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PART 1 – GENERAL INFORMATION
This Operation and Maintenance (O&M) Manual outlines the procedures required for proper
operation and maintenance of the flood management components located in the El Zagal area.
Proper management of these components qualifies the earthen levee surrounding the El Zagal
golf course to be certified and accredited by the Flood Emergency Management Agency (FEMA)
regarding the 1-percent chance annual flood.
The flood risk management project levees and floodwall reduces flood risk to property from the
1-percent chance flood. This project also includes improvements to the storm sewer system of
the surrounding area to improve functionality of the system during flood events. The area
containing the mentioned improvements will be hereinafter referenced as the “project area”.
Careful inspection, proper maintenance, and establishment of effective operational procedures
can prevent serious flood damages that could result from failure of any part of the project. This
manual will serve as a guide to properly operate and maintain the components of this project, and
shall be updated semi-annually or as needed to include any project modifications.

1.1

Authority

In accordance with the Code of Federal Regulations (CFR), Title 44, Chapter 1, Section 65.10,
all operation and maintenance activities must be under the jurisdiction of a Federal or State
agency, an agency created by Federal or State law, or an agency of a community participating in
the National Flood Insurance Program (NFIP). As the local sponsor and a participating
community of the NFIP, the City of Fargo (City) will be the authority responsible of all
operation and maintenance activities regarding the flood management components located in the
project area.

1.2

Superintendent

The City shall identify a project superintendent to responsibly manage the project. The project
superintendent is responsible for ensuring proper operation and coordinating maintenance work.
It is encouraged that the project superintendent assembles a team that is trained to properly
operate and maintain the components of this project for effectiveness and efficiency during flood
periods. Contact information is included in Appendix A & Appendix H. Any updates to the
contact information should be included in the next semi-annual report.
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1.3

Background

1.3.1 Location
The project is located along the El Zagal golf course in northeastern Fargo, North Dakota, and
adjacent to the Red River as shown in Figure 1.1. The north and south limits of the project are
bordered by 15th Avenue N. and Elm Street.

Figure 1.1 –Location of the project area in Fargo, North Dakota
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1.3.2 Historic Flooding
The Red River Valley was once the bed of glacial Lake Agassiz and the resulting terrain is
extremely flat and prone to flooding. The National Weather Service (NWS) has designated 18
feet as the minor flood stage at the Fargo USGS gage. This stage has been exceeded by the Red
River in 50 of the past 111 years. It was exceeded consecutively from 1993 to 2011, and again
in 2013 and 2014. Figure 1.2 shows USGS hydrographs from five recent flood events [1]. The
Fargo-Moorhead metropolitan area is currently protected by several permanent levees as well as
a series of emergency levees that are constructed during flood events. Although the emergency
flood protection has been effective for the past flood events, the United States Army Corps of
Engineers (USACE) has estimated that the annual damages would be $194.8 million if
emergency measures were to fail [2].

Figure 1.2 – Fargo USGS Gage Flood Event Comparison [1]
*USGS Gage height can be converted to sea level by adding 861.8 feet (NGVD 1929)

1.3.3 Project Background
Elm Street is a landmark in Fargo for being the first street to close due to flood stages along the
Red River, which occurs at a river stage of approximately 18 feet at the Fargo USGS gage. A
non-certified dike adjacent and parallel to Elm Street was constructed under emergency
conditions in the 1960’s. This dike is not included in the Project Area and was not improved
during the project. When the Red River reaches flood stages of 34 feet, the dike is overtopped,
resulting in the golf course becoming inundated with water.
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The El Zagal Area Flood Risk Management project includes a levee and floodwall system
designed to protect the area near the golf course from the 1-percent chance flood as determined
by FEMA. The project was constructed in two phases. Phase 1 included a levee system
surrounding the golf course, two reinforced concrete gatewell structures and a 24-inch diameter
storm sewer forcemain, which was a modification to an existing stormwater pump station. Phase
2 of the project tied into the levee from Phase 1 on the south side of the golf course and
continued south until crossing Elm Street. Phase 2 included a levee and floodwall system with a
temporary closure structure that can be assembled with aluminum stoplogs. Phase 2 also
included a gatewell structure to prevent Red River floodwaters from backing into the protected
area.
The project complements the FM Flood Risk Management Project as discussed in the associated
design documentation reports for each phase. For that reason, all project components were
designed to USACE standards. Ultimately, the project will improve the flood prevention
effectiveness of the area, reduce temporary flood fight measures needed during prior events,
reduce the recovery time of the golf course, and improve the functionality of the storm sewer
system.

1.4

Project Features

As mentioned, flood risk management features include a system of earthen levees that offer
protection from the 1-percent chance flood, reinforced concrete floodwall and closure structures,
three reinforced concrete gatewells and gated outlets, a 24” storm sewer forcemain, and new
exterior storm sewer. The locations of these features are shown in Figure 1.3.
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Figure 1.3 – Project Features of El Zagal Phase I and Phase II
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1.4.1 Datum
Coordinate System and Projection:
(For Construction)

City of Fargo Ground Coordinate System

Vertical Datum:
River Stage:

North American Vertical Datum of 1988 (NAVD 88)
USGS Gage 05054000, Fargo, North Dakota

Unit of Measure:

U.S. Survey Feet

1.4.2 Levee
The new levee system is designed for an elevation of 902.40 (NAVD 88), allowing for
approximately 6 inches of settlement, 6 inches of topsoil and a minimum of 3 feet of freeboard
against the FEMA 1 percent annual-chance flood event. The levee consists of a 10 foot wide top
with 3H:1V or 4H:1V slopes depending on location. The levee was designed to support steadystate conditions, as well as rapid-drawdown conditions.


3,404 linear feet of earthen levees



Crown elevation = 902.4 (NAVD 88) or > 44 feet (Fargo USGS Gage)



Top of levee width = 10 feet



River side slope – 3H:1V and 4H:1V



Dry side slope – 3H:1V and 4H:1V



Freeboard = 4 feet minimum (3 feet minimum + 0.5 feet topsoil + 0.5 feet for expected
settlement)



Designed to support steady-state and rapid drawdown conditions

1.4.3 Gatewell
With the addition of the reconstructed levee, three gatewell structures were constructed to
prevent Red River floodwaters from backing into the protected area. Locations of the gatewells
are shown in Figure 1.3 and are labeled accordingly. Gatewell No. 1 is located near the south
floodwall closure. Gatewell No. 2 is located near the El Zagal Shrine. Gatewell No. 3 is near the
intersection of 15th Avenue N. and 2nd St. N. All of these gatewells include manually operated
sluice gates that are closed during flood events. O&M manuals for sluice gates, flap gates and
access hatches can be found in Appendix G.


Gatewell No. 1
o Invert Elevation = 885.63 (NAVD 88) or USGS Fargo gage river stage (RS) 25.5’
o 1-30” Sluice Gate with manually operated non-rising stem
o 1-30” Flap gate
o 2-36”x36” Access hatches
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Gatewell No. 2
o Invert Elevation = 883.16 (NAVD 88) or RS 20.4 feet
o 2-15” Sluice Gates with manually operated non-rising stems
o 2-36”x36” Access hatches



Gatewell No. 3
o Invert Elevation = 879.5 (NAVD 88) or RS 20.0’
o 2-60” Sluice Gates with manually operated non-rising stems
o 2-36”x36” Access hatches

1.4.4 24‐Inch Forcemain
In 2009, the City installed a pump station at the intersection of 15th Avenue N. and 2nd Street N.
to redirect the interior drainage during flood events. The existing force main was a 16-inch
fusible PVC (FPVC) pipe that was placed under the existing levee adjacent to an 18-inch FPVC
gravity sanitary sewer pipe inside of a 43-inch gunited lined pipe. The remaining area within the
43-inch pipe was grouted with lightweight concrete. These pipes convey flow from the lift
station to a combined gatewell on the northeastern corner of the golf course, where the pipes
discharge into separate wells. Here, the wastewater changes direction and flows north to continue
under the Ridgewood Flood Control Project, while the storm sewer gravity flows east to the Red
River. USACE design standards dictated that the old force main through the levee footprint was
not acceptable, so a new force main was constructed to pass through the freeboard of the levee.
The force main is constructed of ductile iron pipe and mechanical fittings through the levee
footprint, and changes to PVC as it continues past the levee toe to the combined wetwell. The
new ductile iron forcemain ties into the existing pump station at 15th Avenue N. and 2nd Street N.
To tie into the existing lift station, the ductile iron pipes within the lift station had to be
reconfigured. The reconfiguration can be seen in the as-built drawings in Appendix C. O&M
Manuals for pumps, control panels, sluice gates and check valves are located in Appendix G.


24” diameter



1,040 ft length



Equipped with a stainless steel combination air release valve on top of levee (Fully
automatic, non-electrical operation)



Ductile Iron with mechanical fittings through levee footprint (passes over the levee)



Changes to PVC outside of levee footprint



Discharges into combined junction vault at east levee of golf course



Equipped with duckbill check valve to prevent backflow
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1.4.5 Closure Structures
The project includes a temporary floodwall closure at the location shown in Figure 1.3 This
closure structure is composed of aluminum stoplogs and support posts that slide into place
between the columns of the floodwall, and should be installed any time the river is projected to
go above a RS 37.7’ A schedule for closing this structure is shown in Appendix H. O&M
Manuals for temporary floodwall closure can be found in Appendix G.
Top of permanent floodwall elevation = 903.88
Top of stoplogs at floodwall elevation = 903.68
Road elevation at floodwall location = 898.33
Max exposed height of permanent floodwall = 5.55 ft
Max height of temporary stoplog closure = 5.35 ft
Width of Floodwall = 1’-3”

1.5

Regulations

The Code of Federal Regulations (CFR) Title 33, Navigation and Navigable Waters, Chapter II,
Part 208, Flood Control Regulations outlines the regulations governing the operation and
maintenance of flood control projects. Part 208.10, Local flood protection works; maintenance
and operation of structures and facilities, is included in Appendix B of this report. Sections are
as follows:
(a)

General

(b)

Levees

(c)
(d)
(e)
(f)
(g)
(h)

Flood walls
Drainage structures
Closure structures
Pumping plants
Channels and floodways
Miscellaneous facilities

These regulations should be consulted during routine inspections. Routine inspections should be
performed at the following intervals:
 Immediately prior to the beginning of the flood season
 Immediately following each major high water period
 Otherwise each fall prior to freeze up
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PART 2 – NORMAL OPERATIONS, MAINTENANCE, AND INSPECTIONS
2.1

General

All maintenance activities are to be coordinated and assigned by the current project
Superintendent.
These maintenance activities are summarized together in Appendix E & H.

2.1.1 Levee and Floodway
The Superintendent shall provide routine inspections on the earthen levee to ensure the condition
of the levee does not compromise the geotechnical stability of the levee. According to sections
208.10(b)(1) and 208.10(g)(1), the levee shall be inspected at the following times:


Immediately prior to the beginning of the flood season



Immediately following each major high water period



At intervals listed in the schedule shown in Table 2.1
Table 2.1 - Summary of Levee Maintenance Activities

Frequency

1 Year

5 Years

Maintenance Activity
Inspect levee system for animal burrowing. Eliminate all rodents, fill holes, and
replace sod.
Ensure that the Operation and Maintenance (O&M) Manual is present and
available.
Ensure an adequate supply of flood fighting materials. Specifically, ensure clean
supply of sandbags or impermeable earthfill.
Inspect levee for unwanted vegetation.
- Remove any trees or bushes within clear zone.
- Spray and remove all saplings.
- Mow all sod and replace any missing sod cover.
- Spray all noxious weeds.
Inspect levee and internal drainage system right-of-way for encroachments and
remove.
Inspect all slopes for slides, sloughs, tension cracking, slope depressions, bulges, or
bank caving and repair if necessary.
Inspect levee crown for settlement, rutting, and cracking and repair if necessary.
Inspect levee toes for scour. If toe scour occurs, replace with the assistance of an
engineer.
Inspect the landside toe for any seepage. If seepage is noted, consult an engineer.
Survey levee centerline to check for settlement and verify freeboard elevation.
Televise all storm sewer and have report available for inspection.
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2.1.2 Flood Wall and Closure Structures
The Superintendent shall provide routine inspections on the floodwalls to ensure the condition of
the floodwall does not compromise its structural stability. According to section 208.10(c)(1) and
208.10(e)(1), the flood wall shall be inspected at the following times:


Immediately prior to the beginning of the flood season



Immediately following each major high water period



At intervals listed in the schedule shown in Table 2.2

Frequency

Maintenance Activity
No accumulation of trash and debris adjacent to walls or within the easement area
Concrete joints are free of grass and weeds
Inspect closure structure for missing parts, rust, proper movement of parts, parts are
adequately covered with paint.
Ensure that the Operation and Maintenance (O&M) Manual is present and available.

1 Year

Ensure an adequate supply of flood fighting materials. Specifically, ensure clean
supply of sandbags or impermeable earthfill.
Inspect flood wall clear zone for unwanted vegetation.
- Remove any trees or bushes within clear zone.
- Spray and remove all saplings.
- Mow all sod and replace any missing sod cover.
- Spray all noxious weeds.
Inspect flood wall, closure structures and internal drainage system right-of-way for
encroachments and remove.
Inspect flood wall for cracking, chipping or breaking to an extent which might affect
stability of wall or its water tightness. Repair with the assistance of an engineer.
Inspect bank conditions riverward of the wall for caving. If bank caving conditions
are present, consult an engineer.
Inspect the landside toe for any seepage. If seepage is noted, consult an engineer.

5 Years

Perform a trial erection on closure structure. Perform trial erections of all closure
structures when a change is made in key operating personnel.
Survey top of flood wall to check for settlement and verify freeboard elevation.
Table 2.2 - Summary of Flood Wall and Closure Structure Maintenance Activities
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2.1.3 Drainage Structures
The Superintendent shall provide routine inspections on the drainage structures and gatewells to
ensure that each component functions properly. According to section 208.10(d)(1), routine
inspections on drainage structures shall occur at intervals listed in the schedule shown in Table
2.3
Table 2.3 - Summary of Drainage Structure Maintenance Activities

Frequency

Maintenance Activity
Inlet and outlet channels are free of trash, drift or debris

1 Year

Ensure that the Operation and Maintenance (O&M) Manual is present and
available.
Ensure an adequate supply of flood fighting materials. Specifically, ensure
clean supply of sandbags or impermeable earthfill.
Inspect and lubricate all metallic items for damage or corrosion and
repair/replace as necessary. Also, ensure that all locks are in place for public
safety.
Operate and oil closure devices and ensure that no access is blocked and seals
are tight. Immediately correct any deficiencies and keep in good working order.
Also verify that flap gates easily open and close.
Inspect all exposed concrete structures including: culverts, gate well structures,
and inlet and outlet structures for spalling, scaling and cracking. Repair and
ensure that all seals are watertight.
Clean and paint equipment as necessary.
Inspect access hatches for cracking, bending, rust, or missing parts. If damage
could compromise structural integrity of hatch, replace or repair deficiencies.
Ensure access hatches easily open and close.
Visually inspect all culverts for joint separation and corrosion.
Televise all culverts and have report available for inspection.

5 Years

Megger test all pumps
Clean sediment out of wet well and gatewells
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2.1.4 Floodplain Management
The current Flood Insurance Study (FIS) for the City of Fargo became effective on January 16,
2015. The base flood elevations (BFEs) in this operation and maintenance manual are based off
elevations determined in the Cass County FIS.
At the present time a Letter of Map Revision (LOMR) is being submitted to FEMA for the
improvements made to the project area.

2.2

Local Inspections

The local sponsor will conduct a thorough inspection annually and schedule needed remedial
work considered necessary. Local citizens may occasionally contact the local sponsor to report
concerns. The local sponsor will add these reports to the log and plan a thorough site check as
soon as possible.
The USACE flood damage reduction inspection forms and a map of the channel to be used for
the semi-annual inspections are included in Appendix E and Appendix F of this report. The
forms describe in further detail what is considered Acceptable (A), Minimally Acceptable (M),
and Unacceptable (U) for the project. The overall rating for the project can be determined using
Table 2.4.
Table 2.4 - Overall Rating Guidelines

Overall Rating

Guidelines

Acceptable

All inspection items are rated as Acceptable

Minimally Acceptable

One or more inspection items are rated as Minimally Acceptable or
one or more items are rated as Unacceptable and an engineering
determination concludes that the Unacceptable inspection items
would not prevent the segment/system from performing as intended
during the next flood event.

Unacceptable

One or more inspection items are rated as Unacceptable and would
prevent the segment/system from performing as intended, or a serious
deficiency noted in past inspections (Previous Unacceptable items in
a Minimally Acceptable overall rating) has not been corrected within
the established timeframe, not to exceed two years.
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2.2.1 Equipment and Supplies
The annual inspection will include ensuring that the O&M Manual is present and available, as
well as stocking supplies necessary as follows:
1. Regular Maintenance Materials
a. Source for embankment material
b. T-Handles to operate sluice gates
c. Vegetation maintenance equipment
d. Equipment necessary to transport these materials
2. Emergency Materials and Equipment
a. An ample supply of sandbags and sand (or other suitable fill materials)
b. Rolls of polyethylene film 12ft wide and 4-6 mils thick
i. To be used for protecting sandbag emergency flood barriers
c. Construction equipment for use in transporting materials and making emergency
repairs
i. Front-end loaders, dozers, and trucks
d. Emergency lighting for night operations
e. Water tight stoplogs compatible with closure structures
f. Additional pumps to control interior drainage
2.2.2 Report
The annual reports to be kept on file shall include attached copies of the inspection data
described on the map and forms. The report text should include the overall rating and
summarize the following:
1.
2.
3.
4.

The condition of the maintenance work done during the past year
The action taken on measures which the local sponsor has considered necessary
The maintenance work scheduled for the next year
The manner in which the project functioned during any period of high stream flow in the
last year
5. Any changes to the superintendent, vendors, or emergency contact information.
2.3

Government Inspections

The levees will be inspected by the USACE annually upon acceptance into the federal levee
safety program. The application to the program will be submitted after the project has
established grass cover.
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PART 3 – EMERGENCY OPERATIONS AND POST-FLOOD RECOVERY

3.1

General

3.1.1 Notification of Distress
Evidence of distress of the levees and /or structures of the El Zagal Area Flood Risk
Management project, must be immediately reported to the U.S. Army Corps of Engineers, St.
Paul District. Examples of distress include, but are not limited to:


Significant sloughs, settlement, or slides in the channel slope



Seepage or sand boils on the land side of the levee



Endangerment of the structural stability of flood walls, closure structures, gate wells, or
other drainage structures

The local sponsor shall notify the USACE in preparation for an impending flood. The USACE
will provide technical assistance to ensure the proper operation and continued integrity of the
project.
The USACE and local emergency contact numbers are included in Appendix A.
Any updates to the contact information should be reported in the next semi-annual report.
3.1.2 Flood Alert and Flood Emergency
The National Weather Service is responsible for forecasting flood crests, the advanced
hydrologic prediction service website can be found at:
http://water.weather.gov/ahps2/index.php?wfo=fgf
The specific forecast for the Fargo Gage referenced for this project can be found at:
http://water.weather.gov/ahps2/hydrograph.php?wfo=fgf&gage=fgon8

3.2

Impending Flood Preparation

In the case of an impending flood, the following tasks should be completed:
1. Inspection
a. A general inspection of the project to ensure everything is working properly
b. Inspector shall be trained to identify possible problems and deficiencies
2. Supplies & Resources
a. An inventory of the supplies in stock and availability of additional materials and
equipment needed in the case of a flood emergency
b. City officials should locate the North Dakota Disaster Procedures Guide [3]
c. Maps and maintenance documents should be available for disaster services
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3. Public works
a. Review emergency operation plans for facilities
b. Review “limited use” policies if the event needs exceed utility’s capabilities
c. Review emergency power generating capability (both fixed and mobile)
4. Flood Preparation Measures
a. If sandbagging is required, refer to the USACE Flood Fight Handbook attached in
Appendix D for the proper methodology

3.3

Flooding Conditions

Response to a flood should include the following actions:
1. Inspection
a. Follow 33 CFR 208.10 (b-g) (2) (Schedule of Operations attached in Appendix B)
i. Levee and banks of the channel shall be patrolled during periods of high
water
ii. Floodwalls, closure structures and drainage structures shall be patrolled to
ensure no seepage occurs at construction joints
iii. Protect reaches being attacked by the current or by wave wash
iv. Prevent the formation of jams of ice or debris
v. Remove large objects which become lodged against the bank
b. Continue to inspect roads, in particular any to be used for evacuation
c. Ponding areas shall be inspected to observe and record the height and extent of
ponded water
d. Record
i. Log of operations
ii. Weather conditions (including effects of ice)
iii. Problems encountered
2. Supplies & Resources
a. Reevaluate inventory and determine if more materials are necessary
3. Public works
a. Provide emergency power to critical facilities as needed
b. Implement emergency operation plans as needed
c. Implement “limited use” policies as needed
d. Close off storm sewers as needed
4. Flood Preparation Measures
a. Implement any required maintenance for evacuation routes
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b. Close streets as necessary
c. Maintain communication with prediction and protection agencies
i. U.S. Weather Service
ii. U.S. Corps of Engineers
iii. FEMA
d. If overtopping of the levee is imminent, all protected areas should be evacuated

3.4

Post‐Flood

After a flood it is necessary to inspect and repair all damages to the project. Section 2.1
discusses repairs that may be necessary. The following tasks should be completed:
1. Commence all activities in Tables 2.1, 2.2, and 2.3 with a frequency of 1 year or less
2. Check ponding areas to ensure that waters are draining. If not, a culvert or outlet may be
blocked and debris will need to be removed
3. Restore streets, roads, and highways to normal conditions
4. Evaluate infrastructure vulnerability
After each flood, the superintendent in charge shall compile a post flood report including the
following:
 Operation and Maintenance
o Log of operations
o Problems encountered
o Weather conditions encountered (including effects of ice on operation)
o Damages incurred
o Repairs required
 Time, cost of manpower, and estimate of damages prevented or incurred.
 Any other useful information
The post flood report shall be kept on file and can be helpful in planning for future flood control
efforts.
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Appendix A Contact Information
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Any changes to this contact information should be reported in the next semi-annual report
to the St. Paul District Engineer and updated in this Appendix.

Superintendent
City Engineer
(701) 241-1545
200 3rd St. N.
Fargo, ND, 58102

Notification of Distress
The USACE emergency contact numbers are as follows:
1. Army Corps of Engineers Readiness Branch
2. Army Corps of Engineers 24-hour answer line
3. Army Corps of Engineers Emergency Management

(651) 290-5204
(651) 290-5220
(651) 290-5210

The local contact information is shown below.
1. City of Fargo Engineering Department

(701) 241-1545

2. City of Fargo Public Works

(701) 241-1453

3. City of Fargo Police Department

(701) 241-1437

4.
5.
6.
7.
8.
9.

(701) 241-1540
(701) 476-4068
(701) 239-6790
(701) 250-7401
(701) 772-0720
(701) 787-6500

City of Fargo Fire Department
Fargo Emergency Management
Cass County Emergency Management
U.S. Geological Survey
National Weather Service (Grand Forks)
North Dakota Department of Transportation
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Appendix B Code of Federal Regulations, Title 33, Part 208.10
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Title 33 - Navigation and Navigable Waters
Volume: 3
Date: 2009-07-01
Original Date: 2009-07-01
Title: Section 208.10 - Local flood protection works; maintenance and operation of structures and facilities.
Context: Title 33 - Navigation and Navigable Waters.

