR CONCERN
On the crest, some of the more threatening conditions
that may be identified during inspection are:
7.3-1 LONGITUDINAL CRACKING can indicate
localized instability, differential settlement,
and/or movement between adjacent sections of
the embankment. Longitudinal cracking is characterized by a single crack or a close, parallel
system of cracks along the crest in a direction
more or less parallel to the length of the dam.
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(See Photo 7.3-1) These cracks, which are continuous over their length and are usually greater
than 1 foot deep, can be differentiated from
drying cracks which are usually intermittent,
erratic in pattern, shallow, very narrow, and
numerous.
Longitudinal cracking may precede vertical displacement as the dam attempts to move to a position of greater stability. (See Photo 7.3-2.) Vertical displacements on the crest are usually
accompanied by displacements on the upstream
or downstream face of the dam. An example of
the development of a longitudinal crack into vertical displacement can be seen in Figure 7.3-1.

PHOTO 7.3-1—SEVERE LONGITUDINAL CRACKING. Cracking pattern indicates horizontal movement between adjacent sections of the dam.
Note the close parallel cracks.
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Transverse cracking poses a definite threat to the
safety and integrity of the dam. If the crack
should progress to a point below the reservoir
water surface elevation, seepage could progress
along the crack and through the embankment
cross-section. This could evolve into a piping situation, and if not corrected, lead to the failure
of the dam. An example of the progression of
the transverse crack can be seen in Figure 7.3-2.

FIGURE 7.3-2
TRANSVERSE CRACKING
Because of difference in settlement between high and low sections of the
embankment, a transverse crack can form through embankment section.
FIGURE 7.3-1
LONGITUDINAL CRACK PRECEDES EMBANKMENT FAILURE

FIGURE 7.3-2
VERTICAL DISPLACEMENT ON THE CREST OF A DAM. In its initial stages, this condition was detected as a longitudinal crack.

7.3-2 TRANSVERSE CRACKING can indicate differential settlement or movement between adjacent segments of the dam. Transverse cracking is
usually a single crack or a close, parallel system of
cracks which extend across the crest in a direction
more or less perpendicular to the length of the dam.
This type of cracking is usually greater than 1 foot
in depth and can easily be distinguished from drying cracks.
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If these conditions are identified or suspected, the State
Engineer’s Office should be notified immediately.
7.4

SPECIAL INSPECTION TECHNIQUES
The items of particular concern noted above are usually visibly detectable during a thorough and complete inspection of the dam, as described in Chapter 4.
While detection of longitudinal cracking, vertical displacement, or transverse cracking depends on a careful, thorough, and methodical visual inspection of the
crest surface, misalignment may only be detectable
by a general overview of the dam from either abutment. (See Figure 4.4-2.)
If the crest is straight for the length of the structure,
alignment is best checked by standing away from the
dam on either abutment and sighting along the
upstream and downstream edges of the crest. On
curved dams, alignment amy best be checked by standing at either end of a straight segment of the dam and
sighting along the crest’s upstream and downstream
edges, noting any curvature or misalignment in that
section.

7.5

PROBLEM CONDITIONS FOUND ON THE
CREST
Following are sketches of conditions that may be found
on the crest of the dam during an inspection. While
most of the conditions on the following tables can be
corrected by routine and periodic maintenance conducted by the owner, some of the conditions noted are
of a nature that threaten the safety and integrity of the
dam and require the attention of an experienced professional engineer. Conditions requiring the attention
of an engineer are identified by the notation “ENGINEER REQUIRED” under the “ACTION
REQUIRED” column of the tables.

7.6

SUMMARY
The dam’s crest usually provides the primary access
for inspection and maintenance. Since surface water
will pond on the crest unless that surface is well maintained, this part of the dam usually requires periodic
regrading. Problems found on the crest should not be
graded over. When a questionable condition is found,
the state’s dam safety engineers should be notified
immediately.
Quick corrective action applied to conditions requiring attention will promote the safety and extend the
useful life of the dam while possibly preventing costly future repairs.

FIGURE 7.3-3
TRANSVERSE CRACKING LEADS TO FAILURE

7.3-2 MISALIGNMENT can indicate relative movement between adjacent portions of the dam in directions perpendicular to the axis of the dam (See
Photo 7.3-4).

PHOTO 7.3-3—Well-graded straight crest of a newly completed dam.

Photo 7.3-4—Crest in poor condition showing evidence of misalignment.
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-1

Cause:

Action:

LONGITUDINAL CRACK

1. Uneven settlement between adjacent sections or zones within the
embankment.

1. Inspect crack and carefully record
location, length, depth, width, alignment, and other pertinent physical
features. Immediately stake out limits of cracking. Monitor frequently.
(See Section 12.5-2.)

2. Foundation failure causing loss of
support to embankment.
Harm:

1. Creates local area of low strength
within embankment. Could be the
point of initiation of future structural movement, deformation, or failure.
2 Provides entrance point for surface run-off into embankment, allowing saturation of adjacent embankment area. and possible lubrication
which could lead to localized failure.

2. Engineer should determine cause
of cracking and supervise steps necessary to reduce danger of dam and
correct condition.
3. Effectively seal the cracks at the
crest’s surface to prevent infiltration
by surface water. (See Section 13.2.)
4. Continue to routinely monitor
crest for evidence of further cracking.
ENGINEER REQUIRED

7.5-2
Action:

VERTICAL DISPLACEMENT
Cause:

1. Vertical movement between adjacent sections of the embankment.
2. Structural deformation or failure
caused by structural stress or instability, or by failure of the foundation.
Harm:

1. Provides local area of low
strength within embankment which
could cause future movement.
2. Leads to structural instability or
failure.
3. Provides entrance point for surface water that could further lubricate failure plane.
4. Reduces available embankment
cross section.

1. Carefully inspect displacement
and record its location, vertical and
horizontal displacement, length, and
other physical features. Immediately stake out limits of cracking. (See
Section 12.5.)
2. Engineer should determine cause
of displacement and supervise all
steps necessary to reduce danger to
dam and correct condition.
3. Excavate area to the bottom of
the displacement. Backfill excavation, using competent material and
correct construction techniques,
under supervision of engineer.
4. Continue to monitor areas routinely for evidence of future cracking
or movement. (See Section 12.5.)
ENGINEER REQUIRED
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-3

Cause:

Action:

TRANSVERSE CRACKING

1. Uneven movement between adjacent segments of the embankment.

1. Inspect crack and carefully record
crack location, length, depth, width,
and other pertinent physical features.
Stake out limits of cracking. (See
Section 12.5-2.)

2. Deformation caused by structural stress or instability.
Harm:

1. Can provide a path for seepage
through the embankment cross section.
2. Provides local area of low
strength within embankment. Future
structural movement, deformation,
or failure could begin at this point.
3. Provides entrance point for surface run-off to enter embankment.

2. Engineer should determine cause
of cracking and supervise all steps
necessary to reduce danger to dam
and correct condition.
3. Excavate crest along crack to a
point below the bottom of the crack.
Then backfill excavation using competent material and correct construction techniques. This will seal
the crack against seepage and surface run-off. (See Section 13.2.) This
should be supervised by engineer.
4. Continue to monitor crest routinely for evidence of future cracking.) (See Section 12.5.)
ENGINEER REQUIRED

7.5-4

Cause:

Action:

CREST MISALIGNMENT

1. Movement between adjacent portions of the structure.

1. Establish monuments across crest
to determine exact amount, location,
and extent of misalignment. (See
Section 12.5-1.)

2. Uneven deflection of dam under
loading by reservoir.
3. Structural deformation or failure
near area of misalignment.
Harm:

1. Area of misalignment is usually
accompanied by low area in crest
which reduces free board.
2. Can produce local areas of low
embankment strength which may
lead to failure.

2. Engineer should determine cause
of misalignment and supervise all
steps necessary to reduce threat to
dam and correct condition.
3. Monitor crest monuments on a
schedule basis following remedial
action to detect possible future movement. (See Section 12.5-1.)
ENGINEER REQUIRED
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-5

Cause:

Action:

LOW AREA IN CREST OF DAM

1. Excessive settlement in the
embankment or foundation directly
beneath the low area in the crest.

1. Establish monuments along length
of crest to determine exact amount,
location, and extent of settlement in
crest. (See Section 12.5-1.)

2. Internal erosion of embankment
material.
3. Foundation spreading toward
upstream and/or downstream direction.
4. Prolonged wind erosion of crest
area.
5. Improper final grading following
construction
Harm:

Reduces freeboard available to pass
flood flows safely through spillway.

2. Engineer should determine cause
of low area and supervise all steps
necessary to reduce possible threat
to the dam and correct condition.
3. Re-establish uniform crest elevation over crest length by placing fill
in low area using proper construction techniques. (See Section 13.2.)
This should be supervised by engineer.
4. Re-establish monuments across
crest of dam and monitor monuments on a routine basis to detect
possible future settlement. (See Section 12.5-1.)
ENGINEER REQUIRED

7.5-6

Cause:

Action:

SINKHOLE IN CREST

1. Rodent activity.

1. Carefully inspect and record location and physical characteristics
(depth, width, length) of sinkhole.

2. Hole in outlet conduit is causing
erosion of embankment material.
3. Internal erosion or piping of
embankment material by seepage.
4. Breakdown of dispersive clays
within embankment by seepage
waters.
Harm:

1. Void within dam could cause
localized caving, sloughing, instability, or reduced embankment cross
section.
2. Entrance point for surface water.

2. Engineer should determine cause
of sinkhole and supervise all steps
necessary to reduce threat to dam
and correct condition.
3. Excavate sinkhole, slope sides of
excavation, and backfill hole with
competent material using proper construction techniques. (See Section
13.2.) This should be supervised by
engineer.
ENGINEER REQUIRED
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-7

Cause:

Action:

OBSCURING VEGETATION

Neglect of dam and lack of proper
maintenance procedures.

1. Remove all detrimental growth
from the dam. This would include
removal of trees, bushes, brush,
conifers, and growth other than
grass. Grass should be encouraged
on all segments of the dam to prevent erosion by surface run-off. Root
systems should also be removed to
the maximum practical extent. The
void which results from removing
the root system should be backfilled
with competent, well-compacted
material. (See Section 13.1.)

Harm:

1. Obscures large portions of the
dam, preventing adequate, accurate
visual inspection of all portions of
the dam. Problems which threaten
the integrity of the dam can develop
and remain undetected until they
progress to a point that threatens the
dam’s safety.
2. Associated root systems develop
and penetrate into the dam’s cross
section. When the vegetation dies,
the decaying root systems can provide paths for seepage. This reduces
the effective seepage path through
the embankment and could lead to
possible piping situations.
3. Prevents easy access to all portions of the dam for operation, maintenance, and inspection.

2. Future undesirable growth should
be removed by cutting or spraying,
as part of an annual maintenance
program. (See Section 13.1.)
3. All cuttings or debris resulting
from the vegetative removal should
be immediately taken from the dam
and properly disposed of outside the
reservoir basin.