CHAPTER II - CORPS OF ENGINEERS, DEPARTMENT OF THE ARMY, DEPARTMENT OF
DEFENSE. PART 208 - FLOOD CONTROL REGULATIONS.
§ 208.10 Local flood protection works; maintenance and operation of structures and facilities.
(a) General.
(1) The structures and facilities constructed by the United States for local flood protection shall be
continuously maintained in such a manner and operated at such times and for such periods as may
be necessary to obtain the maximum benefits.
(2) The State, political subdivision thereof, or other responsible local agency, which furnished
assurance that it will maintain and operate flood control works in accordance with regulations
prescribed by the Secretary of the Army, as required by law, shall appoint a permanent committee
consisting of or headed by an official hereinafter called the “Superintendent,” who shall be
responsible for the development and maintenance of, and directly in charge of, an organization
responsible for the efficient operation and maintenance of all of the structures and facilities during
flood periods and for continuous inspection and maintenance of the project works during periods
of low water, all without cost to the United States.
(3) A reserve supply of materials needed during a flood emergency shall be kept on hand at all times.
(4) No encroachment or trespass which will adversely affect the efficient operation or maintenance of
the project works shall be permitted upon the rights-of-way for the protective facilities.
(5) No improvement shall be passed over, under, or through the walls, levees, improved channels or
floodways, nor shall any excavation or construction be permitted within the limits of the project rightof-way, nor shall any change be made in any feature of the works without prior determination by
the District Engineer of the Department of the Army or his authorized representative that such
improvement, excavation, construction, or alteration will not adversely affect the functioning of the
protective facilities. Such improvements or alterations as may be found to be desirable and
permissible under the above determination shall be constructed in accordance with standard
engineering practice. Advice regarding the effect of proposed improvements or alterations on the
functioning of the project and information concerning methods of construction acceptable under
standard engineering practice shall be obtained from the District Engineer or, if otherwise obtained,
shall be submitted for his approval. Drawings or prints showing such improvements or alterations
as finally constructed shall be furnished the District Engineer after completion of the work.
(6) It shall be the duty of the superintendent to submit a semiannual report to the District Engineer
covering inspection, maintenance, and operation of the protective works.
(7) The District Engineer or his authorized representatives shall have access at all times to all portions
of the protective works.
(8) Maintenance measures or repairs which the District Engineer deems necessary shall be promptly
taken or made.
(9) Appropriate measures shall be taken by local authorities to insure that the activities of all local
organizations operating public or private facilities connected with the protective works are
coordinated with those of the Superintendent's organization during flood periods.
(10)The Department of the Army will furnish local interests with an Operation and Maintenance Manual
for each completed project, or separate useful part thereof, to assist them in carrying out their
obligations under this part.
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(b) Levees

(1) Maintenance. The Superintendent shall provide at all times such maintenance as may be required
to insure serviceability of the structures in time of flood. Measures shall be taken to promote the
growth of sod, exterminate burrowing animals, and to provide for routine mowing of the grass and
weeds, removal of wild growth and drift deposits, and repair of damage caused by erosion or other
forces. Where practicable, measures shall be taken to retard bank erosion by planting of willows or
other suitable growth on areas riverward of the levees. Periodic inspections shall be made by the
Superintendent to insure that the above maintenance measures are being effectively carried out
and, further, to be certain that:
(i)

No unusual settlement, sloughing, or material loss of grade or levee cross section has
taken place;

(ii)

No caving has occurred on either the land side or the river side of the levee which
might affect the stability of the levee section;

(iii)

No seepage, saturated areas, or sand boils are occurring;

(iv)

Toe drainage systems and pressure relief wells are in good working condition, and that
such facilities are not becoming clogged;

(v)

Drains through the levees and gates on said drains are in good working condition;

(vi)

No revetment work or riprap has been displaced, washed out, or removed;

(vii)

No action is being taken, such as burning grass and weeds during inappropriate
seasons, which will retard or destroy the growth of sod;

(viii)

Access roads to and on the levee are being properly maintained;

(ix)

Cattle guards and gates are in good condition;

(x)

Crown of levee is shaped so as to drain readily, and roadway thereon, if any, is well
shaped and maintained;

(xi)

There is no unauthorized grazing or vehicular traffic on the levees;

(xii)

Encroachments are not being made on the levee right-of-way which might endanger
the structure or hinder its proper and efficient functioning during times of emergency.
Such inspections shall be made immediately prior to the beginning of the flood season;
immediately following each major high water period, and otherwise at intervals not
exceeding 90 days, and such intermediate times as may be necessary to insure the
best possible care of the levee. Immediate steps will be taken to correct dangerous
conditions disclosed by such inspections. Regular maintenance repair measures shall
be accomplished during the appropriate season as scheduled by the Superintendent.

(2) Operation. During flood periods the levee shall be patrolled continuously to locate possible sand
boils or unusual wetness of the landward slope and to be certain that:
(i) There are no indications of slides or sloughs developing;
(ii) Wave wash or scouring action is not occurring;
(iii) No low reaches of leave exist which may be overtopped;
(iv) No other conditions exist which might endanger the structure.
Appropriate advance measures will be taken to insure the availability of adequate labor and
materials to meet all contingencies. Immediate steps will be taken to control any condition which
endangers the levee and to repair the damaged section.
(c) Flood walls
(1) Maintenance. Periodic inspections shall be made by the Superintendent to be certain that:
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(i) No seepage, saturated areas, or sand boils are occurring;
(ii) No undue settlement has occurred which affects the stability of the wall or its water
tightness;
(iii) No trees exist, the roots of which might extend under the wall and offer accelerated
seepage paths;
(iv) The concrete has not undergone cracking, chipping, or breaking to an extent which might
affect the stability of the wall or its water tightness;
(v) There are no encroachments upon the right-of-way which might endanger the structure or
hinder its functioning in time of flood;
(vi) Care is being exercised to prevent accumulation of trash and debris adjacent to walls, and
to insure that no fires are being built near them;
(vii) No bank caving conditions exist riverward of the wall which might endanger its stability;
(viii) Toe drainage systems and pressure relief wells are in good working condition, and that
such facilities are not becoming clogged.
Such inspections shall be made immediately prior to the beginning of the flood season,
immediately following each major high water period, and otherwise at intervals not exceeding 90
days. Measures to eliminate encroachments and effect repairs found necessary by such
inspections shall be undertaken immediately. All repairs shall be accomplished by methods
acceptable in standard engineering practice.
(2) Operation. Continuous patrol of the wall shall be maintained during flood periods to locate possible
leakage at monolith joints or seepage underneath the wall. Floating plant or boats will not be
allowed to lie against or tie up to the wall. Should it become necessary during a flood emergency
to pass anchor cables over the wall, adequate measures shall be taken to protect the concrete and
construction joints. Immediate steps shall be taken to correct any condition which endangers the
stability of the wall.
(d) Drainage structures
(1) Maintenance. Adequate measures shall be taken to insure that inlet and outlet channels are kept
open and that trash, drift, or debris is not allowed to accumulate near drainage structures. Flap
gates and manually operated gates and valves on drainage structures shall be examined, oiled,
and trial operated at least once every 90 days. Where drainage structures are provided with stop
log or other emergency closures, the condition of the equipment and its housing shall be inspected
regularly and a trial installation of the emergency closure shall be made at least once each year.
Periodic inspections shall be made by the Superintendent to be certain that:
(i) Pipes, gates, operating mechanism, riprap, and headwalls are in good condition;
(ii) Inlet and outlet channels are open;
(iii) Care is being exercised to prevent the accumulation of trash and debris near the structures
and that no fires are being built near bituminous coated pipes;
(iv) Erosion is not occurring adjacent to the structure which might endanger its water tightness
or stability.
Immediate steps will be taken to repair damage, replace missing or broken parts, or remedy
adverse conditions disclosed by such inspections.
(2) Operation. Whenever high water conditions impend, all gates will be inspected a short time before
water reaches the invert of the pipe and any object which might prevent closure of the gate shall
be removed. Automatic gates shall be closely observed until it has been ascertained that they are
securely closed. Manually operated gates and valves shall be closed as necessary to prevent inflow
of flood water. All drainage structures in levees shall be inspected frequently during floods to
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ascertain whether seepage is taking place along the lines of their contact with the embankment.
Immediate steps shall be taken to correct any adverse condition.
(e) Closure structures
(1) Maintenance. Closure structures for traffic openings shall be inspected by the Superintendent every
90 days to be certain that:
(i) No parts are missing;
(ii) Metal parts are adequately covered with paint;
(iii) All movable parts are in satisfactory working order;
(iv) Proper closure can be made promptly when necessary;
(v) Sufficient materials are on hand for the erection of sand bag closures and that the location
of such materials will be readily accessible in times of emergency.
Tools and parts shall not be removed for other use. Trial erections of one or more closure
structures shall be made once each year, alternating the structures chosen so that each gate will
be erected at least once in each 3-year period. Trial erection of all closure structures shall be
made whenever a change is made in key operating personnel. Where railroad operation makes
trial erection of a closure structure infeasible, rigorous inspection and drill of operating personnel
may be substituted therefor. Trial erection of sand bag closures is not required. Closure materials
will be carefully checked prior to and following flood periods, and damaged or missing parts shall
be repaired or replaced immediately.

(2) Operation. Erection of each movable closure shall be started in sufficient time to permit completion

before flood waters reach the top of the structure sill. Information regarding the proper method of
erecting each individual closure structure, together with an estimate of the time required by an
experienced crew to complete its erection will be given in the Operation and Maintenance Manual
which will be furnished local interests upon completion of the project. Closure structures will be
inspected frequently during flood periods to ascertain that no undue leakage is occurring and that
drains provided to care for ordinary leakage are functioning properly. Boats or floating plant shall
not be allowed to tie up to closure structures or to discharge passengers or cargo over them.

(f) Pumping plants
(1) Maintenance. Pumping plants shall be inspected by the Superintendent at intervals not to exceed
30 days during flood seasons and 90 days during off-flood seasons to insure that all equipment is
in order for instant use. At regular intervals, proper measures shall be taken to provide for cleaning
plant, buildings, and equipment, repainting as necessary, and lubricating all machinery. Adequate
supplies of lubricants for all types of machines, fuel for gasoline or diesel powered equipment, and
flash lights or lanterns for emergency lighting shall be kept on hand at all times. Telephone service
shall be maintained at pumping plants. All equipment, including switch gear, transformers, motors,
pumps, valves, and gates shall be trial operated and checked at least once every 90 days. Megger
tests of all insulation shall be made whenever wiring has been subjected to undue dampness and
otherwise at intervals not to exceed one year. A record shall be kept showing the results of such
tests. Wiring disclosed to be in an unsatisfactory condition by such tests shall be brought to a
satisfactory condition or shall be promptly replaced. Diesel and gasoline engines shall be started
at such intervals and allowed to run for such length of time as may be necessary to insure their
serviceability in times of emergency. Only skilled electricians and mechanics shall be employed on
tests and repairs. Operating personnel for the plant shall be present during tests. Any equipment
removed from the station for repair or replacement shall be returned or replaced as soon as
practicable and shall be trial operated after reinstallation. Repairs requiring removal of equipment
from the plant shall be made during off-flood seasons insofar as practicable.
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(2) Operation. Competent operators shall be on duty at pumping plants whenever it appears that
necessity for pump operation is imminent. The operator shall thoroughly inspect, trial operate, and
place in readiness all plant equipment. The operator shall be familiar with the equipment
manufacturers' instructions and drawings and with the “Operating Instructions” for each station.
The equipment shall be operated in accordance with the above-mentioned “Operating Instructions”
and care shall be exercised that proper lubrication is being supplied all equipment, and that no
overheating, undue vibration or noise is occurring. Immediately upon final recession of flood waters,
the pumping station shall be thoroughly cleaned, pump house sumps flushed, and equipment
thoroughly inspected, oiled and greased. A record or log of pumping plant operation shall be kept
for each station, a copy of which shall be furnished the District Engineer following each flood.
(g) Channels and floodways
(1) Maintenance. Periodic inspections of improved channels and floodways shall be made by the
Superintendent to be certain that:
(i) The channel or floodway is clear of debris, weeds, and wild growth;
(ii) The channel or floodway is not being restricted by the depositing of waste materials,
building of unauthorized structures or other encroachments;
(iii) The capacity of the channel or floodway is not being reduced by the formation of
shoals;
(iv) Banks are not being damaged by rain or wave wash, and that no sloughing of banks
has occurred;
(v) Riprap sections and deflection dikes and walls are in good condition;
(vi) Approach and egress channels adjacent to the improved channel or floodway are
sufficiently clear of obstructions and debris to permit proper functioning of the project
works.
Such inspections shall be made prior to the beginning of the flood season and otherwise at
intervals not to exceed 90 days. Immediate steps will be taken to remedy any adverse conditions
disclosed by such inspections. Measures will be taken by the Superintendent to promote the
growth of grass on bank slopes and earth deflection dikes. The Superintendent shall provide for
periodic repair and cleaning of debris basins, check dams, and related structures as may be
necessary.
(2) Operation. Both banks of the channel shall be patrolled during periods of high water, and measures
shall be taken to protect those reaches being attacked by the current or by wave wash. Appropriate
measures shall be taken to prevent the formation of jams of ice or debris. Large objects which
become lodged against the bank shall be removed. The improved channel or floodway shall be
thoroughly inspected immediately following each major high water period. As soon as practicable
thereafter, all snags and other debris shall be removed and all damage to banks, riprap, deflection
dikes and walls, drainage outlets, or other flood control structures repaired.
(h) Miscellaneous facilities
(1) Maintenance. Miscellaneous structures and facilities constructed as a part of the protective works
and other structures and facilities which function as a part of, or affect the efficient functioning of
the protective works, shall be periodically inspected by the Superintendent and appropriate
maintenance measures taken. Damaged or unserviceable parts shall be repaired or replaced
without delay. Areas used for ponding in connection with pumping plants or for temporary storage
of interior run-off during flood periods shall not be allowed to become filled with silt, debris, or
dumped material. The Superintendent shall take proper steps to prevent restriction of bridge
openings and, where practicable, shall provide for temporary raising during floods of bridges which
restrict channel capacities during high flows.
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(2) Operation. Miscellaneous facilities shall be operated to prevent or reduce flooding during periods
of high water. Those facilities constructed as a part of the protective works shall not be used for
purposes other than flood protection without approval of the District Engineer unless designed
therefor.
(Sec. 3, 49 Stat. 1571, as amended; 33 U.S.C. 701c) [9 FR 9999, Aug. 17, 1944; 9 FR 10203, Aug. 22, 1944]
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Section 1: Flood Preparedness Overview
Floods can happen at any time. Common causes include high river levels due to spring snow melt and
heavy rain storms. There are many flood preparedness steps that can be taken to increase protection and
reduce severity of impact on your home, business, and family.
This handbook describes engineering-related solutions to protect structures from flooding. It will help you
determine what supplies and materiel to have on hand, as well as provide detailed guidance on
implementing the different solutions.
The three main areas covered in the handbook are sandbag levees (Section 2), earth fill levees (Section 3),
and interior drainage (Section 4). Section 5 identifies issues that may be encountered as well as guidance
on how to deal with each issue.
There are many excellent sources of information for other areas of preparedness (e.g. family emergency
plans, protection of the interior/contents of a structure, and business continuity planning). A list of links to
some of these sources can be found in Section 6. The links are only provided as suggested resources and
do not constitute endorsement by the U.S. Army Corps of Engineers of the linked websites, or the
information, products or services contained therein.
Section 7 includes ten plates with visual diagrams and specifications. These can be used as quick
references for personnel involved with implementing different solutions.
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Section 2: Sandbagging for Flood Protection
Information in the following section was adapted from the North Dakota State University, Extension Service. A link to
their web page is included in Section 6.

A levee is an embankment, floodwall, or structure along a water course whose purpose is flood damage
reduction or water conveyance. A properly built sandbag levee can prevent or reduce flood damage.
Sandbag levees are labor-intensive, have more opportunities for error during construction, and require
disposal procedures after the event. However, sandbag levees do not require heavy equipment and can be
constructed by small groups of individuals. Sandbag levees should be used where a very low and relatively
short barrier is required or where earth fill would not be practical, such as in the freeboard range along an
arterial street. They are very useful where temporary closures are required, such as roads and railroad
tracks. The sandbag size, fill material used, and method of placement all influence the effectiveness of the
sandbag levee.
This section describes and illustrates a number of suggested techniques for using sandbags and other
materials to build temporary flood protection levees. Additional details are shown on Plates 1- 3 in Section
7 of this handbook.
Information about using sandbags for erosion protection on earth fill levees can be found in Section 3.4.1.
2.1

Sandbag Size and Fill Materials

Bags must be filled and placed properly to give the best protection. Any available material can be used to
fill sandbags, but sand is easiest to handle. Silt and clay will form a good levee but are more difficult to
work with. Different size bags are available, but bags are easier to handle if weight is limited to between
35 and 40 pounds. This weight limit is particularly important when teenagers or older persons will be
handling the bags and assisting with emergency operations and levee construction.
Typically, sandbags are filled approximately half full and do not need to be tied, although they may
be tied loosely near the top. It is desired that the sandbags lay flat when placed. Overfilled bags reduce
the levee’s effectiveness by leaving gaps between the bags, allowing water to seep through. Figure 1
illustrates the correct and incorrect ways to prepare sandbags. Tying is not required for a correctly filled
sandbag.

Figure 1: Correct and incorrect sandbag preparation.

Ordinarily, filling sandbags is a two- or three-person operation. One member of the team should place the
bottom of the empty bag on the ground slightly in front of wide-spread feet with arms extended. This
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person may also want to kneel or sit to avoid back strain from bending. The throat of the bag is folded
outward about one and one-half inches to form a collar and held in that position to allow a second team
member to empty a shovelful of material into the open end, until the bag is one-half to two-thirds full. The
third team member stacks and stockpiles the filled sandbags. Gloves should be used to avoid injury, and
safety goggles are desirable during dry and windy days. For larger operations, bag-holding racks and
funnels on the back of dump trucks, and other power loading equipment can be used to expedite the filling
operation.
Contact your county emergency office for information on where to obtain sandbags.
2.2
Site Selection and Preparation
When selecting the location for a levee, consider the ground elevation, ground condition, obstructions, and
alignment. For stability, the levee should be kept as short and low as possible. Avoid any obstructions that
would weaken the levee, and do not build the levee against a building wall unless the wall has been
designed to retain floodwaters. If possible, plan to leave at least 8 feet between the landward toe / base of
the levee and any building or obstructions to allow for future levee raises, levee monitoring, construction
equipment and vehicles, and to prevent damage to building walls and foundations.
Remove all ice and snow from a strip of land at least as wide as the base of the levee. If the levee will be
more than 2-3 feet high, remove a strip of sod to create a bonding trench along the center line of the
alignment to better anchor the levee in place, as shown in Figure 2.

Figure 2 – Proportions of sandbag levee showing bonding trench at base.

4

Flood Fight Handbook

2016 Edition

2.3
Stacking Sandbags to Form a Levee
Overlap the sandbags as shown in Figure 3, placing the first layer of bags lengthwise along the levee and
lapping the bags so the filled portion of one bag lies on the unfilled portion of the previous bag.
Direction of Flow

Figure 3 – Sandbag placement
The bags should be placed lengthwise and overlapped parallel to the direction of the river flow. The
bonding trench shown in Figure 2 should be filled with a layer that is two sandbags wide by one sandbag
high; the first full layer is then placed over this bonding trench. The base of the levee should be three times
as wide as the levee is high.
The second layer of bags should be staggered perpendicular to the first layer and placed over the seams of
the previous layer, with additional layers laid in alternating directions to the top of the levee, as shown in
the “Correct” example in Figure 4. By alternating placement directions, the gaps and seams along the
edges and corners in each layer below will be covered and filled in by a sandbag in the next overlying
layer. Plate 1 in Section 7 of this handbook illustrates additional details of sandbag placement.

Figure 4 – Correct and incorrect placement of staggered sandbag layers.
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2.4
Sealing the Levee
The finished levee can be sealed with a sheet of polyethylene plastic (poly) to improve water tightness.
The poly sheeting should be about 6 mils thick, and is generally available in 20-foot-wide by 100-foot-long
rolls from construction supply firms, lumberyards, and farm stores.
2.4.1 Anchoring. The poly must always be anchored at the bottom edge and weighted along the top and
slope to be effective. Three methods are recommended to anchor the poly on the riverward face of a
sandbag levee.
The most successful anchoring method is to place the poly flat on the ground surface extending away
from the bottom row of sandbags, and then place one or more rows of sandbags over the flap. The
poly should then be unrolled over the anchoring row of sandbags, anchored again, and then up the
slope and over the top of the sandbag levee, far enough to allow for anchoring with additional
sandbags. This method is illustrated in Figure 5 and shown on Plate 2 in Section 7 of this
handbook.

Figure 5 – Preferred method of tucking and anchoring poly with two rows of sandbags

An alternate method to anchor poly is to spread a layer of dirt or sand one inch deep and about one
foot wide along the base of the levee on the water side, to create a uniform surface to anchor the poly.
Lay the poly sheeting so the bottom edge extends one to two feet beyond the bottom edge of the
sandbags over the loose dirt, and then place sandbags over the edge of the poly to anchor. This
method is illustrated in Figure 6 and included on Plate 2 in Section 7 of this handbook.
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Figure 6 – Poly edge placed over dirt and anchored with a row of sandbags.
A third method to anchor the poly is to excavate a 6-inch or deeper trench along the toe of the levee,
place poly in the trench, and backfill the trench, compacting the backfill material or placing a row of
sandbags over the trench to prevent loss of the backfill material. This method, illustrated in Figure 7,
will be unsuitable if water levels have reached the sandbags at the toe of the levee.

Figure 7 – Poly anchored within a trench (placed under dry conditions).
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2.4.2 Placement. Poly should be placed from downstream to upstream along the slopes and the next
sheet upstream overlapped by at least 3 feet, as shown on Figure 8. Overlapping in this direction prevents
the current from flowing under the overlap and tearing the poly loose. After the poly is anchored in place,
it should be unrolled up the slope and over the top. Lay the poly sheeting down very loosely, as the
pressure of the water will make the poly conform easily to the sandbag surface if the poly is loose. If the
poly is stretched too tightly the force of the water could puncture the poly.
2.4.3 Weighting. Once the poly is anchored and unrolled, additional sandbags, boards, and/or loose dirt
should be used as weights along the top of the levee to keep the poly in place and prevent the wind
or river current from disturbing it. These weights are not shown on the illustration. Avoid
puncturing the poly with sharp objects or by walking on it.

Figure 8 – Poly placement from downstream to upstream with overlap shown.
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2.5
Number of Sandbags Needed
The information in Table 2.1 indicates the approximate number of sandbags that are needed for levees of
various heights and lengths. Note that 5 feet high is the practical limit of a sandbag levee. If a higher
sandbag levee is needed, alternative means of construction should be considered. The preferred height
limit is 3 feet.

Estimated Number of
Sandbags Per Linear Foot of
Levee
Height in Feet

Bags Required

1

6

2

21

3

45

4

78

5

120

Number of Sandbags Required For Length of Levee

LEVEE
HEIGHT

50 FT

100 FT

175 FT

200 FT

250 FT

300 FT

350 FT

400 FT

450 FT

500 FT

1 Foot

300

600

1,050

1,200

1,500

1,800

2,100

2,400

2,700

3,000

2 Feet

1,050

2,100

3,675

4,200

5,250

6,300

7,350

8,400

9,450

10,500

3 Feet

2,250

4,500

7,875

9,000

11,250

13,500

15,750

18,000

20,250

22,500

4 Feet

3,900

7,800

13,650

15,600

19,500

23,400

27,300

31,200

35,100

39,000

5 Feet

6,000

12,000

21,000

24,000

30,000

36,000

42,000

48,000

54,000

60,000

Table 2.1 - Estimated number of sandbags needed per foot of length and height of levee
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Section 3: Earth Fill Levees
Earth fill levees rather than sandbag levees are the preferred type of emergency flood barrier for large scale
flood fights, and their construction should be directed by experienced flood fight workers.
3.1

Foundation Preparation

Prepare the levee footprint as follows prior to placing fill:


Remove snow from the ground surface and place snow on riverside of levee to eliminate ponding of
water behind levee when snow melts.



Trees should be cut and the stumps removed



All obstructions above the ground surface should be removed, if possible. This will include brush,
structures, snags, and similar debris.



The foundation should then be stripped of topsoil and surface humus, if possible. Any material
removed should be pushed landward of the toe of levee and windrowed.



Stripping may be impossible if the ground is frozen; in this case, the foundation should be ripped or
scarified, if possible, to provide a tough surface for bond with the embankment.

NOTE: Clearing and grubbing, structure removal and stripping should be performed only if time
permits.
Every effort should be made to remove all ice or frozen ground. Frost or frozen ground can give a false
sense of security in the early stages of a flood fight. It can act as a rigid boundary and support the levee;
however, on thawing, soil strength may be reduced sufficiently for cracking or development of slides. It
also forms an impervious barrier to prevent seepage. This may result in a considerable build up in pressure
under the soils landward of the levee, and, upon thawing, pressure may be sufficient to cause sudden failure
of the foundation material resulting in piping , slides, and boils. If the ground is frozen, it must be
monitored, and one must be prepared to act quickly if sliding or boiling starts.
3.2

Levee Fill

Earth fill materials for emergency levees will come from local borrow areas. An attempt should be made to
use materials that are compatible with the foundation materials as explained below. However, due to time
limitations, any local materials may be used if reasonable construction procedures are followed. The
materials should not contain large frozen pieces of earth.
Clay Fill: The majority of earth fill levees erected in recent floods consisted of clay or predominantly
clay materials. Clay is preferred because the cross-section width can be made smaller with steeper side
slopes. Clay is also relatively impervious and has a relatively high resistance to erosion in a compacted
state. A disadvantage in using clay is that adequate compaction is difficult to obtain without proper
equipment. Another disadvantage is that if the clay is wet, subfreezing temperatures may cause the
material to freeze in the borrow pit and in the hauling equipment. Cold and wet weather could cause
delays and should definitely be considered in the overall construction effort.
Sand Fill: If sand is used, the cross-section of the levee should comply as closely as possible with
recommendations described in the following design section. Flat slopes are important. Steep slopes,
without poly coverage, will allow seepage through the levee, creating high outflow on the landward
slope and may cause slumping of the slope and eventual failure.
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Silt: Material that is primarily silt should be avoided. If it must be used, poly sheeting must always be
applied to the river slope. When silt gets wet, it tends to collapse under its own weight and is very
susceptible to erosion.
3.3

Levee Design Section

The dimensions of the levee design section are generally dictated by the foundation soils and the materials
available for construction. Therefore, even under emergency conditions, an attempt should be made to
make the embankment compatible with the foundation. Information on foundation soils should be
requested and considered, if available from local officials or engineers. The three foundation conditions
and the levee design sections described below are classical and idealized, and assume a sand foundation, a
clay foundation, or a thin clay layer over sand foundation. Actual field conditions generally depart from
the ideals to various degrees. However, the described levee design sections for each foundation should be
used as a guide to reduce the likelihood of serious flood fight problems during high water.
In determining the top width of any type of section, consideration should be given to whether a revised
flood level forecast will require additional fill to be placed. A top width adequate for construction
equipment will facilitate raising the levee. Finally, actual levee construction will, in many cases, depend
on available time, materials, and right-of-way access.
1. Sand Foundation – Pervious and permeable (readily allowing water to pass through).

2.

a.

Sand Section: Use a ratio of 1V (V=Vertical) to 3H (H=Horizontal) on the riverside slopes, and
a ratio of 1V to 5H on the landward slope, with a 10-foot top width.

b.

Clay Section: Use a ratio of 1V to 2-1/2H for both the riverside and landside slopes. The
bottom width of the levee section should comply with creep ratio criterion; i.e., L (across
bottom) should be equal to C x H; where C=9 for fine gravel and 15 for fine sand in the
foundation, and H is levee height. This criterion can be met by using berms consisting of
material placed on either the landward or riverward side of a levee that extends beyond the
normal levee foot print. These berms are placed to control or relieve uplift pressures and
lengthen the seepage path, although they will not significantly reduce the volume of seepage.
Berms are not as high as the levee itself and thickness should be 3 feet or greater.

Clay Foundations – Impervious (does not allow water to pass through)
a.

Sand Section: Same as paragraph 1.a. above.

b.

Clay Section: Use a ratio of 1V to 2-1/2H for both the riverside and landside slopes.

3.

Clay Layer over Sand Foundation
a.

Sand Section. Use the same design as paragraph 1.a. above. Additionally, a landside berm of
sufficient thickness may be necessary to prevent rupture of the clay layer. The berm may be
composed of sand, gravel, or clay material. Standard design of berms requires considerable
information and detailed analysis of soil conditions. However, prior technical assistance may
reduce berm construction requirements in any emergency situation.

b.

Clay Section. Use the same design as paragraph 1.b. above. A berm to prevent rupture may also
be necessary as described in paragraph 3.a.

Proper compaction of the emergency levee is critical to stability. Use of standard compaction equipment
such as a sheepsfoot roller, may not be feasible during emergency operations because of time constraints or
limited equipment availability. It is expected that in most cases the only compaction available will be from
hauling and spreading equipment, such as dump trucks and dozers.
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Erosion Protection for Emergency Levees

Erosion (sometimes referred to as scour) protection may be required for earth fill levees. Factors that
influence whether or not additional erosion protection is required include levee material (clay levees tend to
be much more resistant to erosion than sand levees), channel velocities, presence of ice and/or debris in
channel, wave action, and seepage. Methods of protecting levee slopes are numerous and varied.
However, during a flood emergency, time, availability of materials, cost, and construction capability may
limit the use of certain accepted methods of permanent slope protection.
Field personnel must decide the type and extent of slope protection the emergency levee will need. Several
methods of protection have been established that prove highly effective in an emergency. Resourcefulness
on the part of the field personnel may be necessary for success. The following is a brief summary of some
of the options for providing emergency erosion protection for levees.
3.4.1 Polyethylene and Sandbags. A combination of polyethylene (poly) and sandbags has proven to be
one of the most expedient, effective and economical methods of combating slope erosion on earth
fill levees.
Anchoring the poly along the riverward toe is important for a successful job. Anchoring methods for
poly on sandbag levees, described in Section 2.4.1, should be used for earth fill levees as well.
Ideally, poly and sandbag protection should be placed before water has reached the toe of the levee.
However, wet placement may be required due to rising river levels or to replace or maintain
damaged poly or poly displaced by the action of the current. Placement of poly on earth fill levees is
the same as placement on sandbag levees, as described in Section 2.4.2.
It is mandatory that poly placed on levee slopes be held down by weights. Unless extremely high
velocities, heavy debris, or a large amount of ice is anticipated, an effective method of weighting
poly is a grid system of sandbags, as shown on Plate 4. A grid system can be constructed faster and
requires fewer bags and much less labor than a total covering. Grid systems may include vertical
rows of lapped bags or 2x4 boards held down by attached bags.
A grid system of counterweights is more suitable for placement under wet conditions.
Counterweights consisting of two or more sandbags connected by a length of quarter-inch rope are
saddled over the levee crown with a bag on each slope. The number and spacing of counterweights
will depend on the uniformity of the levee slope and current velocity. For the more extreme
conditions mentioned previously, a solid blanket of bags over the poly should be used. Sandbag
anchors can also be formed at the bottom edge of the poly by bunching the poly around a fistful of
sand or rock and tying a sandbag to each fist-sized ball. This counterweight method is shown on
Plate 5.
If the counterweight method is used, efficient placement of the poly requires that a sufficient number
of the rope and sandbag counterweights be prepared prior to the placement of each poly sheet.
Placement consists of first casting out the poly sheet from the top of the levee with the bottom
weights in place, and then adding counterweights to slowly sink the poly sheet into place. In most
cases the poly will continue to move down slope until the bottom edge reaches the toe of the slope.
Sufficient counterweights should be added quickly to ensure that no air voids exist between the poly
and the levee face and to keep the poly from flapping or being carried away in the current.
For extreme conditions such as high velocity, excess seepage, ice or debris in the water or wave
action, a solid blanket of bags over the poly should be used.
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Poly and sandbags can be used in a variety of combinations, and time becomes the factor that may
determine which combination to use. While the implementation of poly with sandbags is an
effective remedy, it can be overused or misused. For example:


On well-compacted clay embankments in areas of relatively low velocities, use of poly
would be excessive, as compacted clay is unlikely to be scoured out.



Placement of poly on landward slopes to prevent seepage must never be done. This will
only force seepage to another exit that may prove more detrimental.



A critical analysis of each situation should be made before poly and sandbags are used, with
a view toward less waste and more efficient use of these materials and available manpower.
However, if a situation is doubtful, poly should be used rather than risk a failure.

3.4.2 Riprap. The use of riprap is a positive means of providing slope protection and has been used in a
few cases where erosive forces (caused by current, waves, or debris) were too large to effectively
control by other means. Objections to using riprap when flood fighting are: (1) the relatively high
cost, (2) a large amount may be necessary to protect a given area, (3) limited availability, and (4)
little control over placement, particularly in the wet.
3.4.3 Small Groins. Groins extending 10 feet or more into the channel can be effective in deflecting
current away from the levees. Groins can be constructed using sandbags, snow fence, rock,
compacted earth or any other substantial materials available. Preferably, groins should be placed in
the dry and at locations where severe scour may be anticipated. Consideration of the hydraulic
aspects of placing groins should be given because haphazard placement may be detrimental.
Hydraulic technical assistance should be sought if doubts arise in the use of groins. Construction of
groins during high water will be very difficult and results will generally be minimal. If something
other than compacted fill is used, some form of anchorage or bonding should be provided; generally
snow fence anchored to a tree beyond the toe of levee is used, but junk car bodies can be tied
together to act as anchors.
3.4.4 Log Booms. Log booms have been used to protect levee slopes from debris or ice attack. Logs are
cabled together and anchored in the levee with a device referred to as a “dead man,” often consisting
of a concrete block with reinforcing bar, or another heavy anchor. The anchor should be of
sufficient size and weight to hold the log boom in place. The log boom is floated out into the current
and, depending on the log size, will deflect floating objects and protect the levee.
3.4.5 Miscellaneous Measures. Other available methods of slope protection include placement of straw
bales pegged into the slope and spreading straw on the slope and overlaying with snow fencing. Both
have been successful against wave action.
3.5 Flashboard and Box Levee Barriers
In addition to earth fill and sandbag levees, two additional types of flood barriers are flashboard and box
levees. The construction of flashboard and box levees requires significant time and expense to complete, so
they are not very practical for emergency situations unless constructed well in advance of a flood event.
However, they may be suitable under certain circumstances. Both are constructed using lumber and earth
fill, and they may be used for capping a levee or as a barrier in highly constricted areas. Construction
details for these barriers are shown on Plate 6.
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Closures

Closures consist of gaps in the flood barrier system that are to be left open until flood stage reaches a
critical elevation, at which point they are blocked and become part of the flood barrier. The critical
elevation must be based on the time required to activate the work crew and reach the site, get materials to
the site, and complete the construction, along with how fast the river is expected to rise.
Typical examples of closures include roadways and railroad tracks where traffic is allowed to continue to
cross the flood barrier until the water level reaches an elevation where the risk of flooding becomes
unacceptable. The size and number of closures should be kept to an absolute minimum. Although the
means of blocking closures can typically be implemented fairly quickly, unanticipated problems occurring
at a critical time when closure activities are underway could result in resources being reallocated
elsewhere. This could result in a hole in the line of protection. If water rises faster than expected, sealing
the closure can become difficult.
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Section 4: Interior Drainage Treatment
High river stages often disrupt the normal drainage of sanitary and storm sewer systems, render sewage
treatment plants inoperative, and cause untreated sewage to back up within the system into homes and
businesses, and eventually directly into waterways. When the river recedes, some of the sewage and natural
storm water runoff may be trapped in low-lying pockets behind the constructed levees, causing the ponded
area and soils to become contaminated.
Hastily-constructed levees intended to keep out river water may also seal off normal outlet channels for
local runoff, creating large ponds on the landward side of the levees. As the ponded runoff level increases,
the levee now becomes vulnerable from both sides, nullifying the protection provided even if the levee is
not overtopped. In these cases the ponded runoff will need to be pumped over the levee to the river side.
Storm water sewers may also back up because of this ponding.
4.1

Preliminary Work

To arrive at a reasonable plan for interior drainage, field personnel must obtain several items of
information:

4.2



Size of drainage area.



Pumping capacity and/or ponding required. This can be estimated by hydraulic engineering
personnel if data are not available.



Basic plan for treatment.



Storm and sanitary sewer and water line maps, if available.



Location of sewer outfalls (both abandoned and in use).



Inventory of available local pumping facilities.



Probable location of pumping equipment.



Whether additional ditching is necessary to drain surface runoff to ponding and/or pump locations.



Location of septic tanks and drain fields abandoned and in use.
Pumps: Types, Sizes and Capacities

Pumps vary in type, size, and capacity. Three common pump types are described below.
4.2.1 Crisafulli Pumps. Crisafulli pumps are normally used for pumping storm water from the dry side to
the wet side of levees. Crisafulli pumps vary in size from 2-inch to 24-inches and are generally supplied
with 50-foot lengths of butyl rubber hose. Care should be taken to prevent damage to the hose. Irrigation
pipe or small diameter culverts can also serve as discharge piping. The outlet of a pump discharge line
should extend riverward far enough off the toe of the levee so that discharges do not erode the levee slope.
The discharge line will most likely need to be staked to a sheet of plywood or a tarp to prevent erosion.
The discharge end should be tied down or otherwise fixed to prevent its movement. These pumps must not
be operated on slopes greater than 20 degrees from horizontal. Table 4.1 shows sizes and capacities (in
gallons per minute, or gpm) of Crisafulli pumps.
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10-foot Head
Pump Size
gpm
Elec. HP
Gas or Diesel HP
‐
2-inch
150
1
4-inch
500
7.5
15
6-inch
1,000
10
20
8-inch
3,000
15
25
12-inch
5,000
25
40
16-inch
9,500
40
65
24-inch
25,000
75
140
20-foot Head
Pump Size
gpm
Elec. HP
Gas or Diesel HP
2-inch
130
1
4-inch
490
10
20
6-inch
850
15
25
8-inch
2,450
20
35
12-inch
3,750
30
50
16-inch
8,000
45
85
24-inch
19,000
100
190
30-foot Head
Pump Size
gpm
Elec. HP
Gas or Diesel HP
2-inch
120
1
4-inch
475
12
25
6-inch
795
20
35
8-inch
2,150
25
45
12-inch
3,450
35
70
16-inch
7,100
60
125
24-inch
16,600
125
250
NOTE: Use high head pumps for heads over 20 feet.
Table 4.1 – Crisafulli Pumps
4.2.2 Flygt Pumps. Flygt pumps are centrifugal pumps that are normally used for pumping from
manholes or storm sewers where smaller capacities are required, and are submersible. Table 4.2 shows
sizes and capacities of Flygt pumps.
Capacity*
Horsepower
90 - 150 gpm
1.3 - 2.0 HP
100 - 250
4-inch
gpm
2.7 - 3.5 HP
6-inch
1,150 gpm
30.0 HP
8-inch
2,300 gpm
29.0 HP
10-inch
3,300 gpm
62.0 HP
* at 25-foot head
Table 4.2 -- Flygt Centrifugal Pumps (Submersible)
Pump Size
3-inch

4.2.3 Fire Engine Pumps. Fire engine pumps have a 4-inch suction connection and a limited pumping
capacity of about 750 gpm. These pumps should only be used if absolutely necessary.
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4.3
Determination of Pumping Requirements for Storm Water Runoff
For storm water runoff, the pumping rate in gallons per minute (gpm) = KAM.


K is a constant, which can be determined from Table 4.3. The values in this table reflect relatively
minor rainfalls; damages from large rainfalls are still possible.



A is the contributing drainage area in acres.



M is a reduction factor if one or more substantial ponding areas are available. To determine the
value of M, do the following:
o First, calculate X using the following formula: X = (PA x AD x 100) / A. PA is the pond
surface area in acres at maximum allowable pond elevation, AD is the average depth of
ponding area in feet, and A is the contributing drainage area in acres.
o Once you have calculated the value for X, use Table 4.4 to determine the value of M.

Area
Red River and Souris River Basin
Headwaters Mississippi River Basin
Minnesota River Basin
Mississippi River Basin, Little Falls to St. Croix Basin at
Prescott
Mississippi River Basin, Prescott to L/D No. 10
Wisconsin and Chippewa River Basin
Lake Superior Area

"Minimum" K
value*
25 to 30
25 to 30
30 to 35

"Desirable" K
value*
70 to 85
70 to 90
90 to 100

30 to 35
30 to 35
30 to 35
25 to 30

85 to 95
95 to 100
85 to 100
70 to 85

* The K value varies from the smaller value for the northern part of the designated area to the larger
value for the southern part of the area. The "minimum" K value in the first column is for a 1/10
year recurrence interval (10 rain events per year) varying from 0.5 to 0.7 inch in a 6-hour period.
The "desirable" K value in the second column represents a 2-year recurrence interval (1 rain event
per 2 years) varying from 1.5 to 2.2 inches in a 6-hour period.
Table 4.3 – Values of K for Computation of Pumping Rates
M
X
0-10
1.0
10-20
0.9
20-25
0.8
25-30
0.7
30-35
0.6
35-40
0.5
40-45
0.4
45-50
0.3
50-55
0.2
55-60
0.1
Greater than 60
0.0
Table 4.4 – Values of M for Adjustment to Pumping Rate
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If a long duration flooding is expected, pumping provided should be above the minimum pumping
capacities determined in this section. If the foundation is relatively pervious, a seepage allowance of 1 to 2
gpm per linear foot of levee should be added to the pumping rate determined from the above formula. If
the foundation consists of a thick clay layer, seepage will be negligible.
Example: Local civil defense officials are considering the emergency construction of approximately 3,000
linear feet of levee, which will seal off the natural outlet for approximately 200 acres of local
runoff from a small, non-storm-sewered city on the Minnesota River where 1965 floodwaters
exceeded flood stage for 15 days. It is estimated that 20 acres of ponding area with a maximum
depth of 4 feet will be available. What pumping capacities can be recommended for the
removal of surface runoff and seepage through the levee?


Assuming this city is in the northern part of the Minnesota River Basin, select K values from Table
4.3.
K minimum = 30
K desirable = 90



Assuming the average depth of the ponding area is 1/2 of the maximum depth:
Average depth = 1/2 x 4.0 = 2.0 feet
X 



20 x 2.0 x 100
 20.0
200

Select M from Table 4.4
M = 0.9



Runoff pumping rate from 200 acres:
"Minimum" = 30 x 200 x 0.9 = 5,400 gpm
"Desirable" = 90 x 200 x 0.9 = 16,200 gpm



Seepage:
3,000 linear feet x 1 gpm/foot = 3,000 gpm



Total Pumping:
"Minimum" Pumping Rate = 5,400 + 3000 = 8,400 gpm
"Desirable" Pumping Rate = 16,200 + 3000 = 19,200 gpm
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4.4
Determination of Pumping Requirements for Sewer Systems
During high water, increased infiltration into sanitary sewers may necessitate increased pumping at the
sewage treatment plant or at manholes at various locations to keep the system functioning. To estimate the
quantity of sewage, allow 100 gallons per capita per day for sanitary sewage and an infiltration allowance
of 15,000 gallons per mile of sewer per day. In some cases, it will be necessary to pump the entire amount
of sewage, and in other cases only the added infiltration will have to be pumped to keep a system in
operation.
Example: Estimate pumping capacity required at an emergency pumping station to be set up at the first
manhole above the sewage treatment plant for a city of 5,000 population and approximately 30
miles of sewer (estimated from map of city). In this case, it is assumed that the treatment plant
will not operate at all.
Computation:
Sewage:

5000 persons x 100 gal / person / day
 347 gpm
24 hrs / day x 60 minutes / hr

Infiltration:

15000 gal / minute / day x 30 min
 312 gpm
24 hrs / day x 60 minutes / hr

Adding these two values together, the required pumping capacity is 659 gpm. If using a Flygt
centrifugal pump from Table 4.2, you could use one 6-inch or three 4-inch pumps.
Table 4.5 indicates the size of pump needed to handle the full flow discharge from sewer pipes up to 24
inches in diameter. Table 4.6 shows sizes and capacities of agricultural type pumps that may be useful in
ponding areas or in low areas adjacent to the flood barrier where a sump hole could be excavated. Table
4.7 lists full flow discharge capacities for clay sewer pipes laid on slopes of 0.001 and 0.005 feet per foot.
Generally, the smaller pipes are laid on steeper slopes than the larger pipes.
Sewer Pipe Diameter

Probable Required
Pump Size

6-inch

2-inch

8-inch

2- to 3-inch

10-inch

3- to 4-inch

12-inch

4- to 6-inch

15-inch

6- to 8-inch

18-inch

6- to 10-inch

21-inch

8- to 10-inch

24-inch

10- to 12-inch

Table 4.5 – Matching Sewer Pipe Size to Pump Size
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16-inch Regular Pump @ 540 rpm
Total Dynamic Head Capacity
Brake Horsepower
(in feet)
(gpm)
0
13,500
100
5
12,000
95
10
10,600
91
15
8,900
85
20
7,100
78
25
5,300
70
30
3,300
60
35
1,400
47
38.3
0
36.5
12-inch Regular Pump @ 540 rpm
Total Dynamic Head Capacity
Brake Horsepower
(in feet)
(gpm)
0
5,525
42
5
5,100
40
10
4,600
38
15
3,900
35
20
2,900
30
24.8
0
15.6
Table 4.6 – Pump Discharge Capacities for Ag. Pumps

S = 0.001
S = 0.005
Cubic Feet
Gallons
Cubic Feet
Gallons per
per second per minute per second
minute
Pipe Diameter
(cfs)
(gpm)
(cfs)
(gpm)
6-inch
0.19
85
0.35
156
8-inch
0.35
156
0.76
340
10-inch
0.65
292
1.6
720
12-inch
1.2
540
2.5
1,120
15-inch
2.1
945
4.5
2,020
18-inch
3.4
1,520
7.3
3,260
21-inch
5
2,230
11.2
5,000
24-inch
8.2
3,660
15.2
6,800
Table 4.7 – Flow Capacity of Clay Sewer Pipe on two different slopes (S)
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4.5
Metal Culverts
Pumping of ponded water is usually preferable to draining the water through a culvert since the tail water
(drainage end of culvert) could increase in elevation to a point higher than the inlet, and water could back
up into the area being protected. Installation of a flap gate at the outlet end may be desirable to minimize
backup.
If a culvert is desired to pass water from a creek through a levee, an engineering-based computation of the
drainage basin is required to determine pipe size.
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Section 5: Flood Fight Problems
Many issues can arise during a flood fight. The most valuable asset in problem solving under emergency
conditions is capable field personnel. Many problems can be solved quickly and efficiently through the
application of common sense and sensitivity to human relations. Physical problems with the levees and
related infrastructure can be identified early if a well-organized levee patrol team with a good
communication system exists.
The problems most critical to the integrity of the flood barrier system are described below. Current
conditions must be taken in to account before implementing a specific solution, including high and low
temperatures, frost depth, and the level of water on levee slopes.
5.1
Definitions
Overtopping: Overtopping occurs when water levels exceed the crest elevation of a levee and flow into
protected areas. A breach may occur as a result of overtopping. In some cases, a levee may be overtopped
without breaching (Non-Breach). In these cases, the water does not erode the levee structure and the levee
is still functional for the next event. Figure 9 illustrates overtopping results.