4. Provides habitat for rodents.
7.5-8

Cause:

Action:

RODENT ACTIVITY

Burrowing animals.

1. Completely backfill the hold with
competent, well compacted material.
(See Section 13.2.)

Harm:

1. Entrance point for surface runoff
to enter dam. Could saturate adjacent portions of the dam.
2. Especially dangerous if hole penetrates dam below phreatic line. During periods of high storage, seepage
path through the dam would be
greatly reduced and a piping situation could develop.

2. Initiate a rodent control program
to prevent the propagation of the burrowing animal population and to prevent future damage to the dam. (See
Section 13.3.)

7.5-9

Cause:

Action:

GULLY ON CREST

1. Poor grading and improper
drainage of crest. Improper drainage
causes surface run-off to collect and
drain off crest at low point in
upstream or downstream shoulder.

1. Restore freeboard to dam by
adding fill material in low area, using
proper construction techniques. (See
Section 13.2.)

2. Inadequate spillway capacity
which has caused dam to overtop.

2. Regrade crest to provide proper
drainage of surface run-off.

1. Can reduce available freeboard.

3. If gully was caused by over-topping, provide adequate spillway
which meets current design standards.
This should be done by engineer.

2. Reduces cross-sectional area of dam.

4. Re-establish protective cover.

Harm:

3. Inhibits access to all parts of the
crest and dam.
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-10

Cause:

Action:

RUTS ALONG CREST

Heavy vehicle traffic without adequate or proper maintenance or proper crest surfacing.

1. Drain standing water from ruts.

Harm:

1. Inhibits easy access to all parts
of crest.
2. Allows continued development of
rutting.
3. Allows standing water to collect
and saturate crest of dam.

2. Regrade and recompact crest to
restore integrity and provide proper
drainage toward upstream slope. (See
Section 13.2.)
3. Provide gravel or roadbase material to accommodate traffic.
4. Perform periodic maintenance and
regrading to prevent reformation of
ruts.

4. Operating and maintenance vehicles can get stuck.

7.5-11

Cause:

Action:

PUDDLING ON CREST—
POOR DRAINAGE

1. Poor grading and improper
drainage of crest.

1. Drain standing water from puddles.

2. Localized consolidation or settlement on crest allows puddles to
develop.

2. Regrade and recompact crest to
restore integrity and provide proper
drainage toward upstream slope. (See
Section 13.2.)

Harm:

1. Causes localized saturation of the
crest.
2. Inhibits access to all portions of
the dam and crest.

3. Provide gravel or roadbase material to accommodate traffic.
4. Perform periodic maintenance and
regrading to prevent reformation of
ruts.

3. Becomes progressively worse if
not corrected.

7.5-12
DRYING CRACKS

Cause:

Action:

Material on the crest of dam expands
and contracts with alternate wetting
and drying of weather cycles. Drying
cracks are usually short, shallow, narrow, and numerous.

1. Seal surface of cracks with a tight,
impervious material. (See Section
13.2.)

Harm:

Provides point of entrance for surface run-off and surface moisture,
causing saturation of adjacent
embankment areas. This saturation
and subsequent drying of the dam
could cause further cracking.

OR
2. Routinely grade crest to provide
proper drainage and fill cracks.
OR
3. Cover crest with non-plastic (not
clay) material to prevent large moisture content variations with respect to
time.
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CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

7.5-13

Cause:

Action:

CREST CAMBER

Results from construction. Proportionally more fill is placed on crest in
higher segments of the embankment
during construction to compensate
for anticipated settlement within the
dam and foundation.

None.

Harm:

None.

PHOTO 7.5-1.A—VERTICAL DISPLACEMENT ON CREST.

PHOTO 7.5-2—LOW AREA IN THE CREST OF A DAM, caused by a
foundation failure.

SMALL
SINKHOLE

LARGE
SINKHOLE

PHOTO 7.5-1.B—VERTICAL DISPLACEMENT ON THE CREST OF A
DAM. This vertical movement was associated with a slip on the downstream face.

PHOTO 7.5-3—SINKHOLES IN THE CREST OF A DAM, caused by
consolidation of low density embankment material.
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PHOTO 7.5-7—RUTS IN THE CREST OF A DAM
PHOTO 7.5-4—THE CREST OF A DAM PARTIALLY OVERGROWN
AND OBSCURED DUE TO EXCESSIVE BRUSH GROWTH.

PHOTO 7.5-5—RODENT HOLE FOUND ON THE CREST OF A
DAM

PHOTO 7.5-8—LONGITUDINAL DRYING CRACKS ON THE
CREST OF A DAM. These cracks are caused by drying of the crest surface and are only 6-8 inches deep.

PHOTO 7.5-6—RUNOFF GULLIES FORMING ON THE DOWNSTREAM SHOULDER OF THE CREST

PHOTO 7.5-9—CAMBER INCORPORATED INTO CREST DURING
CONSTRUCTION. Camber is greatest over highest section of the dam

CHAPTER 8

DOWNSTREAM SLOPE
8.1

INTRODUCTION
Now our attention will be concentrated on the downstream slope in order to allow the owners to identify
conditions that threaten the safety and long life of the
dam. Although most of these items can be corrected by
normal maintenance, more serious conditions will
require inspection by the State Engineer’s Office and
may require further investigation by an experienced
consulting engineer. The items requiring the attention
of an engineer will be noted “ENGINEER
REQUIRED.”