Figure 9 – Possible results when levee is overtopped.
Breach: A rupture, break, or gap in a levee system whose cause has not been determined.
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Overtopping Breach: A breach whose cause is known to be a result of overtopping (system exceeded). A
breach occurs during overtopping due to damages caused by the water flowing over the top of the levee.
Once breached the levee must be repaired to function during the next flood event.
Failure Breach: A breach in a levee system for which a cause is known and which occurred without
overtopping. A failure breach occurs due to a failure of the embankment at a level below the top of the
levee. Figure 10 illustrates a failure breach.

Figure 10 – Failure Breach
The chart below (Figure 11) further defines the appropriate flooding descriptions that correspond to the
levee responses to rising water.
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Figure 11 - Appropriate flooding descriptions corresponding to the levee responses to rising
5.2
Overtopping
Since most emergency levees are in urban areas, overtopping should be prevented at any cost. Overtopping
will generally be caused by (1) unusual hydrologic phenomena that cause a much higher stage than
anticipated, e.g. heavy rainfall or an ice dam in the channel, (2) insufficient time in which to complete the
flood barrier, or (3) unexpected settlement or failure of the barrier.
Generally, emergency barriers are built two feet above the predicted crest level. If the crest prediction is
raised during construction, additional height must be added to the barrier. On an existing or completed
barrier, predictions of increases to water levels or settlement of the barrier will call for some form of
capping to raise the barrier. Capping should be done with earth fill or sandbags using normal construction
procedures.
5.3
Breaches
Levee breaches may occur as a result of overtopping; however there are other causes as well. Unlike
overtopping, the solutions for breaches vary depending on the cause. The following subsections describe
the different causes and how to prevent them.
5.4
Seepage
Seepage is percolation of water through or under a levee and generally first appears at the landside toe.
Seepage through the levee is likely to occur only in a relatively pervious section. Seepage, as such, is
generally not a problem unless (1) the landward levee slope becomes saturated over a large area, (2)
seepage water is carrying material from the levee, or (3) pumping capacity is exceeded. Seepage that
causes severe sand boils and piping is covered in the next subsection.
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Seepage is almost impossible to eliminate and any attempt to do so may create a much more severe
condition. Pumping of seepage should be held to a minimum, based on the maximum ponding elevation
that can be tolerated without damages. In the past, attempts to keep low areas pumped dry resulted in sand
boils, and additional time and effort were then expended in trying to control these sand boils caused by
pumping. Therefore, seepage should be permitted if no apparent ill effects are observed and if adequate
pumping capacity is available. If seepage causes saturation and sloughing of the landward slope, the
section should be flattened to a 1V to 4H ratio or flatter. Material for flattening should be at least as
pervious as the existing embankment material to avoid a pressure build up. Do not place clay over sand to
flatten a slope.
5.5
Sand Boils
5.5.1 Definition. A sand boil is the rupture of the top foundation stratum landward of a levee caused by
excess hydrostatic head in the substratum. Even when a levee is properly constructed and of such
mass to resist the destructive action of flood water, water may seep through a sand or gravel stratum
under the levee and break through the ground surface on the landside in the form of bubbling
springs. When such a seep occurs, a stream of water bursts through the ground surface carrying
with it sand or silt that is distributed around the hole in the shape of a cone. Depending on the
magnitude of pressure and the size of the boil, it may eventually discharge relatively clear water or
it may continue to carry quantities of sand and silt. Sand boils usually occur within 10 to 300 feet
from the landside toe of the levee, but in some instances, have occurred up to 1,000 feet away.
5.5.2 Destructive Action. Sand boils can produce three distinctly different effects on a levee, depending
on the condition of flow under the levee:
a.

Piping Flow. Piping is the active erosion of subsurface material as a result of substratum pressure
and concentration of seepage in a localized channel. The flow breaks out at the landside toe in the
form of one or more large sand boils. Unless checked, this flow causes the development of a cavern
under the levee, resulting in the subsidence of the levee and possible overtopping. This case can be
easily recognized by the slumping of the levee crown.

b.

Non Piping Flow. In this case, the water flows under pressure beneath the levee without following
a defined path, as in the case above. This flow results in one or more boils outcropping at or near
the landside toe. The flow from these boils tends to undercut the landside toe, resulting in
sloughing of the landward slope.

c.

Saturating Flow. In this case, numerous small boils, many of which are scarcely noticeable,
outcrop at or near the landside toe. While no boil may appear to be dangerous by itself, the group
of boils may cause saturation and flotation ("quickness") of the soil. This can reduce the shear
strength of the material at the levee toe to such an extent that failure of the slope through sliding
may result.

5.5.3 Combating Sand Boils. All sand boils should be watched closely, especially those within 100 feet
of the toe of the levee. All boils should be conspicuously marked with flagging so that patrols can
locate them without difficulty and observe changes in their condition. A sand boil that discharges
clear water in a steady flow is usually not dangerous to the safety of the levee. However, if the flow
of water increases and the sand boil begins to discharge material, corrective action should be
undertaken immediately.
The accepted method of treating sand boils is to construct a ring of sandbags around the boil,
building up a head of water within the ring sufficient to check the velocity of flow, thereby
preventing further movement of sand and silt. Plate 10 illustrates and describes the techniques for
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ringing a boil with sandbags. Actual conditions at each sand boil will determine the exact
dimensions of the boil and the flow of water from it, and the required sandbag ring.
In general, the following considerations should control construction of the sandbag ring: (1) the base
width of the sandbag section on each side of the ring should be no less than 1-1/2 times the
contemplated height, (2) weak soils near the boil should be included within the ring, thereby
preventing a break through later, and (3) the ring should be sufficient size to permit sacking
operations to keep ahead of the flow of water. The height of the ring should only be high enough to
stop the movement of soil in the water, and not so high as to completely eliminate seepage. The
practice of raising the ring to the river elevation is not necessary and may be dangerous in high
stages.
If seepage flow is completely stopped, a new boil will likely develop beyond the ring. This boil
could erupt suddenly and cause considerable damage. Where many boils are found to exist in a
given area, a ring levee of sandbags should be constructed around the entire area, and, if necessary,
water should be pumped into the area to provide sufficient weight to counterbalance the upward
pressure.
In the case of smaller sand boils, large diameter metal or concrete pipe can be placed around the boil
to reduce the flow of soil material from the boil. In such cases, take care not to stop the water flow
from the boil, only the material flow. It may be necessary to cut a hole in the side of the pipe to
allow water to exit.
5.6
Erosion
Erosion of the riverside slope is one of the most severe problems that will be encountered during a flood
fight. Emergency operations to control erosion include the use of polyethylene sheeting and sandbag
anchors. Poly placement along the riverward face of the levee is discussed at length in Section 3.4, Erosion
Protection for Emergency Levees.
5.7
Sewer-Related Problems
During a flood fight, continued surveillance of possible sewer problems is necessary. Existing sewers in
the protected area may cause problems because of seepage into the lines, leakage through blocked outlets to
the river, insufficient manhole pumps, or old or abandoned sewer locations that were not known during
pre-flood preparations. Any of these conditions can cause high pressures in parts of the sewer system and
lead to backflow, collapse of the lines at weak points, and manhole covers blowing off.
Watertight sluice gates, or flap gates can be used to prevent backflow. Emergency stoppers may be
constructed of lumber, sandbags, or other materials, using poly as a seal, preferably placed on the discharge
end of the outfall pipe. Plate 7 shows examples of prefabricated pipe stoppers that can be placed in the
pipe to block flows. Plates 8 and 9 illustrate methods of sealing off the outlet openings of a manhole with
standard materials that are normally available so that the manhole may be used as an emergency pumping
station.
If the water level in a manhole approaches the top, additional pumps in other manholes may alleviate the
problem. In sanitary sewers, additional pumping may be required at various locations in the system to
provide continued service to the homes in the protected area. When pumps are not available, manholes
may have to be ringed with sandbags or contained by some other method, such as concrete culverts with a
sandbag base that allows the water to rise up above the top of the manhole. Some leakage may occur that
will require safe disposal.
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To eliminate the problem of disposing of this leakage from manholes, the ring levee would have to be
raised above the river water surface elevation. Doing so creates high pressures on the sewer and should not
be done. As with sand boils, it is best to ring the manhole part way to reduce the head and dispose of any
leakage that occurs.
Directly weighing down manhole covers with sandbags or other items is not recommended where high
heads are possible as this will not work. A 10-foot head on a manhole cover 2 feet in diameter would exert
a force of 2,060 pounds. Thus, a counterweight of more than one ton would have to be placed directly on
the cover.
5.8
Other Causes of Levee Failure
In addition to the problems covered above, the following conditions could contribute to failure:


Joining of an earth levee to a solid wall, such as concrete or piling.



Structures projecting from the riverside of levee.



A utility line crossing or a drain pipe crossing through the levee fill.



The elevation of the tops of “stoplogs” on roads or railroad tracks are at a lower elevation than the
top of the levee.



Relying on railroad embankments as levees. Material comprising a railroad embankment may not
be suitable as levee fill. Furthermore, the railroad embankment section often has a narrow top
width and steep side slopes.



Allowing pump discharge lines to discharge directly on the riverward levee slope. When discharge
lines are allowed to discharge on the levee slope, severe erosion can occur, thus threatening the
levee stability. Insure that outlets for pump discharge lines are placed riverward beyond the levee
toe, and appropriately anchored to prevent movement.
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5.9
Interior Flooding
Even when the levee performs as designed (Figure 12), interior flooding can occur. Some of the causes of
interior flooding are:






Seepage
Sand Boils
Rainfall Runoff
Levee Penetrations – drainage conduits designed to drain the interior area during low flows do not
close properly during the flood event and allow water to flow from the river side to the interior side.
Pump Station Failures – pump stations designed to pump interior drainage over the levee can fail
during an event due to pump failures loss of power.

Solutions for interior flooding are described in Section 4, Interior Drainage.

Figure 12 – Levee performs as designed.
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Section 6: List of Resources and Hyperlinks
U.S. Army Corps of Engineers, St. Paul District:
http://www.mvp.usace.army.mil/Missions/EmergencyManagement.aspx
Community Emergency Action Plan Guidebook:
http://www.mvp.usace.army.mil/Missions/CivilWorks/FloodRiskManagement/EmergencyActionPlan
Guidebook.aspx
NDSU Flood Resources: https://www.ag.ndsu.edu/flood/
Flood Response Training for Community Emergency Response Teams (CERTs):
https://www.fema.gov/media-library/assets/documents/28668
Red Cross Flood Information: http://www.redcross.org/prepare/disaster/flood
Family and Business Preparedness: http://www.ready.gov/
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Section 7: Plates Showing Emergency Flood Control Activities
PLATE 1:

Recommended Method for Sandbag Levee Construction

PLATE 2:

Recommended Methods for Anchoring Polyethylene Sheeting at the Levee Toe

PLATE 3:

Alternate Method for Anchoring Polyethylene Sheeting at the Levee Toe (when placed in
the dry)

PLATE 4:

Recommended Method for Placement of Polyethylene Sheeting on Temporary Levees
(when placed in the dry)

PLATE 5:

Recommended Method for Placement of Polyethylene Sheeting on Temporary Levees
(when placed in the wet)

PLATE 6:

Recommended Method for Flashboard and Box Levees

PLATE 7:

Recommended Method for Plugging Pipes

PLATE 8:

Recommended Method for Adapting Manhole for Pumping, Method 1

PLATE 9:

Recommended Method for Adapting Manhole for Pumping, Method 2

PLATE 10:

Recommended Method for Ringing Sand Boils
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3
LAND SIDE

1

RIVER SIDE

BONDING TRENCH:
1 SANDBAG DEEP BY
2 SANDBAGS WIDE

LEVEE SECTION

RIVER SIDE

LAND SIDE

METHOD OF LAPPING SACKS
LEVEE
HEIGHT

NUMBER OF SAND BAGS REQUIRED FOR LENGTH OF LEVEE
50 FT

100 FT

175 FT

200 FT

250 FT

300 FT

350 FT

400 FT

450 FT

500 FT

1 Foot

300

600

1,050

1,200

1,500

1,800

2,100

2,400

2,700

3,000

2 Feet

1,050

2,100

3,675

4,200

5,250

6,300

7,350

8,400

9,450

10,500

3 Feet

2,250

4,500

7,875

9,000

11,250

13,500

15,750

18,000

20,250

22,500

4 Feet

3,900

7,800

13,650

15,600

19,500

23,400

27,300

31,200

35,100

39,000

5 Feet

6,000

12,000

21,000

24,000

30,000

36,000

42,000

48,000

54,000

60,000

NOTES:
1. START UPSTREAM.
2. STRIP SOD BEFORE LAYING.
3. ALTERNATE DIRECTION OF SACKS WITH BOTTOM LAYER PARALLEL TO FLOW.
4. NEXT LAYER PERPENDICULAR TO FLOW WITH OPEN END AWAY FROM WET SIDE
5. LAP UNFILLED PORTION UNDER NEXT SACK.
6. TYING OR SEWING SACKS NOT NECESSARY.
7. TAMP THOROUGHLY IN PLACE, SACKS SHOULD BE APPROXIMATELY ½-FULL OF
SAND.

PLATE 1
RECOMMENDED METHOD FOR
SANDBAG LEVEE CONSTRUCTION

CEMVP Flood Fight Handbook
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PLATE 2
RECOMMENDED METHODS FOR
ANCHORING POLYETHYLENE
SHEETING AT THE LEVEE TOE

CEMVP Flood Fight Handbook
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1 BAG EVERY 6’
EXCESS POLYETHYLENE ROLLED
FOR POSSIBLE FUTURE LEVEE
RAISE

SAND BAGS STAGGERED TO PROTECT
POLYETHYLENE FROM DEBRIS & ICE

LAND SIDE

RIVER SIDE
LOW FLOW
RIVER CHANNEL

PLACE POLYETHYLENE LOOSELY
(WITH SLACK) ON THE SMOOTHED SURFACE

PLACE EDGE OF POLYETHYLENE IN
6” DEEP TRENCH (DEEPER TRENCH IS
DESIRABLE) OR LAY OUT FROM TOE

PLATE 3
ALTERNATE METHOD FOR
ANCHORING POLYETHYLENE
SHEETING AT THE LEVEE TOE
(WHEN PLACED IN THE DRY)
CEMVP Flood Fight Handbook
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RECOMMENDED POLYETHYLENE
1st - 6 MIL BLACK
2nd - 6 MIL CLEAR
3rd - 4 MIL BLACK
4th - 4 MIL CLEAR
5th - 2 MIL BLACK OR CLEAR
(USE AS A LAST RESORT)

PLATE 4
RECOMMENDED METHOD FOR
PLACEMENT OF POLYETHYLENE
SHEETING ON TEMPORARY LEVEES
(WHEN PLACED IN THE DRY)

CEMVP Flood Fight Handbook
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SANDBAG COUNTERWEIGHTS

3’ TO 5’ OVERLAP
W
SU ATER
RF
AC
E

P
TO EE
V
LE

SANDBAG
WEIGHTS

PO
LY
ET
HY
LE
NE

CU
RR
EN
T

PLATE 5
RECOMMENDED METHOD FOR
PLACEMENT OF POLYETHYLENE
SHEETING ON TEMPORARY LEVEES
(WHEN PLACED IN THE WET)
CEMVP Flood Fight Handbook
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2x4 OR 4x4 POSTS
2x4 BRACING

RIVER SIDE

LAND SIDE
EARTH FILL

FILTER MATERIAL
AGAINST 1x12
BOARDS

2’ MIN
MATERIAL TO BE
TAMPED AGAINST
BOTTOM BOARD

WIDTH TWO TIMES
HEIGHT OF LEVEE

2
RIVER SIDE

1

EARTH
FILL

LAND SIDE

BOX
LEVEE

2

STRIP SOD
BELOW FILL
2 x 4’S APPROX. 5 FEET LONG
2 FEET MINIMUM PENETRATION

FLASHBOARD LEVEE

1
PLATE 6
RECOMMENDED METHOD FOR FLASHBOARD
AND BOX LEVEES

CEMVP Flood Fight Handbook
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LEVEL THAT FLOOD AND WASTE WATER BACKUP
WILL REACH WITHOUT PIPE STOPPERS
FLOOD WATERS ENTER
SEWER SYSTEM

RIVER

NORMAL WATER TABLE

PLUG INSTALLED HERE PREVENTS
FLOOD AND/OR WASTE WATER
BACKUP INTO UNFLOODED AREAS
OF THE COMMUNITY

PIPE STOPPER: DESIGN 1
AIR HOSE

NYLON
ROPE

PIPE STOPPER: DESIGN 2
REMOVABLE
PLUG

AIR HOSE

6 ” TO 10 8
” PIPE

NYLON
ROPE

PLATE 7
RECOMMENDED METHOD FOR
PLUGGING PIPES

CEMVP Flood Fight Handbook
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SUCTION LINE TO PUMP

A

PIPE PLUG MADE FROM
2x4’s AND 1” STOCK
(BOARDS OR PLYWOOD)
TO RIVER

SEWER PIPE

ADAPTING MANHOLE FOR PUMPING
DURING FLOOD EMERGENCY

1” LUMBER OR
PLYWOOD

SECTION

A

PLATE 8
RECOMMENDED METHOD FOR ADAPTING
MANHOLE FOR PUMPING
(METHOD 1)
CEMVP Flood Fight Handbook
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SUCTION LINE
TO PUMP

12” DIA
X 4’ CVP

PLUG OUTLET PIPE
WITH SAND BAGS

A

TO RIVER

SEE NOTE
NOTE:
IF A 90o ELBOW IS AVAILABLE,
4X4’S ARE NOT REQUIRED

ADAPTING MANHOLE FOR PUMPING
DURING FLOOD EMERGENCY

4x4 OR TWO 2x4’s

20 D SPIKES

SECTION

A

PLATE 9
RECOMMENDED METHOD FOR ADAPTING
MANHOLE FOR PUMPING
(METHOD 2)
CEMVP Flood Fight Handbook
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LANDSIDE

RIVERSIDE

WATER SURFACE

SANDBAG RING
AROUND BOIL

EXISTING LEVEE

WATER SEEPAGE

ELEVATION

NOTES:
1.

BOTTOM WIDTH TO BE NO LESS
THAN 1-1/2 TIMES THE HEIGHT.
TIE INTO LEVEE IF BOIL IS NEAR
TOE.

2.

ENTIRE BASE TO BE CLEARED
AND SCARIFIED.

3.

LOOSE EARTH TO BE USED
BETWEEN ALL SACKS.

4.

ALL JOINTS TO BE STAGGERED.

CEMVP Flood Fight Handbook

PLATE 10
RECOMMENDED METHOD FOR RINGING
SAND BOILS

45
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Appendix E USACE Flood Damage Reduction Inspection Report

Fargo, ND | El Zagal Area Flood Risk Management O&M Manual

Flood Damage Reduction Segment / System
Inspection Report

US Army Corps
of Engineers®
Name of Segment / System:
Public Sponsor(s):
Public Sponsor Representative:
Sponsor Phone:
Sponsor Email:
Corps of Engineers Inspector:

Date of Inspection:

Inspection Report Prepared By:

Date Report Prepared:

Internal Technical Review (for Periodic Inspections) By:

Date of ITR:

Final Approved By:
Type of Inspection:

Contents of Report:

Date Approved:
Initial Eligibility Inspection

Overall Segment / System Rating:

Continuing Eligibility Inspection (Routine)
Continuing Eligibility Inspection (Periodic)

Minimally Acceptable
Unacceptable
Note: In addition to the report contents indicated here, a plan view drawing of
the system, with stationing, should be included with this report to reference
locations of items rated less than acceptable. Photos of general system
condition and any noted deficiencies should also be attached.

Instructions
Initial Eligibility Inspection
General Items for All Flood Control Works
Levee Embankment
Concrete Floodwalls
Sheet Pile and Concrete I-walls
Interior Drainage System
Pump Stations
FDR System Channels

Acceptable

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Public Sponsor Pre-Inspection Form

The following information is to be provided by the levee district sponsor prior to an inspection. This information will be used to help evaluate the organizational capability of the
levee district to manage the levee segment / system maintenance program.
1. Levee segment / system and district: (name of the segment / system and levee district)

2. Reporting period: (month/day/year to month/day/year)

3. Summary of maintenance required by last inspection report:

4. Summary of maintenance performed this reporting period:

5. Summary of maintenance planned next reporting period:

6. Summary of changes to segment / system since last inspection:

7. Problems/ issues requiring the assistance of the US Army Corps of Engineers:

Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®

Pre-Inspection Form
Page 1 of 2

Public Sponsor Pre-Inspection Report
The following information is to be provided by the levee district sponsor prior to an inspection
8. Levee district organization: (elected or appointed levee district officials and key employees)
Name
Position
Mailing Address

Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®

Phone Number

Email Address

Pre-Inspection Form
Page 2 of 2

General Instructions for the Inspection of Flood Damage Reduction Segments / Systems
A.

Purpose of USACE Inspections:
The primary purpose of these inspections is to prevent loss of life and catastrophic damages; preserve the value of Federal investments, and to encourage non-Federal sponsors to bear responsibility for
their own protection. Inspections should assure that Flood Damage Reduction structures and facilities are continually maintained and operated as necessary to obtain the maximum benefits. Inspections
are also conducted to determine eligibility for Rehabilitation Assistance under authority of PL 84-99 for Federal and non-Federal systems. (ER 1130-2-530, ER 500-1-1)

B.

Types of Inspections:
The Corps conducts several types of inspections of Flood Damage Reduction systems, as outlined below:
Continuing Eligibility Inspections
Initial Eligibility Inspections
IEIs are conducted to determine whether a nonFederally constructed Flood Damage Reduction
system meets the minimum criteria and standards set
forth by the Corps for initial inclusion into the
Rehabilitation and Inspection Program.

C.

D.

Routine Inspections

Periodic Inspections

RIs are intended to verify proper
maintenance, owner
preparedness, and component
operation.

PIs are intended to verify proper maintenance and component operation and to evaluate operational adequacy,
structural stability, and safety of the system. Periodic Inspections evaluate the system's original design criteria
vs. current design criteria to determine potential performance impacts, evaluate the current conditions, and
compare the design loads and design analysis used against current design standards. This is to be done to
identify components and features for the sponsor that need to be monitored more closely over time or
corrected as needed. (Periodic Inspections are used as the basis of risk assessments.)

Inspection Boundaries:
Inspections should be conducted so as to rate each Flood Damage Reduction "Segment" of the system. The overall system rating will be the lowest segment rating in the system.
Project

System

Segment

A flood damage reduction project is made up of one
or more flood damage reduction systems which were
under the same authorization.

A flood damage reduction system is made up of one or more flood damage
reduction segments which collectively provide flood damage reduction to a
defined area. Failure of one segment within a system constitutes failure of the
entire system. Failure of one system does not affect another system.

A flood damage reduction segment is defined as a discrete
portion of a flood damage reduction system that is operated and
maintained by a single entity. A flood damage reduction
segment can be made up of one or more features (levee,
floodwall, pump stations, etc).

Land Use Definitions:
The following three definitions are intended for use in determining minimum required inspection intervals and initial requirements for inclusion into the Rehabilitation and Inspection Program.
Inspections should be considered for all systems that would result in significant environmental or economic impact upon failure regardless of specific land use.
Agricultural
Protected population in the range of zero to 5
households per square mile protected.

US Army Corps
of Engineers®

Rural
Protected population in the range
of 6 to 20 households per square
mile protected.

Urban
Greater than 20 households per square mile; major industrial areas with significant infrastructure investment.
Some protected urban areas have no permanent population but may be industrial areas with high value
infrastructure with no overnight population.

Flood Damage Reduction Segment / System
Inspection Report

General Instructions
Page 1 of 3

E.

Use of the Inspection Report Template:
The report template is intended for use in all Army Corps of Engineers inspections of levee and floodwall systems and flood damage reduction channels. The section of the template labeled “Initial
Eligibility" only needs to be completed during Initial Eligibility Inspections of Non-Federally constructed Flood Damage Reduction Systems. The section labeled "General Items" needs to be completed
with every inspection, along with all other sections that correspond to features in the system. The section labeled "Public Sponsor Pre-Inspection Report" is intended for completion before the inspection,
if possible.