8.2

ITEMS OF PARTICULAR CONCERN
On the downstream slope some of the more threatening conditions that may be identified during inspections
are:
CRACKS
SLIDES
SEEPAGE
Cracks can indicate settlement, drying and shrinkage,
or a slide developing in the embankment. Whatever
the cause, cracks should be monitored and changes in
length and width noted. A suggested method for monitoring cracks is presented in Section 12.5-2.
Drying cracks may appear and disappear seasonally
and normally will not show vertical displacement like
that associated with settlement cracks or slide cracks.
(See Figure 8.2-1.)
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green grass on the slope usually indicates a seepage
area. A crack such as the one shown in the photo below
is difficult to locate. To help distinguish drying cracks
from other types, the ground surface adjacent to the dam
should be examined for similar cracking patterns.

PHOTO 8.3-1—Three-fourth-inch-wide crack, well hidden in grass cover.

Constant vigilance by the owner is necessary in order
to identify potentially dangerous situations which threaten the safety and long life of the dam.
8.4

TYPICAL MATERIALS
This information is presented to describe the materials
that can be used on the downstream slope.
The two most common materials are unprotected
embankment (compacted fill) and rock.
Embankment or compacted fill is usually covered with
grasses to prevent erosion. An example is shown in the
photo below.

FIGURE 8.2-1—DISPLACEMENT AT CRACK

Slides are easily spotted and require immediate evaluation by the State Engineer’s Office. There are, however, early warning signs of a slide. A bulge in the
embankment or vertical displacement at a crack in the
embankment may indicate sliding.
Seepage occurs at all dams in varying degrees. The
most potentially dangerous condition is the appearance of seepage on the downstream face above the
toe of the dam. Seepage on the downstream slope can
lead to a slide or failure of the dam by piping. Refer
to Chapter 5 for details concerning seepage.
If these three conditions are identified or suspected, the
State Engineer’s Office should be notified immediately.
8.3

SPECIAL INSPECTION TECHNIQUES
If the downstream slope is covered with heavy brush or
vegetation, a more concentrated search must be made
to identify cracks or seepage. A concentration of thick

Photo 8.4-1—Early stage of growth for grass slope protection.

The fill material is usually from a local source and additional material for making repairs is usually available.
A thick stand of vegetation such as that shown below
is not recommended because it obscures visual inspection of the surface.
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PHOTO 8.4-2—UNDESIRABLE AMOUNT OF VEGETATION

Rock is placed on the compacted fill for erosion protection and is the preferred method of protecting the
slope from erosion.

PHOTO 8.4-3—Example of well-placed riprap on the downstream slope.

8.5

PROBLEMS FOUND IN THE FIELD
The following charts are presented to help the owner
readily identify problems that appear on the downstream slope. The charts also point out the HAZARDOUS problems where evaluation by an ENGINEER IS REQUIRED.

8.1

SUMMARY
The downstream slope is especially important during
inspection because it is the area where evidence of
developing problems appears most frequently. The
area requires especially detailed inspection. In order to
assure the safety of the dam, it is important to keep
this area free from obscuring growth.
When cracks, slides or seepage are noted in this area,
the State Engineer’s Office should be notified
immediately.
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

8.5-1

Cause:

Action:

EROSION

Water from intense rainstorms or
snow-melt carries surface material
down the slope, resulting in continuous troughs.

1. The preferred method to protect
eroded areas is rock or riprap. (See
Section 6.4 for information on
riprap.)

Harm:

2≠ Re-establishing protective grasses can be adequate if the problem is
detected early.

If allowed to continue, erosion can
lead to eventual deterioration of the
downstream slope which can shorten the seepage path.

8.5-2

Cause:

Action:

TRANSVERSE CRACKING

1. Drying and shrinkage of surface
material is most common.

1. If necessary plug upstream end
of crack to prevent flows from the
reservoir.

2. Differential settlement of the
embankment also leads to transverse
cracking (e.g., center settles more
than abutments).
Harm:

2. A qualified engineer should
inspect the conditions and recommend further actions to be taken.
ENGINEER REQUIRED

1. Shrinkage cracks allow water to
enter the embankment. This promotes saturation and increases freeze
thaw action.
2. Settlement cracks can lead to
seepage of reservoir water through
the dam.
8.5-3

Cause:

Action:

LONGITUDINAL CRACKING

1. Drying and shrinkage of surface
material.

1. If cracks are from drying, dress
area with well-compacted material
to keep surface water out and natural moisture in.

2. Downstream movement or settlement of embankment.
Harm:
1. Can be an early warning of a
potential slide.
2. Shrinkage cracks allow water to
enter the embankment and freezing
will further crack the embankment.
3. Settlement or slide indicating loss
of strength in embankment can lead
to failure.

2. If cracks are extensive, a qualified engineer should inspect the conditions and recommend further
actions to be taken.
ENGINEER REQUIRED
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

8.5-4

Cause:

Action:

SLIDE/SLOUGH

1. Lack of or loss of strength of
embankment material.

HAZARDOUS

2. Loss of strength can be attributed
to infiltration of water into the
embankment or loss of support by
the foundation.
Harm:
Can lead to failure of the dam.

1. Measure extent and displacement
of slide.
2. If continued movement is seen,
begin lowering water level until
movement stops.
3. Have a qualified engineer inspect
the condition and recommend further action.
ENGINEER REQUIRED

8.5-5

Cause:

Action:

SLUMP

Preceded by erosion undercutting a
portion of the slope. Can also be
found on relatively steep slopes.

1. Inspect area for seepage.

Harm:

3. Have a qualified engineer inspect
the condition and recommend further action.

(LOCALIZED CONDITION)

Can expose impervious zone to
erosion.

2. Monitor for progressive failure.

ENGINEER REQUIRED

8.5-6

Cause:

Action:

SINK HOLE/COLLAPSE

Lack of adequate compaction; rodent
hole below; piping through embankment or foundation.

1. Inspect for and immediately
repair rodent holes. Control rodents
to prevent future damage.

Harm:

2. Have a qualified engineer inspect
the condition and recommend further action.

Shortens seepage path, can lead to
wash out of embankment.

ENGINEER REQUIRED
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PROBLEM

CAUSES & HARM DONE

ACTION REQUIRED

8.5-7

Cause:

Action:

TREES/OBSCURING BRUSH

Natural vegetation in area.

1. Remove all large, deep-rooted
trees and shrubs on or near the
embankment. Properly backfill void.
See Chapter 13.

Harm:
Large tree roots can create seepage
paths. Brushes can obscure visual
inspection and harbor rodents.

2. Control all other vegetation on
the embankment that obscures visual inspection. See Chapter 13.

8.5-8

Cause:

Action:

RODENT ACTIVITY

Over-abundance of rodents.

1. Control rodents to prevent additional damage. (See Chapter 13.)

Harm:
reduces length of seepage path. Can
lead to piping failure.

2. Backfill existing rodent holes. (See
Chapter 13.)

8.5-9

Cause:

Action:

LIVESTOCK/CATTLE
TRAFFIC

Excessive travel by livestock especially harmful to slope when wet.

1. Fence livestock outside embankment area.

Harm:

2. Repair erosion protection, i.e.,
riprap, grass.

Creates areas bare of erosion protection and causes erosion channels.
Allows water to stand. Area susceptible to drying cracks.
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PHOTO 8.5-1—EROSION D/S FACE

PHOTO 8.5-2—TRANSVERSE CRACKING

PHOTO 8.5-3—LONGITUDINAL CRACKING
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PHOTO 8.5-4—SLIDE/SLOUGH

PHOTO 8.5-6—SINK HOLE/COLLAPSE

PHOTO 8.5-5—SLUMP

CHAPTER 9

OUTLET SYSTEM
9.1

9.2

INTRODUCTION
Now our attention will be concentrated on the Outlet
System in order to allow the owners to identify readily conditions that threaten the safety and long life of
the dam. Although most of these items can be corrected by normal maintenance, more serious conditions will require inspection by the State Engineer’s
Office and may require further investigation by an
experienced consulting engineer. The items requiring
the attention of an engineer will be noted below as
“Engineer Required.”
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Seepage Cutoff Collar—A ring of metal or concrete,
built around the outside of the outlet conduit. It is
designed to limit the flow of seepage water adjacent
to the pipe.
Stilling Basin—A man-made or natural basin, located at the downstream end of the outlet conduit and
designed so outlet releases do not erode the toe of the
dam.
9.3

IMPORTANT PRINCIPLES
9.3-1 Cavitation: When water flows through an outlet
system and passes restrictions (e.g., valves), a
pressure drop may occur. If localized water pressures drop below the vapor pressure of water, a
partial vacuum is created and the water actually
boils, causing cavities of water vapor within the
flowing water. These cavities later collapse, causing shockwaves, which can damage the outlet
pipe or control valve. This process, called cavitation1, can be a serious problem for tall dams
where discharge velocities are high. Two typical
examples of cavitation damage are shown in photos 9.3-1 and 9.3-2 below.

TYPICAL OUTLET CONFIGURATIONS
Basic functions of the outlet were covered in Chapter
3, Section 3.8. The following diagrams are provided
to aid the dam owner toward the task of detailed
inspection of the outlet system.

FIGURE 9.2-1—Typical outlet configuration with upstream valve

FIGURE 9.2-2—Typical outlet configuration with control valve in wet
well and downstream regulating valve

PHOTO 9.3-1—CAVITATION DAMAGE TO BUTTERFLY VALVE.
(Note pock mark pattern on valve leaf.)

The following terminology is discussed with reference to Figures 9.2-1 and 9.2-2.
Airvent Pipe—A pipe designed to provide air to the
outlet conduit for the purpose of reducing turbulence
during release of water. Extra air is usually necessary
downstream of constrictions (e.g., valves). See discussion of “Cavitation,’ Section 9.3
Thrust Block—A concrete block which supports the
outlet control and absorbs the force exerted by the
stem whenever the valve is opened or closed.
Trashrack—A screen or grating set over the outlet
intake structure, and designed to keep debris from
entering and clogging the conduit.

PHOTO 9.3-2—CAVITATION DAMAGE TO STEEL PIPE LINER.
Cavitation has eaten through steel to expose concrete behind liner.
1

Applied Hydraulics in Engineering. Henry M. Morris, p. 251.
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Cavitation is reduced by introducing air through a vent
pipe at a point downstream of the control valve, where
a pressure drop is expected. (See Figure 9.2-1). The vent
pipe establishes atmospheric pressure so that a partial
vacuum is not created, and cavitation is avoided.
9.3-2 Location of Outlet Valve: Figures 9.2-1 and
9.2-2 show valves at several possible locations
along the conduit. The preferred location is at the
upstream end. In this configuration the pipe downstream of the valve is not pressurized. Also, the
outlet conduit may be dewatered for inspection
or repair, and in an emergency involving failure
of the conduit. (See Section 9.4.) None of these
advantages is present when the valve is located
at the downstream end of the conduit, and the
pipe is continually pressurized under full reservoir
head. If a downstream valve is used for flow regulation, the system should also have a guard gate
near its upstream end. (See Figure 9.2-2.)
9.4 ITEMS OF PARTICULAR CONCERN
Figures 9.4-1, 9.4-2, and 9.4-3 show progressive failure of an outlet system by three typical modes. These
types of failures are associated with a hole which
develops in the conduit, followed by erosion of the
surrounding embankment. These conditions require
the assistance of an engineer.