F.

Individual Item / Component Ratings:
Assessment of individual components rated during the inspection should be based on the criteria provided in the inspection report template, though inspectors may incorporate additional items into the
report based on the characteristics of the system. The assessment of individual components should be based on the following definitions.
Acceptable Item
The inspected item is in satisfactory condition, with
no deficiencies, and will function as intended during
the next flood event.

G.

Unacceptable Item
The inspected item has one or more serious deficiencies that
need to be corrected. The serious deficiency or deficiencies will
seriously impair the functioning of the item as intended during
the next flood event.

Overall Segment / System Ratings:
Determination of the overall system rating is based on the definitions below. Note that an Unacceptable System Rating may be either based on an engineering determination that concluded that noted
deficiencies would prevent the system from functioning as intended during the next flood event, or based on the sponsor's demonstrated lack of commitment or inability to correct serious deficiencies in a
timely manner.
Acceptable System
All items or components are rated as Acceptable.

H.

Minimally Acceptable Item
The inspected item has one or more minor deficiencies that need to be
corrected. The minor deficiency or deficiencies will not seriously impair the
functioning of the item as intended during the next flood event.

Minimally Acceptable System

Unacceptable System

One or more items are rated as Minimally Acceptable or one or more items are
rated as Unacceptable and an engineering determination concludes that the
Unacceptable items would not prevent the segment / system from performing
as intended during the next flood event.

One or more items are rated as Unacceptable and would prevent
the segment / system from performing as intended, or a serious
deficiency noted in past inspections (which had previously
resulted in a minimally acceptable system rating) has not been
corrected within the established timeframe, not to exceed two
years.

Eligibility for PL84-99 Rehabilitation Assistance:
Inspected systems that are not operated and maintained by the Federal government may be Active in the Corps' Rehabilitation and Inspection Program (RIP) and eligible for rehabilitation assistance from
the Corps as defined below:
If the Overall System Rating is Acceptable
The system is active in the RIP and eligible for
PL84-99 rehabilitation assistance.

US Army Corps
of Engineers®

If the Overall System Rating is Minimally Acceptable
The system is Active in the RIP during the time that it takes to make needed
corrections. Active systems are eligible for rehabilitation assistance.
However, if the sponsor does not present USACE with proof that serious
deficiencies (which had previously resulted in a minimally acceptable system
rating) were corrected within the established timeframe, then the system will
become Inactive in the RIP.

Flood Damage Reduction Segment / System
Inspection Report

If the Overall System Rating is Unacceptable
The system is Inactive in the RIP, and the status will remain
Inactive until the sponsor presents USACE with proof that all
items rated Unacceptable have been corrected. Inactive systems
are ineligible for rehabilitation assistance.

General Instructions
Page 2 of 3

I.

Reporting:
After the inspection, the Corps is responsible for assembling an inspection report (or a summary report if it was a Periodic Inspection) including the following information:

J.

a.

All sections of the report template used during the inspection, including the cover and pre-inspection materials. (Supplemental data collected, and any sections of the template that
weren't used during the inspection do not need to be included with the report.)

b.

Photos of the general system condition and noted deficiencies.

c.

A plan view drawing of the system, with stationing, to reference locations of items rated less than acceptable.

d.

The relative importance of the identified maintenance issues should be specified in the transmittal letter.

e.

If the Overall System Rating is Minimally Acceptable, the report needs to establish a timeframe for correction of serious deficiencies noted (not to exceed two years) and indicate
that if these items are not corrected within the required timeframe, the system will be rated as Unacceptable and made Inactive in the Rehabilitation Inspection Program.

Notification:
Reports are to be disseminated as follows within 30 days of the inspection date.
If the Overall System Rating is Acceptable

If the Overall System Rating is Minimally Acceptable

If the Overall System Rating is Unacceptable

Reports need to be provided to the local sponsor and
the county emergency management agency.

Reports need to be provided to the local sponsor, state emergency management
agency, county emergency management agency, and to the FEMA region.

Reports need to be provided to the local sponsor, state
emergency management agency, county emergency management
agency, FEMA region, and to the Congressional delegation
within 30 days of the inspection.

US Army Corps
of Engineers®

Flood Damage Reduction Segment / System
Inspection Report
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Initial Eligibility
For use only during Initial Eligibility Inspections of Non-Federally Constructed Flood Damage Reduction Segments / Systems
Rated Item

Rating

Rating Guidelines

1. Public Sponsor
(A or U only)

A

U
2. Flood Protection
(A or U only)

3. Segment /
System
Completion
(A or U only)
4. Construction
Compliance
(A or U only)

5. Primary Levee

A

The Public Sponsor is a legally constituted public body with full authority and capability to
perform the terms of its agreement as the non-Federal partner of the Corps for a segment / system,
able to pay damages, if necessary, in the event of its failure to perform. The public sponsor may
be a State, County, City, Town, Federally recognized Indian Tribe or tribal organization, Alaska
Native Corporation, or any political subpart of a State or group of states that has the legal and
financial authority and capability to provide the necessary cash contributions and the lands,
easements, rights-of-way, relocations, borrow, and dredged or excavated materials disposal areas
(LERRD's) necessary for the segment / system, and who could legally hold and save the Federal
government free from damages that could potentially arise during post-flood rehabilitations or
other work on the segment / system.
The segment / system does not have a public sponsor as defined above.
The principal function of the segment / system is to protect people or property from floods.

U

The segment / system was built or is primarily used for channel alignment, navigation, recreation,
fish and wildlife, land reclamation, drainage, to protect against land erosion or tidal inflows, or for
some other non-flood related purpose.

A

Segment / System construction is fully completed.

U

Location/Remarks/Recommendations

The segment / system is still under construction.

A

Appropriate local, State, tribal, and/or Federal permits (right-of-way, easements, regulatory
permits, etc.), or waivers thereof, have been obtained for FDR segment / system construction and
subsequent modifications. The segment / system was constructed in accordance with all
applicable Federal, state and local codes, ordinances, and applicable laws.

U

The appropriate permits (or waivers thereof) have not been obtained for the segment / system, or
the segment / system was not constructed in accordance with applicable codes, ordinances, and
laws.

A

In the case of a levee segment / system, the levee is a primary levee or is a secondary levee which
is designed to protect human life.

U

The levee is a secondary levee and was not designed to protect human life.

N/A The FDR segment / system is not a levee segment / system.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
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Initial Eligibility
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Initial Eligibility
For use only during Initial Eligibility Inspections of Non-Federally Constructed Flood Damage Reduction Segments / Systems
Rated Item

Rating

Rating Guidelines

A

• Urban Levees and Floodwalls- Minimum elevation corresponding to a flood level with 10%
probability of occurring in a given year (10-year flood).
• Agricultural Levees and Floodwalls- Minimum elevation corresponding to a flood level with
20% probability of occurring in a given year (5-year flood).
• Flood Damage Reduction Channels- Minimum capacity is for a flood with a 10% probability
of occurring in a given year (10-year flood). Improved channels must additionally provide
drainage for at least 1.5 square miles of land and have a capacity of at least 800 cfs. (Interior
drainage channels within the protected area of a levee segment / system are not considered to be
flood damage reduction channels under the RIP.)

U

The FDR segment / system does not meet requirements for minimum elevation, capacity, or
drainage area.

A

The physical location, cross section, and other design elements of the FDR system are sufficient to
provide reliable flood protection. The FDR segment / system forms a properly closed segment /
system. See Table 5-4, EP 500-1-1.

U

The FDR segment / system was not constructed in an appropriate location, does not have an
appropriate cross section, is not a properly closed segment / system, or has other shortcomings
with design elements necessary for providing reliable flood damage reduction.

A

Embankment fill material is uniform and adequately compacted throughout the entire FDR
segment / system, and the type of embankment material is suitable to prevent slides and seepage
problems.

U

Embankment fill material is not uniform, or there is no compaction and evidence indicates a need
for compaction, or the type of embankment material is unsuitable and is likely to contribute to the
development of slides or seepage problems.

A

Foundation material and construction methods adequately address piping, sand boils, seepage, or
settlements that would reduce the level of protection.

U

Foundation material and construction methods are such that excessive uncontrolled seepage, sand
boils, and piping will occur. Performance history indicates significant uncontrolled seepage, sand
boils or piping.

A

Erosion protection is capable of handling the designed flow velocity for the level of protection for
the entire FDR segment / system. The FDR segment / system is protected against bank caving and
slides in all necessary areas, and has adequate drainage to protect FDR segment / system slopes
from runoff erosion.

U

Erosion protection is not present and there is evidence indicating a need for erosion protection.

6. Minimum
Elevation1
(A or U only)

7. Physical
Location and
Cross Section (A
or U only)

8. Embankment Fill
Material2

9. Foundations2

10. Erosion Control

Location/Remarks/Recommendations

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
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Initial Eligibility
For use only during Initial Eligibility Inspections of Non-Federally Constructed Flood Damage Reduction Segments / Systems
Rated Item
11. Interior Drainage
System3
(including
culverts, gates,
pump stations)

Rating

Rating Guidelines

A

U
N/A
12. Structures3

Location/Remarks/Recommendations

Given the level of protection provided by the FDR system, interior drainage structures are
appropriately sized, situated, and constructed to move anticipated runoff and seepage out of the
protected area. Pump stations will not become inundated during regular operation and their power
system is adequately designed and reliable.
Interior drainage structures are undersized, poorly constructed, poorly situated, or unreliably
designed.
The issue of interior drainage does not apply to this type of FDR segment / system.

A

Structures are designed and constructed to withstand anticipated loadings.

U

Structures are unreliably designed or inadequately constructed.

1

Depending on available data and local Corps policy, the minimum elevation required may be calculated using traditional methods, with the addition of 1 foot of freeboard in
agricultural areas and 2 feet of freeboard in urban areas, or using annual exceedance probability, which numerically accounts for the natural variation and uncertainty when
estimating discharge-probability and stage-discharge functions so that additional requirements for elevation are based on the level of uncertainty in the data.
2
This item should be evaluated based on a review of performance history. If this is not available, some form of engineering assessment is required.
3
Documentation (plans, at a minimum) required for any necessary engineering evaluation is to be provided by the public sponsor.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®
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General Items for All Flood Damage Reduction Segments / Systems
For use during all inspections of all Flood Damage Reduction Segments / Systems
Rated Item
1. Operations and
Maintenance
Manuals

2. Emergency
Supplies and
Equipment
(A or M only)

3. Flood
Preparedness and
Training
(A or M only)

Rating

Rating Guidelines
A

Levee Owner's Manual, O&M Manuals, and/or manufacturer's operating instructions are
present.

M

Sponsor manuals are lost or missing or out of date; however, sponsor will obtain manuals
prior to next scheduled inspection.

U

Sponsor has not obtained lost or missing manuals identified during previous inspection.

A

The sponsor maintains a stockpile of sandbags, shovels, and other flood fight supplies which
will adequately supply all needs for the initial days of a flood fight. Sponsor determines
required quantity of supplies after consulting with inspector.

M

The sponsor does not maintain an adequate supply of flood fighting materials as part of their
preparedness activities.

A

Sponsor has a written system-specific flood response plan and a solid understanding of how to
operate, maintain, and staff the FDR system during a flood. Sponsor maintains a list of
emergency contact information for appropriate personnel and other emergency response
agencies.

M

The sponsor maintains a good working knowledge of flood response activities, but
documentation of system-specific emergency procedures and emergency contact personnel is
insufficient or out of date.

Location/Remarks/Recommendations

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®

General Items for All Flood Damage Reduction
Segments / Systems
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Levee Embankments
For use during Initial and Continuing Eligibility Inspections of levee segments / systems
Rated Item

Rating

Rating Guidelines

A

The levee has little or no unwanted vegetation (trees, bush, or undesirable weeds), except for
vegetation that is properly contained and/or situated on overbuilt sections, such that the
mandatory 3-foot root-free zone is preserved around the levee profile. The levee has been
recently mowed. The vegetation-free zone extends 15 feet from both the landside and
riverside toes of the levee to the centerline of the tree. If the levee access easement doesn't
extend to the described limits, then the vegetation-free zone must be maintained to the
easement limits. Reference EM 1110-2-301 or Corps policy for regional vegetation variance.

M

Minimal vegetation growth (brush, weeds, or trees 2 inches in diameter or smaller) is present
within the zones described above. This vegetation must be removed but does not currently
threaten the operation or integrity of the levee.

U

Significant vegetation growth (brush, weeds, or any trees greater than 2 inches in diameter) is
present within the zones described above and must to be removed to reestablish or ascertain
levee integrity.

A

There is good coverage of sod over the levee.

M

Approximately 25% of the sod cover is missing or damaged over a significant portion or over
significant portions of the levee embankment. This may be the result of over-grazing or
feeding on the levee, unauthorized vehicular traffic, chemical or insect problems, or burning
during inappropriate seasons.

U

Over 50% of the sod cover is missing or damaged over a significant portion or portions of the
levee embankment.

1. Unwanted
Vegetation
Growth1

2. Sod Cover

Location/Remarks/Recommendations

N/A Surface protection is provided by other means.
3. Encroachments

4. Closure Structures
(Stop Log,
Earthen Closures,
Gates, or Sandbag

A

No trash, debris, unauthorized farming activity, structures, excavations, or other obstructions
present within the easement area. Encroachments have been previously reviewed by the
Corps, and it was determined that they do not diminish proper functioning of the levee.

M

Trash, debris, unauthorized farming activity, structures, excavations, or other obstructions
present, or inappropriate activities noted that should be corrected but will not inhibit
operations and maintenance or emergency operations. Encroachments have not been
reviewed by the Corps.

U

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of the levee.

A

Closure structure in good repair. Placing equipment, stoplogs, and other materials are readily
available at all times. Components are clearly marked and installation instructions/
procedures readily available. Trial erections have been accomplished in accordance with the
O&M Manual.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
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Levee Embankments
For use during Initial and Continuing Eligibility Inspections of levee segments / systems
Rated Item

Rating

Rating Guidelines

Closures)
(A or U only)
U

N/A
5. Slope Stability

6. Erosion/ Bank
Caving

7. Settlement2

8. Depressions/
Rutting

9. Cracking

Location/Remarks/Recommendations

Any of the following issues is cause for this rating: Closure structure in poor condition. Parts
missing or corroded. Placing equipment may not be available within the anticipated warning
time. The storage vaults cannot be opened during the time of inspection. Components of
closure are not clearly marked and installation instructions/ procedures are not readily
available. Trial erections have not been accomplished in accordance with the O&M Manual.
There are no closure structures along this component of the FDR segment / system.

A

No slides, sloughs, tension cracking, slope depressions, or bulges are present.

M

Minor slope stability problems that do not pose an immediate threat to the levee embankment.

U

Major slope stability problems (ex. deep seated sliding) identified that must be repaired to
reestablish the integrity of the levee embankment.

A

No erosion or bank caving is observed on the landward or riverward sides of the levee that
might endanger its stability.

M

There are areas where minor erosion is occurring or has occurred on or near the levee
embankment, but levee integrity is not threatened.

U

Erosion or caving is occurring or has occurred that threatens the stability and integrity of the
levee. The erosion or caving has progressed into the levee section or into the extended
footprint of the levee foundation and has compromised the levee foundation stability.

A

No observed depressions in crown. Records exist and indicate no unexplained historical
changes.

M

Minor irregularities that do not threaten integrity of levee. Records are incomplete or
inclusive.

U

Obvious variations in elevation over significant reaches. No records exist or records indicate
that design elevation is compromised.

A

There are scattered, shallow ruts, pot holes, or other depressions on the levee that are
unrelated to levee settlement. The levee crown, embankments, and access road crowns are
well established and drain properly without any ponded water.

M

There are some infrequent minor depressions less than 6 inches deep in the levee crown,
embankment, or access roads that will pond water.

U

There are depressions greater than 6 inches deep that will pond water.

A

Minor longitudinal, transverse, or desiccation cracks with no vertical movement along the
crack. No cracks extend continuously through the levee crest.

M

Longitudinal and/or transverse cracks up to 6 inches in depth with no vertical movement along
the crack. No cracks extend continuously through the levee crest. Longitudinal cracks are no
longer than the height of the levee.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
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Levee Embankments
For use during Initial and Continuing Eligibility Inspections of levee segments / systems
Rated Item

10. Animal Control

11. Culverts/
Discharge Pipes3
(This item
includes both
concrete and
corrugated metal
pipes.)

Rating

Rating Guidelines
U

Cracks exceed 6 inches in depth. Longitudinal cracks are longer than the height of the levee
and/or exhibit vertical movement along the crack. Transverse cracks extend through the entire
levee width.

A

Continuous animal burrow control program in place that includes the elimination of active
burrowing and the filling in of existing burrows.

M

The existing animal burrow control program needs to be improved. Several burrows are
present which may lead to seepage or slope stability problems, and they require immediate
attention.

U

Animal burrow control program is not effective or is nonexistent. Significant maintenance is
required to fill existing burrows, and the levee will not provide reliable flood protection until
this maintenance is complete.

A

There are no breaks, holes, cracks in the discharge pipes/ culverts that would result in
significant water leakage. The pipe shape is still essentially circular. All joints appear to be
closed and the soil tight. Corrugated metal pipes, if present, are in good condition with 100%
of the original coating still in place (either asphalt or galvanizing) or have been relined with
appropriate material, which is still in good condition. Condition of pipes has been verified
using television camera video taping or visual inspection methods within the past five years,
and the report for every pipe is available for review by the inspector.

M

There are a small number of corrosion pinholes or cracks that could leak water and need to be
repaired, but the entire length of pipe is still structurally sound and is not in danger of
collapsing. Pipe shape may be ovalized in some locations but does not appear to be
approaching a curvature reversal. A limited number of joints may have opened and soil loss
may be beginning. Any open joints should be repaired prior to the next inspection.
Corrugated metal pipes, if present, may be showing corrosion and pinholes but there are no
areas with total section loss. Condition of pipes has been verified using television camera
video taping or visual inspection methods within the past five years, and the report for every
pipe is available for review by the inspector.

U

Culvert has deterioration and/or has significant leakage; it is in danger of collapsing or as
already begun to collapse. Corrugated metal pipes have suffered 100% section loss in the
invert. HOWEVER: Even if pipes appear to be in good condition, as judged by an external
visual inspection, an Unacceptable Rating will be assigned if the condition of pipes has not
been verified using television camera video taping or visual inspection methods within the
past five years, and reports for all pipes are not available for review by the inspector.

Location/Remarks/Recommendations

N/A There are no discharge pipes/ culverts.
12. Riprap
Revetments &

A

No riprap displacement or stone degradation that could pose an immediate threat to the
integrity of channel bank. Riprap intact with no woody vegetation present.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Levee Embankments
For use during Initial and Continuing Eligibility Inspections of levee segments / systems
Rated Item

Rating

Rating Guidelines

Bank Protection
M

Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.

U

Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.

N/A
13. Revetments other
than Riprap

14. Underseepage
Relief Wells/ Toe
Drainage Systems

15. Seepage

There is no riprap protecting this feature of the segment / system, or riprap is discussed in
another section.

A

Existing revetment protection is properly maintained, undamaged, and clearly visible.

M

Minor revetment displacement or deterioration that does not pose an immediate threat to the
integrity of the levee. Unwanted vegetation must be cleared or sprayed with an appropriate
herbicide.

U

Significant revetment displacement, deterioration, or exposure of bedding observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Revetment protection is hidden by dense brush and trees.

N/A

Location/Remarks/Recommendations

There are no such revetments protecting this feature of the segment / system.

A

Toe drainage systems and pressure relief wells necessary for maintaining FDR segment /
system stability during high water functioned properly during the last flood event and no
sediment is observed in horizontal system (if applicable). Nothing is observed which would
indicate that the drainage systems won't function properly during the next flood, and
maintenance records indicate regular cleaning. Wells have been pumped tested within the
past 5 years and documentation is provided.

M

Toe drainage systems or pressure relief wells are damaged and may become clogged if they
are not repaired. Maintenance records are incomplete or indicate irregular cleaning and pump
testing.

U

Toe drainage systems or pressure relief wells necessary for maintaining FDR segment /
system stability during flood events have fallen into disrepair or have become clogged. No
maintenance records. No documentation of the required pump testing.

N/A

There are no relief wells/ toe drainage systems along this component of the FDR segment /
system.

A

No evidence or history of unrepaired seepage, saturated areas, or boils.

M

Evidence or history of minor unrepaired seepage or small saturated areas at or beyond the
landside toe but not on the landward slope of levee. No evidence of soil transport.

U

Evidence or history of active seepage, extensive saturated areas, or boils.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Inspection Report
US Army Corps
of Engineers®

Levee Embankments
Page 4 of 5

Levee Embankments
For use during Initial and Continuing Eligibility Inspections of levee segments / systems
1

If there is significant growth on the levee that inhibits the inspection of animal burrows or other items, the inspection should be ended until this item is corrected.
Detailed survey elevations are normally required during Periodic Inspections, and whenever there are obvious visual settlements.
3
The decision on whether or not USACE inspectors should enter a pipe to perform a detailed inspection must be made at the USACE District level. This decision should be made
in conjunction with the District Safety Office, as pipes may be considered confined spaces. This decision should consider the age of the pipe, the diameter of the pipe, the apparent
condition of the pipe, and the length of the pipe. If a pipe is entered for the purposes of inspection, the inspector should record observations with a video camera in order that the
condition of the entire pipe, including all joints, can later be assessed. Additionally, the video record provides a baseline to which future inspections can be compared.
2

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls
Rated Item

Rating

Rating Guidelines

A

A grass-only or paved zone is maintained on both sides of the floodwall, free of all trees,
brush, and undesirable weeds. The vegetation-free zone extends 15 feet from both the land
and riverside of the floodwall, at ground-level, to the centerline of the tree. Additionally, an 8foot root-free zone is maintained around the entire structure, including the floodwall toe, heel,
and any toe-drains. If the floodwall access easement doesn't extend to the described limits,
then the vegetation-free zone must be maintained to the easement limits. Reference EM 11102-301 and/or Corps policy for regional vegetation variance.

M

Minimal vegetation growth (brush, weeds, or trees 2 inches in diameter or smaller) is present
within the zones described above. This vegetation must be removed but does not currently
threaten the operation or integrity of the floodwall.

U

Significant vegetation growth (brush, weeds, or any trees greater than 2 inches in diameter) is
present within the zones described above. This vegetation threatens the operation or integrity
of the floodwall and must be removed.

A

No trash, debris, unauthorized structures, excavations, or other obstructions present within the
easement area. Encroachments have been previously reviewed by the Corps, and it was
determined that they do not diminish proper functioning of the floodwall.

M

Trash, debris, unauthorized structures, excavations, or other obstructions present, or
inappropriate activities noted that should be corrected but will not inhibit operations and
maintenance or emergency operations. Encroachments have not been reviewed by the Corps.

U

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of the floodwall.

A

Closure structure in good repair. Placing equipment, stoplogs, and other materials are readily
available at all times. Components are clearly marked and installation instructions/
procedures readily available. Trial erections have been accomplished in accordance with the
O&M Manual.

U

Any of the following issues is cause for this rating: Closure structure in poor condition. Parts
missing or corroded. Placing equipment may not be available within the anticipated warning
time. The storage vaults cannot be opened during the time of inspection. Components of
closure are not clearly marked and installation instructions/ procedures are not readily
available. Trial erections have not been accomplished in accordance with the O&M Manual.