FIGURE 9.4-2—Reservoir emptied through the outlet because of a hole
in the upstream end of the pipe.

Upstream valve. Outlet conduit is not pressurized.
a.

Hole develops due to rusting, etc. Water seeps
from reservoir into conduit.

b. Hole in conduit enlarges, seepage increases, and
a piping failure starts and progresses toward the
reservoir. A sinkhole develops on upstream slope.
c.

Sinkhole enlarges and reservoir evacuates through
outlet conduit.

FIGURE 9.4-1—Failure caused by leakage along the outside of the outlet pipe.

The outlet conduit is pressurized by the downstream
valve which has no upstream guard gate.
a.

Hole develops due to rusting, cavitation, settlement,
etc. of conduit. Seepage waters flow out into
embankment, and along conduit, to toe of dam.

b. Hole in conduit enlarges and seepage increases.
A piping failure starts and progresses upstream.
c.

The piping failure is complete when it reaches the
hole in the outlet conduit. The reservoir evacuates, washing away part of the dam and the downstream portion of conduit.

Figure 9.4-3—Turbulence and pressure created by debris in the pipe
causes sinkhole in the downstream slope.

Upstream valve. Outlet conduit becomes pressurized
because of a buildup of debris in the pipe.
a.

Hole develops due to rusting, etc. Debris partially blocks conduit, causing water to seep into
embankment.

b. Hole is enlarged by additional release of water
and a cavity develops above pipe. Pumping action
of released water slowly erodes embankment.
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c.

Cavity collapses, leaving a sinkhole on the downstream slope. Reservoir does not evacuate since
upstream control valve is undamaged. See Photo
9.4-1.

PHOTO 9.4-1—SINKHOLE ON DOWNSTREAM SLOPE ABOVE OUTLET CONDUIT. Failure occurred as described in Figure 9.4-3.

9.5

SPECIAL INSPECTION TECHNIQUES AND
REQUIREMENTS
Inspection of the outlet system is necessary to confirm that the system is functioning properly, as well as
to detect problems which could lead to failure.
9.5-1 Testing the Outlet System
a. All valves should be fully opened and
closed at least once a year. This limits corrosion buildup on control stems and gate
guides and provides an opportunity to
check for smooth operation of the system.
Jerky or erratic operation could indicate
problems, requiring more detailed inspection.
b. The system should be checked through the
full range of gate settings. Slowly open the
valve, checking for noise and vibration.
Certain valve settings may result in greater
turbulence. Check for noise which sounds
like gravel being rapidly transported
through the system. This sound indicates
that cavitation is occurring. These gate settings should be avoided. (See Section 9.l3.)
c. Check the operation of all mechanical and
electrical systems associated with the outlet. Backup electric motors, power generators, and power and lighting wiring should
function as intended and be in a safe condition. (See Chapter 13, Sections 13.6, 13.7,
and 13.8.)

9.5-2 Inspection of Outlet System: Accessible portions of the outlet, such as the outfall structure
and control, can be easily and regularly inspected. However, sever problems (Section 9.4) are
commonly associated with deterioration or failure
of portions of the system which are either buried
in the dam or normally under water.
a. Outlet pipes 30 inches or greater in diameter can be inspected internally, provided
the system has an upstream valve, allowing the pipe to be dewatered. Refer to Table
9.8 for conditions to look for. Tapping the
conduit interior with a hammer will help
locate voids which may exist behind the
pipe. This type of inspection should be performed at least once a year.
b. Small diameter outlet pipes can be inspected by remote TV camera. The camera is
moved through the conduit and transmits
a picture to an equipment truck, where it
can be viewed by a technician. This type
inspection is expensive and usually requires
the services of an engineer. However, if no
other method of inspection is possible, the
use of TV equipment is recommended at
least once every five years.
c. Outlet intake structures, wetwells, and outlet pipes with only downstream valves, are
the most difficult to inspect because they
are usually under water. These should be
scheduled for inspection when the reservoir is drawn down or at five year intervals. If a definite problem is suspected, or
if the reservoir remains full over extended
periods, divers should be hired to perform
an underwater inspection.
9.6 TYPICAL MATERIALS
Table 9.6-1 describes materials commonly used for
outlet conduits. The information is general and intended to aid the dam owner by identifying potential weaknesses of each material type. For more specific information, refer to footnote references.
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TABLE 9.6-1
MATERIALS USED IN OUTLET PIPES
TYPE

DRAWING OR
DESCRIPTION

METAL PIPES
1.

CMP
(Ref.1)

2.

CAST IRON
(Ref.2)

3.

DUCTILE
IRON

ADVANTAGES

DISADVANTAGES

Corrugated Metal Pipe

Low Cost.
Light Weight.
Flexibility.

Not watertight; can’t be used
as pressurized pipe. Requires
tar protection to inhibit rusting. Subject to structural collapse under high loading.
Roughness reduces capacity.

Bell and Spigot Joint
With Gasket

Durable. History of satisfactory service commonly exceeds
100 years. Oxides of corrosion
adhere and help protect the
pipe from further attack.
High strength.

Brittle and difficult to weld;
cracks if subjected to severe
impact or ice action. Tuberculation (formation of rust modules) decreases pipe inside
diameter and increases roughness; cement lining usually
desirable.

Bell and Spigot Joint
With Gasket

High strength with some flexibility; not brittle like cast iron.
(Other advantages similar to
cast iron.)

Tuberculation. (See Cast Iron.)

Bell and Spigot Joint
With Gasket

High strength and flexibility
without cracking.
Easily welded for water-tight
connection.
Forms good liner for concrete
encased pipe.

Failure by rusting or chemical
attack; oxides flake off, exposing pipe to further attack.
Surface protection required.

Reinforced Concrete Pipe

High strength.
Not subject to corrosion.
Rubber gasket joints form
watertight connection.

Brittle; can chip or crack if
subjected to impact or differential settlement. Heavy; difficult to handle. Subject to
erosion by sediment washed
through pipe.

Asbestos-Cement Pipe

Will not corrode; contains no
metal or organic material.
Light weight; easy to install.

Brittle; can be broken by
impact or differential settlement.

Adds strength to the steel conduit, by surrounding it with
reinforced concrete. If the liner
rusts out, outlet can usually be
repaired by relining.

Added cost.

(Ref.2)

4.

STEEL
(Ref.1)

CONCRETE PIPES
1.

RCP
(Ref. 3)

2.

ACP
(Ref.4)

Collar Joint With Gaskets
3.

CONCRETE
ENCASED
PIPE
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TABLE 9.6-1 (CONTINUED)
MATERIALS USED IN OUTLET PIPES
DRAWING OR
DESCRIPTION

TYPE
4.

DISADVANTAGES

High strength.
Any size or shape can be constructed.

Special forming required;
added cost.

Will not corrode.
Smooth interior; less resistance
to flow.

Brittle; pipe and joints easily
damaged by impact or differential settlement. Not normally used as pressure pipe;
joints may leak.

Heat Fused Butt Joint

Flexible and very tough; will
not develop stress cracks.
Lightweight and will not corrode.
Very smooth; little resistance
to flow. Watertight.

Limited in-place testing. May
collapse or creep under high
loading; concrete encasement
may be required.

CAST-IN
PLACE
CONCRETE
CONDUIT

MISCELLANEOUS
MATERIALS
1.

ADVANTAGES

Vitrified Clay Pipe

VCP
Bell and Spigot, Mortared
Joint

2.

POLYETHYLENE
(REF.5)

3.

PVC

Glued Collar Joint

Lightweight and inexpensive.
Easy assembly; no special
tools.
Smooth and will not corrode.

Limited in-place testing. May
“sunburn” and become brittle
if exposed to sunlight for
extended periods.

4.

WOOD STAVE

Steel Bands

Will not rust.
Smooth and not damaged by
freezing. Lightweight.

Relatively short life unless
kept saturated. High cost of
maintenance. Seldom used in
current design. High leakage;
low strength.

REFERENCES:

9.7

1.
2.
3.
4.
5.
6.

Corrugated Metal Pipe, Catalog C-1B, Thompson Pipe & Steel Co., Denver, CO.
Handbook of Cast Iron Pipe, 3rd Ed., Cast Iron Pipe Research Association.
Engineering Manual, Lock Joint Concrete Pressure Pipe, Interpace Corporation.
Sewer Pipe Manual, Johns-Manville.
Driscopipe 7600, Phillips Products Co., Inc.
Water Supply and Sewage, by Steel, pp. 114-115.

TYPES OF OUTLET VALVES
Table 9.7-1 shows several specific types of valves,
with the intent of aiding the dam owner in inspection
of his outlet. Valves can be generally classified based
upon their intended function as follows:
Guard Gate: A valve located at or near the upstream
end of the pipe and maintained in the fully open position. The valve may be closed to dewater the conduit
for inspection, maintenance, or in an emergency
involving failure of the outlet system. (See Section
9.4.) The guard gate is designed to be either fully
open or fully closed. It should not be used as a regulating valve.

Regulating Valve: A valve used to adjust the rate of
water release. It may be located at any point along
the conduit, but must function well under the full range
of valve settings. For most dams, an airvent is required
just downstream of this valve to reduce turbulence
and cavitation. (See Section 9.3.)
Free Discharge Valve: A regulating valve, located at
the downstream end of the outlet pipe and designed to
discharge directly into the air.
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TABLE 9.7-1
OUTLET VALVES
DRAWING OR DESCRIPTION

TYPE

USES AND DISCUSSION
The most common type of valve. Used
as regulating or guard valve at
upstream end of outlet pipe, or in wet
well. Mechanically simple and available in a variety of sizes and shapes.
Suitable for dams of low to moderate
height. If used to regulate flow, an airvent is recommended just downstream
of the valve.

SLIDE GATE
OR
SLUICE GATE
(Ref. 2)

GATE VALVE

Typically used as a regulating valve
or guard valve at the upstream end of
the conduit or in an outlet well. Since
the valve is watertight, the outlet well
remains dry. The gate leaf is wedgeshaped and seals into a tapered seat.

(Ref. 1)

If a gate valve is used for regulation, an
airvent is recommended just downstream of the valve.
Performs best as an upstream guard
gate. If used for regulation, certain
valve openings cause turbulence and
cavitation. Airvent required downstream of valve, if used for regulation.

BUTTERFLY
VALVE
(Ref. 2)

BALL VALVE,
PLUG VALVE,
OR CONE VALVE.
(Ref. 1)

FREE DISCHARGE VALVE
(HOWELL-BUNGER,
OR
HOLLOW JET)
(Ref. 3)

Located at downstream end of outlet
conduit, discharging into the air (free
discharge). Excellent regulating valve;
functions well in a wide range of
release rates. Used primarily on high
dams where outlet pressures are great.
Upstream guard gate required.
Used as guard gate at upstream end of
outlet conduit. Normally in the fully
open position. Valve is closed only to
dewater the outlet conduit for maintenance, inspection, or in an emergency.