1. Unwanted
Vegetation
Growth1

2. Encroachments

3. Closure Structures
(Stop Log
Closures and
Gates)
(A or U only)

Location/Remarks/Recommendations

N/A There are no closure structures along this component of the FDR segment / system.
4. Concrete Surfaces
A

M

Negligible spalling, scaling or cracking. If the concrete surface is weathered or holds
moisture, it is still satisfactory but should be seal coated to prevent freeze/ thaw damage.
Spalling, scaling, and open cracking present, but the immediate integrity or performance of
the structure is not threatened. Reinforcing steel may be exposed. Repairs/ sealing is
necessary to prevent additional damage during periods of thawing and freezing.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls
Rated Item

5. Tilting, Sliding or
Settlement of
Concrete
Structures2

6. Foundation of
Concrete
Structures1

Rating

Rating Guidelines
U

Surface deterioration or deep cracks present that may result in an unreliable structure. Any
surface deterioration that exposes the sheet piling or lies adjacent to monolith joints may
indicate underlying reinforcement corrosion and is unacceptable.

A

There are no significant areas of tilting, sliding, or settlement that would endanger the
integrity of the structure.

M

There are areas of tilting, sliding, or settlement (either active or inactive) that need to be
repaired. The maximum offset, either laterally or vertically, does not exceed 2 inches unless
the movement can be shown to be no longer actively occurring. The integrity of the structure
is not in danger.

U

There are areas of tilting, sliding, or settlement (either active or inactive) that threaten the
structure's integrity and performance. Any movement that has resulted in failure of the
waterstop (possibly identified by daylight visible through the joint) is unacceptable.
Differential movement of greater than 2 inches between any two adjacent monoliths, either
laterally or vertically, is unacceptable unless it can be shown that the movement is no longer
active. Also, if the floodwall is of I-wall construction, then any visible or measurable tilting
of the wall toward the protected side that has created an open horizontal crack on the riverside
base of a monolith is unacceptable.

A

No active erosion, scouring, or bank caving that might endanger the structure's stability.

M

There are areas where the ground is eroding towards the base of the structure. Efforts need to
be taken to slow and repair this erosion, but it is not judged to be close enough to the structure
or to be progressing rapidly enough to affect structural stability before the next inspection.
For the purposes of inspection, the erosion or scour is not closer to the riverside face of the
wall than twice the floodwall's underground base width if the wall is of L-wall or T-wall
construction; or if the wall is of sheetpile or I-wall construction, the erosion is not closer than
twice the wall's visible height. Additionally, rate of erosion is such that the wall is expected to
remain stabile until the next inspection.

U

Erosion or bank caving observed that is closer to the wall than the limits described above, or is
outside these limits but may lead to structural instabilities before the next inspection.
Additionally, if the floodwall is of I-wall or sheetpile construction, the foundation is
unacceptable if any turf, soil or pavement material got washed away from the landside of the
I-wall as the result of a previous overtopping event.

7. Monolith Joints
A

M

Location/Remarks/Recommendations

The joint material is in good condition. The exterior joint sealant is intact and cracking/
desiccation is minimal. Joint filler material and/or waterstop is not visible at any point.
The joint material has appreciable deterioration to the point where joint filler material and/or
waterstop is visible in some locations. This needs to be repaired or replaced to prevent
spalling and cracking during freeze/ thaw cycles, and to ensure water tightness of the joint.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Floodwalls
For use during Initial and Continuing Eligibility Inspections of all floodwalls
Rated Item

Rating

Rating Guidelines

U

Location/Remarks/Recommendations

The joint material is severely deteriorated or the concrete adjacent to the monolith joints has
spalled and cracked, damaging the waterstop; in either case damage has occurred to the point
where it is apparent that the joint is no longer watertight and will not provide the intended
level of protection during a flood.

N/A There are no monolith joints in the floodwall.
8. Underseepage
Relief Wells/ Toe
Drainage Systems

9. Seepage

A

Toe drainage systems and pressure relief wells necessary for maintaining FDR segment /
system stability during high water functioned properly during the last flood event and no
sediment is observed in horizontal system (if applicable). Nothing is observed which would
indicate that the drainage systems won't function properly during the next flood, and
maintenance records indicate regular cleaning. Wells have been pumped tested within the
past 5 years and documentation is provided.

M

Toe drainage systems or pressure relief wells are damaged and may become clogged if they
are not repaired. Maintenance records are incomplete or indicate irregular cleaning and pump
testing.

U

Toe drainage systems or pressure relief wells necessary for maintaining FDR segment /
system stability during flood events have fallen into disrepair or have become clogged. No
maintenance records. No documentation of the required pump testing.

N/A

There are no relief wells/ toe drainage systems along this component of the FDR segment /
system.

A
M
U

1
2

No evidence or history of unrepaired seepage, saturated areas, or boils.
Evidence or history of minor unrepaired seepage or small saturated areas at or beyond the
landside toe but not on the landward slope of levee. No evidence of soil transport.
Evidence or history of active seepage, extensive saturated areas, or boils.

Inspectors must have as-built drawings available during the inspection so that the lateral distance to the heel and toe of the floodwalls can be determined in the field.
The sponsor should be monitoring any observed movement to verify whether the movement is active or inactive.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems
Rated Item
1. Vegetation and
Obstructions

Rating

Rating Guidelines
A

No obstructions, vegetation, debris, or sediment accumulation noted within interior drainage
channels or blocking the culverts, inlets, or discharge areas. Concrete joints and weep holes
are free of grass and weeds.

M

Obstructions, vegetation, debris, or sediment are minor and have not impaired channel flow
capacity or blocked more than 10% of any culvert openings, but should be removed. A
limited volume of grass and weeds may be present in concrete channel joints and weep holes.

U

Obstructions, vegetation, debris, or sediment have impaired the channel flow capacity or
blocked more than 10% of a culvert opening. Sediment and debris removal required to reestablish flow capacity.

A

No trash, debris, unauthorized structures, excavations, or other obstructions present within the
easement area. Encroachments have been previously reviewed by the Corps, and it was
determined that they do not diminish proper functioning of the interior drainage system.

M

Trash, debris, unauthorized structures, excavations, or other obstructions present, or
inappropriate activities noted that should be corrected but will not inhibit operations and
maintenance or emergency operations. Encroachments have not been reviewed by the Corps.

U

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of this component
of the interior drainage system.

A

No trash, debris, structures, or other obstructions present within the ponding areas. Sediment
deposits do not exceed 10% of capacity.

M

Trash, debris, excavations, structures, or other obstructions present, or inappropriate activities
that will not inhibit operations and maintenance. Sediment deposits do not exceed 30% of
capacity.

U

Trash, debris, excavations, structures, or other obstructions, or other encroachments or
activities noted that will inhibit operations, maintenance, or emergency work. Sediment
deposits exceeds 30% of capacity.

2. Encroachments

3. Ponding Areas

Location/Remarks/Recommendations

N/A There are no ponding areas associated with the interior drainage system.
4. Fencing and
Gates1

A

Fencing is in good condition and provides protection against falling or unauthorized access.
Gates open and close freely, locks are in place, and there is little corrosion on metal parts.

M

Fencing or gates are damaged or corroded but appear to be maintainable. Locks may be
missing or damaged.

U

Fencing and gates are damaged or corroded to the point that replacement is required, or
potentially dangerous features are not secured.

N/A There are no features noted that require safety fencing.
5. Concrete Surfaces
(Such as gate

A

Negligible spalling, scaling or cracking. If the concrete surface is weathered or holds
moisture, it is still satisfactory but should be seal coated to prevent freeze/ thaw damage.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems
Rated Item
wells, outfalls,
intakes, or
culverts)

Rating

Rating Guidelines
M

Spalling, scaling, and open cracking present, but the immediate integrity or performance of
the structure is not threatened. Reinforcing steel may be exposed. Repairs/ sealing is
necessary to prevent additional damage during periods of thawing and freezing.

U

Surface deterioration or deep cracks present that may result in an unreliable structure. Any
surface deterioration that exposes the sheet piling or lies adjacent to monolith joints may
indicate underlying reinforcement corrosion and is unacceptable.

Location/Remarks/Recommendations

N/A There are no concrete items in the interior drainage system.
6. Tilting, Sliding or
Settlement of
Concrete and
Sheet Pile
Structures2
(Such as gate
wells, outfalls,
intakes, or
culverts)

A

There are no significant areas of tilting, sliding, or settlement that would endanger the
integrity of the structure.

M

There are areas of tilting, sliding, or settlement (either active or inactive) that need to be
repaired. The maximum offset, either laterally or vertically, does not exceed 2 inches unless
the movement can be shown to be no longer actively occurring. The integrity of the structure
is not in danger.

U

There are areas of tilting, sliding, or settlement (either active or inactive) that threaten the
structure's integrity and performance. Any movement that has resulted in failure of the
waterstop (possibly identified by daylight visible through the joint) is unacceptable.
Differential movement of greater than 2 inches between any two adjacent monoliths, either
laterally or vertically, is unacceptable unless it can be shown that the movement is no longer
active. Also, if the floodwall is of I-wall construction, then any visible or measurable tilting
of the wall toward the protected side that has created an open horizontal crack on the riverside
base of a monolith is unacceptable.

N/A There are no concrete items in the interior drainage system.
7. Foundation of
Concrete
Structures3
(Such as culverts,
inlet and
discharge
structures, or
gatewells.)

A

No active erosion, scouring, or bank caving that might endanger the structure's stability.

M

There are areas where the ground is eroding towards the base of the structure. Efforts need to
be taken to slow and repair this erosion, but it is not judged to be close enough to the structure
or to be progressing rapidly enough to affect structural stability before the next inspection.
The rate of erosion is such that the structure is expected to remain stabile until the next
inspection.

U

Erosion or bank caving observed that may lead to structural instabilities before the next
inspection.

N/A There are no concrete items in the interior drainage system.
8. Monolith Joints

A

The joint material is in good condition. The exterior joint sealant is intact and cracking/
desiccation is minimal. Joint filler material and/or waterstop is not visible at any point.

M

The joint material has appreciable deterioration to the point where joint filler material and/or
waterstop is visible in some locations. This needs to be repaired or replaced to prevent
spalling and cracking during freeze/ thaw cycles, and to ensure water tightness of the joint.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems
Rated Item

Rating

Rating Guidelines

U

Location/Remarks/Recommendations

The joint material is severely deteriorated or the concrete adjacent to the monolith joints has
spalled and cracked, damaging the waterstop; in either case damage has occurred to the point
where it is apparent that the joint is no longer watertight and will not provide the intended
level of protection during a flood.

N/A There are no monolith joints in the interior drainage system.

A

There are no breaks, holes, cracks in the discharge pipes/ culverts that would result in
significant water leakage. The pipe shape is still essentially circular. All joints appear to be
closed and the soil tight. Corrugated metal pipes, if present, are in good condition with 100%
of the original coating still in place (either asphalt or galvanizing) or have been relined with
appropriate material, which is still in good condition. Condition of pipes has been verified
using television camera video taping or visual inspection methods within the past five years,
and the report for every pipe is available for review by the inspector.

M

There are a small number of corrosion pinholes or cracks that could leak water and need to be
repaired, but the entire length of pipe is still structurally sound and is not in danger of
collapsing. Pipe shape may be ovalized in some locations but does not appear to be
approaching a curvature reversal. A limited number of joints may have opened and soil loss
may be beginning. Any open joints should be repaired prior to the next inspection.
Corrugated metal pipes, if present, may be showing corrosion and pinholes but there are no
areas with total section loss. Condition of pipes has been verified using television camera
video taping or visual inspection methods within the past five years, and the report for every
pipe is available for review by the inspector.

U

Culvert has deterioration and/or has significant leakage; it is in danger of collapsing or as
already begun to collapse. Corrugated metal pipes have suffered 100% section loss in the
invert. HOWEVER: Even if pipes appear to be in good condition, as judged by an external
visual inspection, an Unacceptable Rating will be assigned if the condition of pipes has not
been verified using television camera video taping or visual inspection methods within the
past five years, and reports for all pipes are not available for review by the inspector.

9. Culverts/
Discharge Pipes4

N/A There are no discharge pipes/ culverts.
10. Sluice / Slide
Gates5

A

Gates open and close freely to a tight seal or minor leakage. Gate operators are in good
working condition and are properly maintained. Sill is free of sediment and other
obstructions. Gates and lifters have been maintained and are free of corrosion.
Documentation provided during the inspection.

M

Gates and/or operators have been damaged or have minor corrosion, and open and close with
resistance or binding. Leakage quantity is controllable, but maintenance is required. Sill is
free of sediment and other obstructions.

U

Gates do not open or close and/or operators do not function. Gate, stem, lifter and/or guides
may be damaged or have major corrosion.

N/A There are no sluice/ slide gates.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems
Rated Item
11. Flap Gates/
Flap Valves/
Pinch Valves1

Rating

Rating Guidelines
A

Gates/ valves open and close easily with minimal leakage, have no corrosion damage, and
have been exercised and lubricated as required.

M

Gates/ valves will not fully open or close because of obstructions that can be easily removed,
or have minor corrosion damage that requires maintenance.

U

Gates/ valves are missing, have been damaged, or have deteriorated to the point that they need
to be replaced.

N/A
12. Trash Racks
(non-mechanical)

13. Other Metallic
Items

Trash racks are fastened in place and properly maintained.

M

Trash racks are in place but are unfastened or have bent bars that allow debris to enter into the
pipe or pump station, bars are corroded to the point that up to 10% of the sectional area may
be lost. Repair or replacement is required.

U

Trash racks are missing or damaged to the extent that they are no longer functional and must
be replaced. (For example, more than 10% of the sectional area may be lost.)

All metal parts are protected from corrosion damage and show no rust, damage, or
deterioration that would cause a safety concern.

M

Corrosion seen on metallic parts appears to be maintainable.

U

Metallic parts are severely corroded and require replacement to prevent failure, equipment
damage, or safety issues.
There are no other significant metallic items.

A

No riprap displacement or stone degradation that could pose an immediate threat to the
integrity of channel bank. Riprap intact with no woody vegetation present.

M

Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.

U

Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.

N/A
15. Revetments other
than Riprap

There are no trash racks, or they are covered in the pump stations section of the report.

A

N/A
14. Riprap
Revetments of
Inlet/ Discharge
Areas

There are no flap gates.

A

N/A

A

Location/Remarks/Recommendations

There is no riprap protecting this feature of the segment / system, or riprap is discussed in
another section.
No riprap displacement or stone degradation that could pose an immediate threat to the
integrity of channel bank. Riprap intact with no woody vegetation present.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Interior Drainage System
For use during Initial and Continuing Eligibility Inspections of interior drainage systems
Rated Item

Rating

Rating Guidelines
M

Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.

U

Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.

Location/Remarks/Recommendations

N/A There are no such revetments protecting this feature of the segment / system.
1

Proper operation of this item must be demonstrated during the inspection.
The sponsor should be monitoring any observed movement to verify whether the movement is active or inactive.
3
Inspectors must have as-built drawings available during the inspection so that the lateral distance to the heel and toe of the floodwalls can be determined in the field.
4
The decision on whether or not USACE inspectors should enter a pipe to perform a detailed inspection must be made at the USACE District level. This decision should be made
in conjunction with the District Safety Office, as pipes may be considered confined spaces. This decision should consider the age of the pipe, the diameter of the pipe, the apparent
condition of the pipe, and the length of the pipe. If a pipe is entered for the purposes of inspection, the inspector should record observations with a video camera in order that the
condition of the entire pipe, including all joints, can later be assessed. Additionally, the video record provides a baseline to which future inspections can be compared.
5
Proper operation of the gates (full open and closed) must be demonstrated during the inspection if no documentation is available. Be aware of both manual and electrical
operators.
2

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Pump Stations
For use during Initial and Continuing Eligibility Inspections of pump stations
Rated Item
1. Pump Stations
Operating,
Maintenance,
Training, &
Inspection
Records

2. Pump Station
Operations and
Maintenance
Equipment
Manuals

3. Safety
Compliance

4. Communications
(A or M only)

5. Plant Building

6. Fencing and
Gates1

Rating

Rating Guidelines
A

Operation, maintenance and inspection records are present at the pump station and are being
used and updated, and personnel have been trained in pump station operations. Names and last
training date shown in the record book.

M

Operation, maintenance and inspection records are present but not adequately used and
updated.

U

No operation, maintenance and inspection records are present, or refresher training for
personnel has not been conducted.

A

Operation and Maintenance Equipment Manuals and/or posted operating instructions are
present and updated as required, and adequately cover all pertinent pump station features.
O&M manuals include points of contact for manufacturers and suppliers of major equipment
used in the facility.

M

Operation and Maintenance Equipment Manuals and/or posted operating instructions are
present and adequately cover all pertinent pump station features. However, they are
incomplete and the necessary updates have not been made.

U

Operation and Maintenance Equipment Manuals are not available.

A

Safety compliance inspection reports by applicable local, state, or federal agencies available
for review.

M

No safety compliance inspection reports are available for review.

A

A telephone, cellular phone, two-way radio, or similar device is available to pump station
operator and maintenance personnel.

M

A telephone, cellular phone, two-way radio, or similar device is not available to pump station
operator and maintenance personnel.

A

The building is in good structural condition with no major foundation settlement problems.
The roof is not leaking, intake & exhaust louvers are clear of debris, fans are operational, etc.

M

There are minor structural defects, minimal foundation settlement, leaks, or other conditions
noted that need repair. Defects do not threaten the structural integrity or stability of the
building, and will not impact pumping operations.

U

The structural integrity or stability of the building is threatened, or there is damage to the
building that threatens safety of the operator or impacts pumping operations.

A

Fencing is in good condition and provides protection against falling or unauthorized access.
Gates open and close freely, locks are in place, and there is little corrosion on metal parts.

M

Fencing or gates are damaged or corroded but appear to be maintainable. Locks may be
missing or damaged.

U

Fencing and gates are damaged or corroded to the point that replacement is required, or
potentially dangerous features are not secured.

Location/Remarks/Recommendations

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Pump Stations
For use during Initial and Continuing Eligibility Inspections of pump stations
Rated Item

Rating

Rating Guidelines

Location/Remarks/Recommendations

N/A There are no features noted that require safety fencing.
1

7. Pumps

8. Motors, Engines,
Fans, Gear
Reducers, Back
Stop Devices, etc.

9. Sumps / Wet well

10. Mechanical
Operating Trash
Rakes1

A

All pumps are properly maintained and lubricated. Systems are periodically tested and
documented for review. No vibration, cavitation noises or unusual sounds are noted when the
pump is operated. Bearing temperature sensor records don't indicate any problems.

M

Minor deficiencies noted that need to be closely monitored or repaired, such as the presence of
slight vibrations, leakage of packing gland, bearing temperature sensors are inoperable or no
record is present. However, the pumps are operational and are expected to perform through
the next period of usage.

U

Major deficiencies identified that may significantly reduce pumping operations. For example,
bearing sensor records indicate problems, excessive vibration noted, impellers are badly
corroded, or there are eroded or missing blades.

A

All items are operational. Preventative maintenance and lubrication is being performed and
the system is periodically subjected to performance testing. Instrumentation, alarms, bearing
sensors and auto shutdowns are operational.

M

Systems have minor deficiencies, but are operational and will function adequately through the
next flood. Bearing sensors are not operational.

U

One or more of the primary motors or systems is not operational, or noted deficiencies have
not been corrected.

A

Clear of debris, sediment, or other obstructions. Procedures are in place to remove debris
accumulation during operation.

M

Debris, sediment, or other obstructions may be present and must be removed, but the sump/
wet well will function as intended during the next flood. Procedures are in place to remove
debris accumulation during operation.

U

Large debris or excessive silt present which will hinder or damage pumps during operation, or
no procedures established to remove debris accumulation during operation.

A

Drive chain, bearing, gear reducers, and other components are in good operating condition and
are being properly maintained.

M

The trash rake is in need of maintenance, but is still operational.

U

Trash rake not operational or deficiencies will inhibit operations during the next flood event.

N/A There are no mechanical trash rakes.
11. Non-Mechanical
Trash Racks

A

Trash racks are fastened in place and properly maintained.

M

Trash racks are in place but are unfastened or have bent bars that allow debris to enter into the
pipe or pump station, bars are corroded to the point that up to 10% of the sectional area may
be lost. Repair or replacement is required.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®

Pump Stations
Page 2 of 5

Pump Stations
For use during Initial and Continuing Eligibility Inspections of pump stations
Rated Item

Rating

Rating Guidelines
U
N/A

12. Fuel System for
Pump Engines

15. Megger Testing
on Pump Motors
and Critical Power
Cables

There are no trash racks, or they are covered in the pump stations section of the report.
Fuel system is operational, day tank present and operational, fuel fresh and rotated regularly.

M

Fuel system is operational and of adequate capacity, but day tank is missing or fuel is not fresh
and rotated regularly.

U

Fuel system not functional.

13. Power Source

14. Electrical
Systems2

Trash racks are missing or damaged to the extent that they are no longer functional and must
be replaced. (For example, more than 10% of the sectional area may be lost.)

A

N/A

Location/Remarks/Recommendations

No fuel system.

A

The normal power source and backup generators, if installed, are operational, properly
exercised and well maintained. Surge protection, grounding, lightning protection,
transformers, and automatic/manual transfer of main power to backup system is working.

M

Normal power source and backup units, if applicable, are operational with minor discrepancies
or maintenance, inspection and exercising record is present but not up to date. Preventative
maintenance or repairs are required.

U

Normal power source or generators are not operational and must be repaired; or generator, if
required, is not on site.

A

Operational and maintained free of damage, corrosion, and debris. Preventative maintenance
and system testing is being performed periodically.

M

Operational with minor discrepancies. Preventative maintenance or repairs are required, but
the components are expected to function adequately during the next flood event.

U

Components of the electrical system will not function adequately during the next flood event
and must be replaced.

A

Results of megger tests on pump motors or critical power cables show that the insulation
meets manufacturer's or industry standards. Tested within the last year.

M

Megger testing not conducted within the past year. If megger tests on pump motors indicate
that insulation resistance is below the manufacturer's or industry standard, but the resistance
can be corrected with proper application of heat, this is minimally acceptable. (The
application of heat does not relate to critical power cables.)

U

Megger tests not conducted within past two years, or tests indicate that insulation resistance is
low enough that the equipment will not be able to meet design standards of operation; or
evidence of arcing or shorting is detected visually.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
Flood Damage Reduction Segment / System
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Pump Stations
For use during Initial and Continuing Eligibility Inspections of pump stations
Rated Item
16. Enclosures,
Panels, Conduit
and Ducts

17. Intake and
Discharge
Pipelines

18. Sluice/ Slide
Gates3

Rating

Rating Guidelines
A

All enclosures, panels, conduits, and ducts are protected from corrosion damage and show no
rust, damage, or deterioration that would cause a safety concern.

M

Minor surface corrosion which appears to be maintainable. Cleaning and painting required.

U

Severely corroded and must be replaced to prevent failure, equipment damage, or safety
issues.

A

Intake and discharge pipelines have no corrosion and paint is intact, except for minor touch up
required. Pipe couplings and anchors have no leakage or corrosion.

M

Intake and discharge pipelines have minor corrosion and repair and painting is required. Pipe
coupling with anchors have minor leakage, corrosion and require bolts to be tightened.

U

Intake and discharge pipelines have major corrosion and replacement is required. Pipe
coupling with anchors have major leakage and is heavily corroded and requires replacement.

A

Gates open and close freely to a tight seal or minor leakage. Gate operators are in good
working condition and are properly maintained. Sill is free of sediment and other
obstructions. Gates and lifters have been maintained and are free of corrosion.
Documentation provided during the inspection.

M

Gates and/or operators have been damaged or have minor corrosion, and open and close with
resistance or binding. Leakage quantity is controllable, but maintenance is required. Sill is
free of sediment and other obstructions.

U

Gates do not open or close and/or operators do not function. Gate, stem, lifter and/or guides
may be damaged or have major corrosion.

Location/Remarks/Recommendations

N/A There are no sluice/ slide gates.
19. Flap Gates/
Flap Valves/
Pinch Valves1

A

Gates/ valves open and close easily with minimal leakage, have no corrosion damage, and
have been exercised and lubricated as required.

M

Gates/ valves will not fully open or close because of obstructions that can be easily removed,
or have minor corrosion damage that requires maintenance.

U

Gates/ valves are missing, have been damaged, or have deteriorated to the point that they need
to be replaced.

N/A There are no gates on discharge lines from pump station.
1

20. Cranes

A

Cranes operational and have been inspected and load tested in accordance with applicable
standards within the last year. Documentation is on hand.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Pump Stations
For use during Initial and Continuing Eligibility Inspections of pump stations
Rated Item

Rating

Rating Guidelines
M

Cranes have not been inspected or operationally tested within the past year, or there are visible
signs of corrosion, oil leakage, etc, requiring maintenance.

U

Cranes are not operational, and this may prevent the pump station from functioning as
required. No documentation available on cranes.

Location/Remarks/Recommendations

N/A There are no cranes.
21. Other Metallic
Items
(Equipment,
Ladders, Platform
Anchors, etc)

A

All metal parts are protected from corrosion damage and show no rust, damage, or
deterioration that would cause a safety concern.

M

Corrosion seen on metallic parts appears to be maintainable.

U

Metallic parts are severely corroded and require replacement to prevent failure, equipment
damage, or safety issues.

N/A There are no other significant metallic items.
1

Proper operation of this item must be demonstrated during the inspection.
Check motor control center, circuit breakers, pilot lights, volt meters, ammeters, sump level indicator, gate position indicators, remote operating systems, including SCADA and
telemetry systems. Also, check interior and exterior lighting; especially lighting near trash rack screens, ladders, walkways, etc.
3
Proper operation of the gates (full open and closed) must be demonstrated during the inspection if no documentation is available. Be aware of both manual and electrical
operators.
2

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Flood Damage Reduction Channels
For use during Initial and Continuing Eligibility Inspections of flood damage reduction channels
Rated Item
1. Vegetation and
Obstructions

2. Shoaling1
(sediment
deposition)

Rating

Rating Guidelines
A

No obstructions, vegetation, debris, or sediment accumulation within the channel. Concrete
channel joints and weep holes are free of grass and weeds.

M

Obstructions (including log jams), vegetation, debris, or sediment are minor and have not
impaired channel flow capacity, but should be removed. Sediment shoals have not developed
to the extent that they can support vegetation other than non-aquatic grasses. A limited
volume of grass and weeds may be present in concrete channel joints and weep holes.

U

Obstructions (including log jams), vegetation, debris or sediment have impaired the channel
flow capacity. Sediment shoals are well established and support woody and/or brushy
vegetation. Sediment and debris removal required to re-establish flow capacity.

A

No shoaling or minor, non-vegetated shoaling is present.

M

More widespread vegetated and non-vegetated shoaling is present. Non-aquatic grasses are
present on shoal. No trees or brush is present on shoal, and channel flow is not significantly
reduced. Sediment and debris removal recommended.

U

Shoaling is well established, stabilized by saplings, brush, or other vegetation. Shoals are
diverting flow to channel walls. Channel flow capacity is reduced and maintenance is
required.

A

No trash, debris, unauthorized structures, excavations, or other obstructions present within the
easement area. Encroachments have been previously reviewed by the Corps, and it was
determined that they do not diminish proper functioning of the channel.

M

Trash, debris, unauthorized structures, excavations, or other obstructions present, or
inappropriate activities noted that should be corrected but will not inhibit operations and
maintenance or emergency operations. Encroachments have not been reviewed by the Corps.

U

Unauthorized encroachments or inappropriate activities noted are likely to inhibit operations
and maintenance, emergency operations, or negatively impact the integrity of the channel.

A

No head cutting or horizontal deviation observed.

M

Head cutting and horizontal deviation evident, but is less than 1 foot from the designed grade
or cross section.

U

Head cutting and horizontal deviation of more than 1 foot from the designed grade or cross
section. Corrective actions required to stop or slow erosion.

A

Negligible spalling, scaling or cracking. If the concrete surface is weathered or holds
moisture, it is still satisfactory but should be seal coated to prevent freeze/ thaw damage.

M

Spalling, scaling, and open cracking present, but the immediate integrity or performance of
the structure is not threatened. Reinforcing steel may be exposed. Repairs/ sealing is
necessary to prevent additional damage during periods of thawing and freezing.

3. Encroachments

4. Erosion

5. Concrete Surfaces

Location/Remarks/Recommendations

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Flood Damage Reduction Channels
For use during Initial and Continuing Eligibility Inspections of flood damage reduction channels
Rated Item

Rating

Rating Guidelines
U

Location/Remarks/Recommendations

Surface deterioration or deep cracks present that may result in an unreliable structure. Any
surface deterioration that exposes the sheet piling or lies adjacent to monolith joints may
indicate underlying reinforcement corrosion and is unacceptable.

N/A There are no concrete items in the channel.
6. Tilting, Sliding or
Settlement of
Concrete
Structures2

A

There are no significant areas of tilting, sliding, or settlement that would endanger the
integrity of the structure.

M

There are areas of tilting, sliding, or settlement (either active or inactive) that need to be
repaired. The maximum offset, either laterally or vertically, does not exceed 2 inches unless
the movement can be shown to be no longer actively occurring. The integrity of the structure
is not in danger.

U

There are areas of tilting, sliding, or settlement (either active or inactive) that threaten the
structure's integrity and performance. Any movement that has resulted in failure of the
waterstop (possibly identified by daylight visible through the joint) is unacceptable.
Differential movement of greater than 2 inches between any two adjacent monoliths, either
laterally or vertically, is unacceptable unless it can be shown that the movement is no longer
active. Also, if the floodwall is of I-wall construction, then any visible or measurable tilting
of the wall toward the protected side that has created an open horizontal crack on the riverside
base of a monolith is unacceptable.

N/A There are no concrete items in the channel.
7. Foundation of
Concrete
Structures3

A

No active erosion, scouring, or bank caving that might endanger the structure's stability.

M

There are areas where the ground is eroding towards the base of the structure. Efforts need to
be taken to slow and repair this erosion, but it is not judged to be close enough to the structure
or to be progressing rapidly enough to affect structural stability before the next inspection.
For the purposes of inspection, the erosion or scour is not closer to the riverside face of the
wall than twice the floodwall's underground base width if the wall is of L-wall or T-wall
construction; or if the wall is of sheetpile or I-wall construction, the erosion is not closer than
twice the wall's visible height. Additionally, rate of erosion is such that the wall is expected to
remain stabile until the next inspection.

U

Erosion or bank caving observed that is closer to the wall than the limits described above, or is
outside these limits but may lead to structural instabilities before the next inspection.
Additionally, if the floodwall is of I-wall or sheetpile construction, the foundation is
unacceptable if any turf, soil or pavement material got washed away from the landside of the
I-wall as the result of a previous overtopping event.

N/A There are no concrete items in the channel.
8. Slab and Monolith
Joints

A

The joint material is in good condition. The exterior joint sealant is intact and cracking/
desiccation is minimal. Joint filler material and/or waterstop is not visible at any point.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Flood Damage Reduction Channels
For use during Initial and Continuing Eligibility Inspections of flood damage reduction channels
Rated Item

Rating

Rating Guidelines
M

The joint material has appreciable deterioration to the point where joint filler material and/or
waterstop is visible in some locations. This needs to be repaired or replaced to prevent
spalling and cracking during freeze/ thaw cycles, and to ensure water tightness of the joint.

U

The joint material is severely deteriorated or the concrete adjacent to the monolith joints has
spalled and cracked, damaging the waterstop; in either case damage has occurred to the point
where it is apparent that the joint is no longer watertight and will not provide the intended
level of protection during a flood.

Location/Remarks/Recommendations

N/A There are no concrete items in the channel.
9. Flap Gates/
Flap Valves/
Pinch Valves4

A

Gates/ valves open and close easily with minimal leakage, have no corrosion damage, and
have been exercised and lubricated as required.

M

Gates/ valves will not fully open or close because of obstructions that can be easily removed,
or have minor corrosion damage that requires maintenance.

U

Gates/ valves are missing, have been damaged, or have deteriorated to the point that they need
to be replaced.

N/A There are no flap gates.
10. Riprap
Revetments &
Banks

A

No riprap displacement or stone degradation that could pose an immediate threat to the
integrity of channel bank. Riprap intact with no woody vegetation present.

M

Minor riprap displacement or stone degradation that could pose an immediate threat to the
integrity of the channel bank. Unwanted vegetation must be cleared or sprayed with an
appropriate herbicide.

U

Significant riprap displacement, exposure of bedding, or stone degradation observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Rock protection is hidden by dense brush, trees, or grasses.

N/A
11. Revetments other
than Riprap

There is no riprap protecting this feature of the segment / system, or riprap is discussed in
another section.

A

Existing revetment protection is properly maintained, undamaged, and clearly visible.

M

Minor revetment displacement or deterioration that does not pose an immediate threat to the
integrity of the levee. Unwanted vegetation must be cleared or sprayed with an appropriate
herbicide.

U

Significant revetment displacement, deterioration, or exposure of bedding observed. Scour
activity is undercutting banks, eroding embankments, or impairing channel flows by causing
turbulence or shoaling. Revetment protection is hidden by dense brush and trees.

N/A There are no such revetments protecting this feature of the segment / system.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Flood Damage Reduction Channels
For use during Initial and Continuing Eligibility Inspections of flood damage reduction channels
1

If weather and flow conditions allow, inspectors should walk in the channel and probe shoal areas in order to estimate extent of blockage of the cross-sectional area where
shoaling is present.
2
The sponsor should be monitoring any observed movement to verify whether the movement is active or inactive.
3
Inspectors must have as-built drawings available during the inspection so that the lateral distance to the heel and toe of the floodwalls can be determined in the field.
4
Proper operation of this item must be demonstrated during the inspection.

Key: A = Acceptable. M = Minimally Acceptable; Maintenance is required. U = Unacceptable. N/A = Not Applicable. FDR = Flood Damage Reduction
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Flood Damage Reduction Segment / System
Supplemental Data Sheet
This form is intended for the Corps' internal use and may not need to be updated with every inspection.
Name of Segment / System:
Sponsor:
Location:
River Basin:
Project Description:
Authority that Project was Constructed Under:
Date of Construction:
Approximate Annual Maintenance Costs:
Construction:

Federally Constructed

Non-Federally Constructed

Maintenance:

Federally Maintained

Non-Federally Maintained

National Flood Insurance Program:
a.

Is the project currently NFIP?

b.

If in the NFIP, Date of Certification (per 44 CFR 65.10):

Yes

No

Datum Information:
a.

Datum used for the design and construction of this project is:

b.

Current recommended datum for this project is:

c.

Has the Project been converted to the current recommended datum?

Levee Embankment Data:

Yes

No
Protected Features (For use in preparing estimates and PIRs):

a.

Levee Designed Gage Function Reading/Station:

a.

b.

Level of Protection Provided:

b.

Total acres protected:
Total agriculture production acres protected:

c.

Average Height of Levee:

c.

Towns:

d.

Average Crown Width:

d.

Businesses:

e.

Average Side Slope:

e.

Residences:

f.

Roads:

g.

Utilities:

h.

Barns:

i.

Machine Sheds:

j.

Outbuildings:

k.

Irrigation Systems:

l.

Grain Bins:

m.

Other Facilities:

Flood Damage Reduction Segment / System
Inspection Report
US Army Corps
of Engineers®
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TIDEFLEX TF-1 AND TF-2
®

Division of Red Valve,Inc.

ALL-RUBBER CHECK VALVES

INSTALLATION, OPERATION, AND MAINTENANCE MANUAL
The revolutionary design of the all rubber Tideﬂex®
Check Valve provides reliable backﬂow protection.
This unique “duck bill” design eliminates costly
back-ﬂow from oceans, rivers or storm water and
is the ideal valve for efﬂuent diffuser systems.
Tideﬂex® Valves seal on entrapped solids and debris without jamming. Unlike traditional ﬂap gates
there are no hinged gates to hang open and no
warping or freezing. It’s virtually maintenance-free.
The Tideﬂex® Check Valve is available in a wide
variety of elastomers and is designed to meet your
exact ﬂow speciﬁcations.

TF-1

TF-2
IMPORTANT
Please take a moment to review this manual. Before performing any maintenance on the valve
be sure the pipeline has been de-pressurized. The improper installation or use of this product
may result in personal injury, product failure, or reduced product life. Tideﬂex® Technologies can
accept NO liability resulting from the improper use or installation of this product. If you have any
questions or problems, please call the customer service department at (412) 279-0044. We appreciate your comments. Thank you for choosing Tideﬂex® Technologies.
El Zagal Flood Management O&M Manual – Appendix G

Page G - 53

GENERAL DESCRIPTION

The Tideﬂex® Technologies' Tideﬂex® Check Valve is an
all-elastomer, one-piece check valve. Terms used in this
I.O.M. to refer to various parts of the valve are described
below.
1. Cuff The Cuff is designed with a full round bore and
slips over the end of the pipe.
2. Saddle The Saddle is the middle part of the valve,
tapering from the round cuff to the ﬂat bill. The Saddle
directs the ﬂow to the bill, and is ﬂexible to sustain
increased ﬂow conditions.
3. Bill The Bill is the discharge end of the valve. The Bill
ﬂexes to allow ﬂow to discharge, yet is stiff enough
to prevent the valve from opening without line pressure. Back pressure – pressure created on the exterior of the valve by reverse ﬂow or submersion – will
seal the lips of the bill tightly together, preventing
backﬂow into the valve.
4. Clamps The clamps are tightened around the Cuff after
the Cuff has been slipped over the end of the discharge pipe. These clamps are normally furnished by
Red Valve Company, Inc. Hose clamps are supplied for
valves up to 12". Valves 14" and up are supplied with
fabricated clamps. 14"-20" are supplied with one set,
20"-54" are supplied with two sets and sizes 60" and
up are supplied with three sets.
5. Lifting Clevis A lifting clevis is attached to the Bill of
the Check Valve for valves 36" and up. This clevis is
used during installation to assist in lifting the valve, and
may be used to attach a line to the bill to help support
the valve after installation.

Clamps

OPERATION

Tideﬂex® Check Valves are custom made products
intended for a speciﬁc application and have been
designed to respond to criteria unique to that purpose, such as line pressure, minimum and maximum
back pressure and chemical compatibility. Should the
conditions for which the valve has been designed
be altered or change in any way, it could affect the
normal operation of the valve.
Tideﬂex® Check Valves work on backpressure exerted
on the bill area to seal the valve. The bill may appear
to be slightly open when installed. This slight opening
does not affect the operation of the valve, as the valve
depends on backpressure to seal.

Forward Pressure
Opens Valve

Lifting
Clevis

Reverse Pressure
Seals Valve

Lifting
Eyebolt

Cuff

NEVER...

Cut or modify
check valve.

Saddle

Bill

DO...

DO...

Use a soapy water solution to
slide Tideﬂex® on pipe.
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Keep valve on pallet
until ready to install.

2

DO...

Tighten clamp
bolts evenly.
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STORAGE

FIGURE 2

Tideﬂex® Check Valves should be stored in a cool,
dry location on original shipping pallet with the bill
facing upward (not on side) (Figure # 2). Do not
drop, bend or twist Check Valve or damage may
occur.
1. Store valve in a cool, clean, dry location.
2. Avoid exposure to light, electric motors, dirt or
chemicals. Resilient Check Valves are subject to
deterioration when exposed to ozones and noncompatible chemicals. Ozone especially causes
age hardening of the elastomer.

STORE VERTICALLY

3. Store Installation Operation Manual with pro-duct
so it will be readily available for installation.
4. Do not remove wooden brace or metal "shipping
ring" (36"+) until valve is installed.

NEVER STORE HORIZONTALLY

INSTALLATION INSTRUCTIONS – LARGE DIAMETER
TIDEFLEX® CHECK VALVES 24" AND OVER
1. INSPECTION OF CHECK VALVE:

Check the inside diameter of the Cuff of the Tideﬂex®
Check Valve to compare it to the O.D. of the outfall
pipe. Inspect the outfall pipe for sharp or damaged
areas. The Pipeline should be in a smooth condition to
prevent cutting the Rubber Check Valve. Lifting clevis
and Lifting Eye Bolts are provided only for sizes 36"
videdover
only for sizes 36" and over.
and

2. INSPECTION OF THE PIPE

Check the outside diameter of the pipe to determine if it matches the I.D. of the Cuff of the
Tideﬂex® Check Valve. The Cuff of the Check Valve
is usually made slightly larger to permit ease of
installation.

Imperfections on the inside of the cuff area can be
ﬁlled with a silicone sealant prior to installing the valve
on the pipe. This will ensure a seal in the cuff area
after clamps are tightened.

El Zagal Flood Management O&M Manual – Appendix G
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3. CLEARANCE

Make certain that sufﬁcient ground clearance exists
below the valve, at least 10% of the valve diameter.
(I.E. 6" for a 60" valve)

4A. TIDEFLEX® WITH CURVED BILL INSTALLATION IN CURRENT
For Tideﬂex® fabricated with a curved bill, the valve
should be installed so the bill points in the direction
of the current, not facing the current which may
cause the bill to be forced open.

Correct

Top View

Current

Top View

Incorrect

Ground Clearance

IMPORTANT

5. REMOVING THE VALVE FROM PALLET OR CRATING

A lifting clevis is provided at the top end of the
Tideﬂex® Check Valve. Lifting eye bolts are provided
on the clamps. Remove the cuff retainer “Shipping
Ring” or wooden brace located inside the Cuff of
the valve. The valve should be lifted from the pallet
using both the clevis and the lifting eye bolts.

4B. FITTING TIDEFLEX® ON PIPE Current
A. To facilitate the insertion of the pipe into the Tideﬂex® Check Valve, it might be necessary to grind a bevel
on the inside cuff diameter.
B. Sometimes it is necessary to grind the inside of the
cuff or add gasket material to the O.D. of the pipe to
properly ﬁt the Tideﬂex® Check Valve
Tideflex ®

Outfall Pipe

6. LIFTING THE VALVE

Do not discard the metal clamps holding the valve
onto the pallet; THESE CLAMPS ARE NEEDED
to install the Tideﬂex® Check Valve. In lifting the
Tideﬂex® Check Valve from the pallet, keep the bill
end of the Tideﬂex® higher than the cuff for ease
of installation.
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8. SEAT TIDEFLEX® ON PIPE

7. POSITIONING THE VALVE

The Tideﬂex® Check Valve should ﬁt snugly against
the outfall pipe, leaving no gap. If possible, inspect
installation from the inlet end of the Tideﬂex® Check
Valve to insure that the Check Valve Cuff ﬁts snugly
on the pipe. Do not allow a gap between the cuff
and the end face of the outfall pipe. A gap will
create an imbalance which will not provide proper
support for the Tideﬂex® Check Valve. For more
information, see troubleshooting.

Apply a soap/water solution to the outside of the
pipe in which the check valve is being installed on,
to ease installation.
TF-2
With the bill end of the Tideﬂex® lifted higher than
the cuff end start to ﬁt cuff on the outfall line. The
Tideﬂex® Check Valve should ﬁt snugly against the
outfall pipe, leaving no gap.
TF-1
Flat portion of the valve to be at the bottom of the
pipe. Flare to be at the top

®®
TideflexTideflex
Tideﬂex

®

Outfall Outfall
Pipe Pipe
Snug Fit
Snug Fit

®
®
Tideﬂex
Tideflex
Tideflex

®

Outfall Outfall
Pipe Pipe

After the unit is securely pegged into position,
proceed to install and tighten the ﬁrst clamp. A
mild lubricant may be applied to the I.D. of the
clamp to prevent a brake shoe effect when tightening down clamps.

Gap

10. POSITIONING FOR 3 CLAMPS

9. POSITIONING FOR 2 CLAMPS

After the unit is securely pegged into position,
proceed to install and tighten the ﬁrst clamp. A mild
lubricant may be applied to the I.D. of the clamp
to prevent a brake shoe effect when tightening
down clamps.

Install the second clamp on the cuff of the Tideﬂex®. Rotating the clamp 90° in relation to the ﬁrst
clamp will ensure even pressure around the valve
and pipe, thus increasing the effectiveness of the
clamps.
90º

Gap

Install the second and third clamps on the cuff of the
Tideﬂex®. Rotating the ﬁrst and second clamps 60°
and 120°, respectively, in relation to the ﬁrst clamp
will ensure even pressure around the valve and pipe,
thus increasing the effectiveness of the clamps.

Holes

1

2

60º

If a greater distance between the "angles" of the
clamps is required to provide more range for tightening the bolts (especially if angles are bottoming
out), gasket material can be wrapped around the
OD of the cuff as shown.

1

60º

2

3

Cuff O.D.

Clamp Angles
Gasket–Material
El Zagal Flood Management O&M Manual
Appendix G
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11. POSITIONING BLANK HOLES IN CLAMPS

Tighten all clamps and bolts once all components
have been positioned properly. Pre-drilled holes
are drilled in each clamp. These are provided so as
to secure the Tideﬂex® Check Valve with “holding
pins” to the outfall pipe. This will secure the Tideﬂex® Check Valve to the pipe and assure a long,
trouble-free service life. After tightening the clamps,
the pre-drilled holes should be staggered. Holes are
not drilled in the rubber cuff of the Tideﬂex® at the
factory since they would not line up to the tightened
clamps.

13. BOLTS TACK WELDED TO CLAMPS

After tightening, heads of holding bolts can be tack
welded to the clamps using small tacks. Certain
installations will not permit installing of nuts to bolts.
In these situations, the tightness of the clamps and
tack weld of the bolts will assure good support.

Drill Hole
Through
Valve &
Pipe

Insert
Holding
Bolt &
Fasten

Tack
Weld
Bolt to
Clamp

12. TACK WELDING HOLDING BOLTS TO CLAMPS

Once clamps are secure use a standard steel drill bit
and drill holes through the rubber cuff. Insert holding bolts through the cuff and secure opposite side
with nut, if possible. Holding bolts should be stainless steel. Steel bolts can corrode and break
off, causing the Check Valve to slip off the
pipe. Holding bolts are not provided because of
various widths of the outfall pipe.

14. CORRUGATED PIPE AND SMOOTH WALL (PVC, HDPE) PIPE
INSTALLATION

For installation on corrugated pipe it is recommended
that the corrugations be ﬁlled with hydraulic cement
(or similar material) that will provide a smooth O.D.
For smooth wall
pipe it is recommended that the
valve be pinned.

Clamp
with Hole
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TROUBLESHOOTING
Valve will not ﬁt to pipe
* Hints to install large diameter check valves

• Make certain that the inside cuff retainer ring has been
removed prior to ﬁtting the valve to the pipe.

During the installation of the check valve, if force is
needed to seat the valve to the cuff stop on large
diameter check valves, the force required should be
induced equally around the cuff of the check valve,
never at only the top, bottom or in the center. The
force required to push the check valve onto the pipe
can be placed on the bill but it should be distributed
evenly over the entire length of the bill. Failure to
distribute the pressure equally may cause improper
performance of the check valve. Use a wide angle
iron or large wooden planks across the bill to distribute the force equally.