FLAP GATE
(Ref. 2)
SHEAR GATE
(Ref. 1)

REFERENCES:

Used in low head situations or as a
guard valve. Intermediate valve settings may result in turbulence and cavitation (airvent recommended).

1. Water Supply and Sewage, by Steel, pp. 152-153.
2. Waterman Catalog.
3. Handbook of Dam Engineering, p. 538.
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9.8

FIELD CONDITIONS TO LOOK FOR
Table 9.8 describes specific conditions which may be
found during an inspection of the outlet system. The
dam owner should use this information in conjunction with the diagrams and discussion in Section 9.5.
If serious conditions similar to those described in Section 9.4 are discovered, engineering assistance should
be obtained.

TABLE 9.8
OUTLET INSPECTION – SPECIFIC ITEMS TO LOOK FOR
CONDITION FOUND

CAUSES & HARM DONE

ACTION REQUIRED

9.8-1
OUTLET PIPE DAMAGE

Cause:
Settlement; impact.
(See Photo 9.8-2).

For all conditions:
Check for evidence of water either
entering or exiting pipe at crack/
hole/etc.

Cause:
Rust (steel pipe)
Erosion (concrete pipe)
Cavitation
(See Photo 9.8-1.)

Tap pipe in vicinity of damaged area,
listening for hollow sound which
indicates a void has formed along the
outside of the conduit.

Cause:
Settlement or poor construction
practice.
Harm:
Provides passageway for water to exit
or enter pipe.
(Refer to Section 9.4.)

If a progressive failure similar to those
shown in Section 9.4 is suspected,
request engineering assistance.

Cause:
Trashrack missing or damaged.
Harm:
Gate will not close. Gate or stem may
be damaged in effort to close gate.

Raise and lower gate slowly until
debris is loosened and floats past
valve. When reservoir is lowered,
repair or replace trashrack.

CRACKED GATE LEAF

Cause:
Ice action, rust, impact, vibration, or
stress resulting from forcing gate
closed when it is jammed.
Harm:
Gate-leaf may fail completely, evacuating reservoir.

Use valve only in fully open or closed
position. Minimize use of valve until
leaf can be repaired or replace.

DAMAGED GATE LEAF OR
GUIDE

Cause:
Rust, erosion, cavitation, vibration,
or wear.
Harm:
Leakage and loss of support for gate
leaf. Gate may bind in guides and
become inoperable.

Minimize use of valve until guides/
seats can be repaired. If cavitation is
the cause, check to see if air vent pipe
exists, and is unobstructed. (See Photo
9.8-3.)

9.8-2 VALVE LEAKAGE
DEBRIS STRUCK UNDER GATE
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CONDITION FOUND
9.8-3 CONTROL WORKS

CAUSES & HARM DONE
1.

BROKEN SUPPORT
BLOCK:
Cause
Concrete deterioration.
Excessive force exerted on control stem by attempting to open
gate when it was jammed.
Harm:
Causes control support block to
tilt; control stem may bind. Control headworks may settle. Gate
may not open all the way. Support block may fail completely,
leaving outlet inoperable.

2.

BENT/BROKEN CONTROL
STEM:
Cause
Rust. Excess force used to
open or close gate. Inadequate
or broken stem guides.
Harm:
Outlet is inoperable.

3.

BROKEN/MISSING STEM
GUIDES:
Cause
Rust. Inadequate lubrication.
Excess force used to open or
close gate when it was jammed.
Harm:
Loss of support for control
stem. Stem may buckle and
break under even normal use,
(as in this example).

9.8-4

Cause:

FAILURE OF CONCRETE
OUTFALL STRUCTURE

Excessive side pressures on nonreinforced concrete structure. Poor
concrete quality.
Harm:
Loss of outfall structure exposes
embankment to erosion by outlet
releases.

9.8-5

Cause:

OUTLET RELEASES ERODING
TOE OF DAM

Outlet pipe too short. Lack of energy-dissipating pool or structure at
downstream end of conduit.
Harm:
Erosion of toe oversteepens downstream slope, causing progressive
sloughing.

ACTION REQUIRED
Any of these conditions can mean
the control is either inoperable or at
best partially operable. Use of the
system should be minimized or discontinued. If the outlet system has a
second control valve, consider using
it to regulate releases until repairs
can be made. (Refer to Chapter 13.6,
operating gates, maintenance.) Engineering assistance is recommended.

Check for progressive failure by
monitoring typical dimension, such
as “d” shown in figure.
Repair by patching cracks and providing drainage around concrete
structure. Total replacement of outfall structure may be required.

Extend pipe beyond toe (use a pipe
of same size and material, and form
watertight connection to existing
conduit).
Protect embankment with riprap over
suitable bedding.
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9.5

SUMMARY
Proper inspection of the outlet usually requires advance
planning to allow outflows to be shut off and inundated areas to be pumped out. Inspection by the
owner’s representative can usually determine if a problem exists with the outlet. In most cases an experienced engineer will be required to recommend corrective action when problems are found. The State
Engineer’s Office should be notified when outlet
inspections are planned to allow it to schedule its participation. The engineer may be able to advise the
owner of prudent maintenance or repairs.

PHOTO 9.8-1—OUTLET—INTERNAL EROSION
Hole in cast-in-place concrete lining, caused by turbulence and erosion.

PHOTO 9.8-2—OUTLET DETERIORATION
Crack in cast-in-place concrete lining. Settlement may have been responsible. Note tree roots entering tunnel, lower left of photo.

PHOTO 9.8-3—SIDE BY SIDE SLIDE GATES
Gate leakage and cavitation damage to bull nose pier. Note exposed reinforcing steel. Air vent pipe at top of photo.