• Verify that the valve has enough area to ﬁt over the
pipe.
• If the pipe can be removed, or if an adapter ring which
bolts to the wall or inside a vault is used, a crane or
high-lift may be used to lower the valve onto the ring
with the valve turned on end and the bill facing up.
Valve will not close fully, or check ﬂow in
opposing direction

• Possible obstruction in line. Inspect the valve for
entrapped foreign objects which may have lodged
between the lips of the valve.
• Valve may not be installed high enough to clear the
ground under the bill. Ensure that there is enough
space between the bottom of the valve and the ground
in order to prevent contact of the two or debris buildup.
• Back-pressure may not be sufﬁcient to completely seal
the valve.
• The Valve may not have been installed in a vertical position.
Valve will not stay on pipe

• Check all clamp bolts to assure that all bolts are tightened sufﬁciently.
• Valve may not be fully seated onto outfall line.
• Clamps are not rotated 90° from each other in order
to provide adequate holding power.
• Valve cuff has a much larger I.D. in relation to pipe
O.D.
• Make sure holding pins are used on 42" and larger
Check Valves in order to prevent the valve from slipping
off the line.
TF-2 Check Valves are designed to slide over a pipe
stub. Too short of a pipe stub may cause the Check
Valve to slip off or cause
A
B
the Check Valve to gap
open.
For valves up to 4", the
Pipe
pipe stub length "B"
Stub
should be a minimum
of 1/2" longer than cuff
depth "A".
Bulkhead

6"-14"
16"-24"
30"-60"
72" and up

1" longer
2" longer
2 1/2" longer
3" longer
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MAINTENANCE

Line pressure should ﬂush the valve clean of debris
in most cases. Periodic inspections for trapped
debris should be conducted.
In vacation seashore areas quart size plastic bottles have a tendency to ﬂoat on top and not ﬂush
through except during a major storm.
A feathered 1" x 4", 1-1/2" x 12", or suitable plank
inserted into the bill of the valve and turned 90° is a
simple method of clearing the Check Valve of small
debris which may be trapped between the lips.
CAUTION: Sharp objects should not
be used on the Tideﬂex® as there is a
chance of cutting the rubber and damaging the protective fabric covering.
Any gouges in the cover wrap that occur should be
sealed to safeguard against ozone or chemical attack. This is best done with rubber cement or a good
brand of silicone or polyurethane rubber sealer made
by the major manufacturers.

Tideﬂex® Technologies Warranty
WARRANTIES - REMEDIES - DISCLAIMERS - LIMITATION OF LIABILITY
Unless otherwise agreed to in writing signed by Tideﬂex® Technologies, all Products supplied by Tideﬂex® Technologies will be described in the speciﬁcations set forth on the face hereof.
THE WARRANTIES SET FORTH IN THIS PROVISION ARE EXCLUSIVE AND IN LIEU OF ALL OTHER WARRANTIES WHETHER STATUTORY,
EXPRESS OR IMPLIED (INCLUDING ALL WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE AND ALL WARRANTIES ARISING FROM COURSE OF DEALING OR USAGE OR TRADE).
Tideﬂex® Technologies Products are guaranteed for a period of one year from date of shipment, against defective workmanship and material only, when
properly installed, operated and serviced in accordance with Tideﬂex® Technologies' recommendations. Replacement for items of Red Valve's manufacture
will be made free of charge if proved to be defective within such year; but not claim for transportation, labor or consequential damages shall be allowed.
We shall have the option of requiring the return of the defective product to our factory, with transportation charges prepaid, to establish the claim and our
liability shall be limited to the repair or replacement of the defective product, F.O.B. our factory. Tideﬂex® Technologies will not assume costs incurred to
remove or install defective products nor shall we incur backcharges or liquidated damages as a result of warranty work. Tideﬂex® Technologies does not
guarantee resistance to corrosion erosion, abrasion or other sources of failure, nor does Tideﬂex® Technologies guarantee a minimum length of service,
or that the product shall be ﬁt for any particular service. Failure of purchaser to give prompt written notice of any alleged defect under this guarantee
forthwith upon its discovery, or use, and possession thereof after an attempt has been made and completed to remedy defects therein, or failure to
return product or part for replacement as herein provided, or failure to install and operate said products and parts according to instructions furnished
by Tideﬂex® Technologies, or failure to pay entire contract price when due, shall be a waiver by purchaser of all rights under these representations. All
orders accepted shall be deemed accepted subject to this warranty which shall be exclusive of any other or previous warranty, and shall be the only effective guarantee or warranty binding on Tideﬂex® Technologies, anything on the contrary contained in purchaser's order, or represented by any agent or
employee of Tideﬂex® Technologies in writing or otherwise, not withstanding implied warranties. Tideﬂex® Technologies MAKES NO WARRANTY THAT
THE PRODUCTS, AUXILIARIES AND PARTS ARE MERCHANTABLE OR FIT FOR ANY PARTICULAR PURPOSE.

700 North Bell Avenue
Carnegie, PA 15106
phone: 412 279-0044
fax: 412 279-7878
WEB: www.tideﬂex.com
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Wastewater Combination Air Valve
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VALVE AND MANUFACTURING CORP.
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Phone (630) 941-7600 ●
www.valmatic.com

Elmhurs t, IL 601 26
Fax (630) 941-8042
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VAL-MATIC'S WASTEWATER COMBINATION AIR VALVE
OPERATION, MAINTENANCE AND INSTALLATION
INTRODUCTION
This manual will provide you with the information to
properly install and maintain the valve to ensure a
long service life. The Wastewater Combination Air
Valve has been designed with stainless steel trim to
give years of trouble-free operation but regular
maintenance is recommended for valves subject to
fluids containing suspended solids or greases/oils.
The Wastewater Combination Air Valve is typically
mounted at the high points in a piping system to
automatically remove pockets of air as they
accumulate. The valve can also be used to slowly
release air in tanks and pump casings.
CAUTION:

This valve is not intended for
flammable liquids service.

The valve is a float-operated, resilient-seated valve
designed to handle waste fluids. The valve may be
equipped with backwash accessories. The Size,
Maximum Working Pressure and Model No. are
stamped on the nameplate for reference.

RECEIVING AND STORAGE
Inspect valves upon receipt for damage in shipment.
Handle all valves carefully without dropping. Valves
should remain boxed, clean and dry until installed to
prevent weather related damage. For long-term
storage greater than six months, the valve must
remain in the box and stored indoors. Do not
expose valve to sunlight or ozone for any extended
period.

FIGURE 1.
VALVE

WASTEWATER COMBINATION AIR

When air enters the valve, it is released through the
large-diameter seat and the outlet on the top of the
valve. When fluid enters the valve, the float lifts the
plug, which seals off the seat. The orifice button
also seals against the small orifice drilled through
the center of the plug. The float has a skirt to assist
in closure and reduce leakage. As air or gas
accumulates in the valve, the float will drop and pull
the button away from the plug. This will allow
pressurized air to be vented through the plug.
Additional ports are provided for flushing, testing and
draining purposes.

DESCRIPTION OF OPERATION
The Wastewater Combination Air Valve is designed
to automatically remove air pockets at the high
points in a piping system. The valve, as shipped, is
a normally open valve and will rapidly vent air
through the top opening. As fluid enters the valve,
the float will rise, closing the orifice.
As air
accumulates in the piping system and enters the
valve, the float drops allowing the small venting
orifice to open.
The valve can be furnished with optional external
valves and hose connections for backwashing.
These items are packaged separately.

2
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INSTALLATION
The installation of the valve is important for its
proper operation. Valves should be installed at the
system high points in the vertical position with the
inlet down. For pipeline service, a vault with freeze
protection, adequate screened venting, and
drainage should be provided. During closure, some
fluid discharge will occur so vent lines should extend
to an open drain area in plant service. A shut-off
valve should be installed below the valve in the
event servicing is required.
CAUTION:

Install valve with "INLET" port
down or leakage will occur.

VALVE CONSTRUCTION
The standard Wastewater Combination Air Valve
body and cover are cast iron. See the specific
Materials List submitted for the order if other than
standard cast iron construction.
All internal
components are stainless steel with the exception of
the orifice button, which is resilient. The general
details of construction are illustrated in Figure 2.
The body (1) is threaded for connection to the
pipeline. The seat (4) is threaded into the cast cover
(2).
ITEM
1
2
3
4
5
6
7
8
10
11
12
13
14
15
16
17
18
20
28
33
34
35
36

DESCRIPTION
MATERIAL
Body
Cast Iron
Cover
Cast Iron
Baffle (1”-2”)
Cast Iron
Baffle (3”-4”)
Ductile Iron
Seat*
Stainless Steel
Float*
Stainless Steel
Gasket*
Non-Asbestos
Cover Bolt
Alloy Steel
Retaining Screw*
Stainless Steel
Float Arm*
Stainless Steel
Orifice Button*
SS and Buna-N
Pivot Pin*
Stainless Steel
Retaining Ring*
Stainless Steel
Pipe Plug
Steel
Cushion*
Buna-N
Plug
Stainless Steel
Float Retainer*
Stainless Steel
Lock Nut*
Stainless Steel
Guide Shaft*
Stainless Steel
Pipe Plug
Malleable Iron
Clevis*
Stainless Steel
Lock Washer*
Stainless Steel
Guide Shaft Retainer*
Stainless Steel
Pipe Plug
Steel
*RECOMMENDED REPAIR PART KIT

FIGURE 2. 1”-4” WASTEWATER COMBINATION
AIR VALVE

TABLE 1. LIST OF PARTS
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BRONZE
1/2" FULL FLOW BALL VALVE
WITH QUICK DISCONNECT COUPLING

D

OUTLET

1/2" N.P.T. PIPE PLUG

FOR VALVE
DETAIL SEE
DRWG. NO.

A

VM-804

1/2” RUBBER HOSE WITH
QUICK DISCONNECT COUPLING
ON EACH END.

B
2" CLEANOUT

BRONZE
1" FULL FLOW
BALL VALVE

BRONZE
4" FULL FLOW
BALL VALVE

ADDITIONAL
LOOSE COUPLING

CWP 150 PSI

INLET

C
F
VALVE DIMENSIONS, INCHES
SIZE MODEL NO. BWA KIT
804BW
4 X4
SPK-804BW

A
23.50

B
33.63

C
13.63

D
11.00

F
16.75

BACKWASH ACCESSORIES SHIPPED LOOSE.
Revised 7-22-09

WASTEWATER COMBINATION AIR VALVE W/ BACKWASH ACCESSORIES KIT

AL

ATIC

DATE

3-30-00

DRWG. NO.

®

VALVE AND MANUFACTURING CORP.
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Option Backwash Assembly
Refer to the Figure 3 for the correct piping
arrangement. Please note the each Kit contains
extra fittings such as reducer bushings that may not
be needed for your valve. The fittings should be
installed with a standard pipe compound such as
Oatey White Thread Sealant (supplied) or sealing
tape.
The quick disconnect fittings (Air King
Universal Couplings) are designed for easy push
and turn connections to a clean water source.

Type
Comb.
Air
Valve

Backwash Procedure:
In order to properly
backwash the valve, a 1" clean water supply of at
least 30 psi is needed. This supply should be
connected to the rubber hose with quick disconnect
couplings as provided with the wastewater valve and
shown in Figure 3.
1.
2.
3.
4.

Pipe valve B to a drain prior to backwashing.
Close inlet valve A.
Open drain valve B.
Connect water supply to C/D and supply water
for 3 minutes to flush seat and mechanism area.
5. Additional washing of seat area can be
accomplished by placing the water supply over
the discharge into the Outlet port.
6. Close valves D and B.
7. Slowly open valve A to place back in service.

Backwash Accessory Kits
Inlet Backwash Kit
Valve Models
1”
SPK-301ABW
801ABW
2”
SPK-301ABW
802ABW
3”
SPK-303ABW
803ABW
4”
SPK-804BW
804BW

MAINTENANCE
The Wastewater Combination Air Valve should be
scheduled for regular inspection and backwash on a
monthly basis. Based on experience in service, a
more frequent backwash regimen may be desirable
to minimize leakage.
WARNING: Wear safety glasses to look into the
valve outlet after installation.
Released fluid can cause injury.
Inspection: Periodic inspection to verify operation
can be performed. The valve should not leak fluid at
any connection or through the outlet. If there is
leakage through the outlet, perform a backwash
procedure on the valve. Also check to see that air is
being released by cracking open the lower drain
valve (B). If a large amount of air is released from
the drain valve, then the main valve may be clogged
and a backwash procedure should be performed.
Lubrication:
The Wastewater Combination Air
Valve is a self-contained automatic valve and does
not require and lubrication to enhance its operation.
Tools: No special tools are needed to maintain or
repair the valve. The valve should be equipped with
backwash valves and hoses for ease of
backwashing.

FIGURE 3. BACKWASH HARDWARE
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TROUBLESHOOTING

DISASSEMBLY

Several problems and solutions are presented below
to assist you in troubleshooting the valve assembly
in an efficient manner.

The valve can be disassembled without removing it
from the pipeline. Or for convenience, the valve can
be removed from the line. All work on the valve
should be performed by a skilled mechanic with
proper tools. No special tools are required.



Leakage at Bottom Connection: Tighten valve
threaded connection. If leak persists, remove
valve and seal threads with Teflon* sealant or
tape.



Leakage at Cover: Tighten bolts per Table 2,
replace gasket.



Valve Leaks when Closed: Backwash valve to
remove debris. Disassemble and inspect seat,
orifice button, and float. NOTE: Many floats
contain sand for weight but if water is detected,
replace float.



WARNING:

The valve must be drained
before removing the cover or
pressure may be released
causing injury.

1. See Figure 3. Close inlet shut-off valve (A).
Open drain valve (B) or remove drain plug. See
Figure 4. Remove the cover bolts (7) on the top
cover.
2. Pry cover (2) loose with sharp chisel or
screwdriver and lift off valve body. The float will
be connected to the cover.

Valve not Venting Air: Check that operating
pressure does not exceed Working Pressure on
nameplate. Backwash valve.

3. Remove the retainer screws (28) and inspect the
seat (4) and button (11) for cracks in the rubber
or wear in the sealing surfaces.

*Du Pont registered trademark.

4. Remove the plug (16) from the baffle (3). The
small orifice through the plug should be clean.
The plug shaft and bushing (9) ID should be
polished clean with 4x0 steel wool or 320 grit
polishing compound.
5. Turn guide bushing (9) to remove it from the
baffle.
Remove the retainer rings (13) to
disassemble the float arm assembly.
6. Clean and inspect parts. Note: If floats contain
water, replace.
Replace worn parts as
necessary.

FIGURE 4. VALVE ASSEMBLY
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REASSEMBLY

4. Insert pivot pins (12) through float arm (10) and
fasten with retainer rings (13). Thread in orifice
button (11) and secure with lockwasher (34) and
lock nut (18). Adjust orifice button so that when
float is seated against the plug, the button is
centered.

All parts must be cleaned and gasket surfaces
should be cleaned with a stiff wire brush in the
direction of the serrations or machine marks. Worn
parts, gaskets and seals should be replaced during
reassembly. Refer to Figure 4.
1. Apply Loctite 680 thread sealant to guide bushing
threads (9) and thread bushing into baffle (3).

5. Lay cover gasket (6) over body flange and secure
with lubricated bolts (7) to the torque shown in
Table 2.

2. Lay seat (4), plug (16), and baffle (3) over
inverted cover and fasten with screws (28) with
maximum torque of 10 ft-lbs. Do not over tighten.

6. Place valve back in service.
Refer to the
installation instructions on page 2. Slowly open
inlet isolation valve.

3. Assemble float (5) with Loctite 680 on the
threaded connections of float retainer (17) and
guide shaft retainer (35).

PARTS AND SERVICE
Model Number
801A,
802A, 803A, 804

Bolt Size
7/16”
1/2”

Torque (ft-lbs)
30
45

Parts and service are available from your local
representative or the factory. Make note of the valve
Model No and Working Pressure located on the
valve nameplate and contact:

TABLE 2. VALVE COVER BOLT TORQUES

Val-Matic Valve and Mfg. Corp.
905 Riverside Drive
Elmhurst, IL 60126
PH: 630/941-7600
FAX: 630/941-8042
A sales representative will quote prices for parts or
arrange for service as needed.
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LIMITED WARRANTY
All products are warranted to be free of defects in material and workmanship for a period of one year from the date of shipment,
subject to the limitations below.
If the purchaser believes a product is defective, the purchaser shall: (a) Notify the manufacturer, state the alleged defect and request
permission to return the product; (b) if permission is given, return the product with transportation prepaid. If the product is accepted
for return and found to be defective, the manufacturer will, at his discretion, either repair or replace the product, f.o.b. factory, within
60 days of receipt, or refund the purchase price. Other than to repair, replace or refund as described above, purchaser agrees that
manufacturer shall not be liable for any loss, costs, expenses or damages of any kind arising out of the product, its use, installation
or replacement, labeling, instructions, information or technical data of any kind, description of product use, sample or model,
warnings or lack of any of the foregoing. NO OTHER WARRANTIES, WRITTEN OR ORAL, EXPRESS OR IMPLIED, INCLUDING THE
WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE AND MERCHANTABILITY, ARE MADE OR AUTHORIZED. NO
AFFIRMATION OF FACT, PROMISE, DESCRIPTION OF PRODUCT OF USE OR SAMPLE OR MODEL SHALL CREATE ANY WARRANTY
FROM MANUFACTURER, UNLESS SIGNED BY THE PRESIDENT OF THE MANUFACTURER. These products are not manufactured,
sold or intended for personal, family or household purposes.

VALVE AND MANUFACTURING CORP.
90 5 R i v er s id e D r . ●
Phone (630) 941-7600 ●
www.valmatic.com

Elmhurs t, IL 601 26
Fax (630) 941-8042
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Appendix H Operations & Maintenance Checklist
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El Zagal Area Flood Risk Management
Operation and Maintenance Summary

Updated

8/21/2017

Flood Operation Summary*
All activities to be coordinated and assigned by the current project Superintendent:

City of Fargo City Engineer – (701) 241-1545
*This document is meant for the sole purpose of compiling levee operation and maintenance information into one location for quick
access. It is to be used to compliment the adopted Operation and Maintenance Manual, January 2016, as developed by HoustonMoore Group. The O&M manual must be consulted during a flood event.

Flood Emergency Contact Information
•
•
•
•
•
•
•
•
•
•
•

City of Fargo Engineering Department – (701) 241-1545
City of Fargo Public Works – (701) 241-1453
City of Fargo Police Department – (701) 241-1437
City of Fargo Fire Department – (701) 241-1540
Fargo Emergency Management – (701) 476-4068
Cass Emergency Management – (701) 239-6790
Army Corps of Engineers Readiness Branch – (651) 290-5204
Army Corps of Engineers 24-hour answer line – (651) 290-5220
U.S. Geological Survey – (701) 250-7401
National Weather Service (Grand Forks) – (701) 772-0720
North Dakota Department of Transportation – (701) 787-6500

Impending Flood Preparation
•

•
•

Ensure Inventory of flood fighting supplies, specifically for closure structure location at the Elm Street.
• Ensure availability of all stoplogs for closure structure.
• Must have a convenient and dependable source of embankment materials and the equipment necessary to
deliver these materials to any point on the project.
• Must have a readily available source of construction equipment including front-end loaders, dozers, and
trucks for use in installing emergency closures and making emergency repairs to the levee.
• Ensure that a stock or readily available source of rolls of polyethylene 12 feet wide and 4-6 mils thick is
available to protect sand and sandbag emergency flood barriers and in assuring watertight conditions at
stoplog closures.
• A spare parts inventory of pump and control parts, including cost and availability data, must be available.
• Emergency measures must be completed as per Appendix D of the O&M Manual.
Complete general inspection of facilities and look for potential complications (i.e. blocked internal drainage,
inoperable closure structure, pump operation, etc.).
Flood Warning System: The National Weather Service is responsible for forecasting flood crests. When a flood
is imminent, both crest elevation and discharge predictions can be found at
http://water.weather.gov/ahps2/index.php?wfo=fgf.
• If overtopping of the levee is imminent, all protected areas should be evacuated.

City of Fargo, Cass County, ND
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Operation During a Flood
•
•

•

Initiate periodic inspections of the levee when the Red River reaches flood stage. Inspections should increase in
frequency as the river stage continues to rise.
Initiate continuous levee patrol when the water surface elevation reaches a level 4 ft below the top of the levee,
and continue patrolling operations until water levels recede. Levee patrol should focus on locating and
immediately correcting any conditions that could endanger the integrity of the levee. Consult the USACE FloodFight Handbook located in Appendix E of the El Zagal Area Flood Risk Management O&M Manual for
recommended methods of emergency repairs and construction.
See “Schedule of Operations by River Stage” below for action elevations.

Schedule of Operations by River Stage at USGS Gage 05054000
(http://waterdata.usgs.gov/nd/nwis/inventory/?site_no=05054000&agency_cd=USGS)
River Stage

34.5’

Operation
Close sluice gates in Gatewell No. 2 and Gatewell No. 3 in the spring to prevent
ice and debris obstructing sluice gates. Begin pumping from lift station at 15th Ave
N and 2nd St. N through 24” forcemain.
Close sluice gates in Gatewell no. 1 in the spring to prevent ice and debris from
obstructing sluice gates.
Close sluice gates in Gatewell No. 2 and Gatewell No. 3 in months where ice is
not a concern.
Levee adjacent to Elm Street is overtopped, inundating the golf course. Set up a
temporary pumping at Gatewell No. 2 near Shriner’s building in case rain event
occurs while drainage is blocked.
Close sluice gates in Gatewell No. 1 in months where ice is not a concern.

37.7’

Deploy temporary floodwall closure on Elm Street.

38.3’

Initiate continuous patrol of levees and floodwalls

44’

Levees will overtop. Follow USACE’s flood fight handbook for further action.

22’
26’
28’
33’

After a Flood
•

Clean up facilities and replenish flood fighting inventories. Commence all maintenance activities from page 4 of
this document that have an annual frequency or less and repair all damages. Consult the O&M for formal
procedures.

City of Fargo, Cass County, ND
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Normal Maintenance Schedule
All activities to be coordinated and assigned by the current project Superintendent:

City of Fargo City Engineer – (701) 241-1545
Frequency

1 Year

5 Years

Maintenance Activity
Inspect levee system for animal burrowing. Eliminate all rodents, fill holes, and replace sod.
No accumulation of trash and debris adjacent to walls or within easement area.
Concrete joints are free of grass and weeds.
Inspect closure structures for missing parts, rust, proper movement of parts, parts are adequately
covered with paint.
Inlet and outlet channels are free of trash, drift or debris.
Ensure that the Project Operation and Maintenance (O&M) Manual is present and available.
Ensure an adequate supply of flood fighting materials. Specifically, ensure clean supply of sandbags
or impermeable earthfill.
Inspect levee and floodwall clear zone for unwanted vegetation.
- Remove any trees or bushes within clear zone.
- Spray and remove all saplings.
- Mow all sod and replace any missing sod cover.
- Spray all noxious weeds.
Inspect levees, flood walls, closure structures and internal drainage system right-of-way for
encroachments and remove.
Inspect all slopes for slides, sloughs, tension cracking, slope depressions, bulges, or bank caving and
repair if necessary.
Inspect flood wall and drainage structures for cracking, chipping or breaking to an extent which
might affect stability of wall or its water tightness. Repair with the assistance of an engineer.
Inspect levee crown for settlement, rutting, and cracking and repair if necessary.
Inspect levee toes for scour. If toe scour occurs, replace with the assistance of an engineer.
Inspect the landside toe for any seepage. If seepage is noted, consult an engineer.
Inspect bank conditions riverward of the wall for caving. If bank caving conditions are present,
consult an engineer.
Inspect and lubricate all metallic items for damage or corrosion and repair/replace as necessary. Also,
ensure that all locks are in place for public safety.
Visually inspect all culverts for joint separation and corrosion.
Inspect access hatches for cracking, bending, rust, or missing parts. If damage could compromise
structural integrity of hatch, replace or repair deficiencies. Ensure access hatches easily open and
close.
Operate and oil closure devices and ensure that no access is blocked and seals are tight. Immediately
correct any deficiencies and keep in good working order. Also verify that flap gates easily open and
close.
Clean and Paint equipment as necessary.
Perform a trial erection on closure structure. Perform trial erections of all closure structures when a
change is made in key operating personnel.
Survey top of levee and floodwall centerline to check for settlement and verify freeboard
Televise all storm sewer and have report available for inspection.
Megger test all pumps Clean sediment out of wet well and gatewells
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Project Features of El Zagal Phase I and Phase II
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