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Introduction 
An Operation and Maintenance (O&M) Manual is a detailed written description of systematic 
procedures for ensuring that a dam is operated and maintained properly. Adequate operation 
and maintenance is critical for ensuring the continued safe functioning of the dam, and ongoing 
productive use of the dam and reservoir. 

Ecology’s Dam Safety Office (DSO) created these guidelines to assist dam owners/operators in 
developing O&M Manuals for their projects. The need for these guidelines was prompted by 
State Dam Safety Regulations (Chapter 173-175 WAC3), which took effect February 27, 2012. 
These regulations require owners of new projects to submit an Operation and Maintenance 
Plan that summarizes how the project is to be operated, and outlines how the basic elements of 
monitoring, inspection, and maintenance are to be accomplished. Owners are then responsible 
for incorporating the details of the O&M Plan into an O&M Manual, suitable for use by dam 
operators. 

The format of these guidelines parallels the layout of a typical O&M Manual. Each section of 
the guidelines provides an overview of the general purpose, intent, and contents of the 
corresponding section of the manual. Appendix A contains a sample O&M Manual showing how 
the various components of an O&M Manual are typically written. 

DSO has also designed a O&M Plan template4 to aid dam owners in creating an O&M Plan. For 
some simple earthen dams, completing this plan, or something equivalent, will satisfy the O&M 
Manual requirement under WAC 173-175-500. For other dams - like large concrete dams – DSO 
may require a more comprehensive, detailed manual, which incorporates this plan. DSO will 
make this determination on a case-by-case basis after reviewing the completed O&M plan 
template. 

If you have been required to complete the full O&M Manual, at minimum, it should contain the 
following sections: 

SECTION I - GENERAL INFORMATION is the introductory section of the O&M Manual, which 
discusses the purpose of the manual, and provides general information about the project, 
includes a Project Data Sheet and identifies the individual(s) responsible for implementing the 
plan. 

SECTION II – PROJECT OPERATION provides details of how to operate the reservoir and 
equipment at a project. 

                                                      

3 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-175 
4 https://apps.ecology.wa.gov/publications/summarypages/ecy07039.html 

https://apps.leg.wa.gov/WAC/default.aspx?cite=173-175
https://apps.ecology.wa.gov/publications/summarypages/ecy07039.html


Guidelines for Developing Dam Operation and Maintenance Manual Page 2 

SECTION III – MAINTENANCE provides detailed information and instructions on performing 
periodic maintenance and upkeep at the dam. 

SECTION IV – INSPECTION provides information on performing regular inspections of a dam by 
the owner/operator. 

SECTION V – INSTRUMENTATION & MONITORING provides information on instrumentation at 
the dam, and instructions for monitoring and recording data. 

SECTION VI – UPDATING provides procedures for the periodic updating of the manual. 
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Section 1 – General Information 
This section should briefly describe the purpose of the O&M Manual, and provide general 
information about the project. Information in this section would include: 

Purpose of O&M Manual 
Briefly provides an introduction to the O&M Manual and a general statement on the overall 
purpose of operation and maintenance at the dam. 

Land and Access to the Dam 
Tells which creek/river the dam is located on (or near, for reservoirs), the county it is in, and the 
nearest city/town. It may also provide directions for traveling to the dam. 

Purpose of Project 
Explains the primary and secondary purposes of the dam and reservoir (e.g. flood control, 
irrigation, recreation, etc.) 

General Description of the Dam and Reservoir 
Identifies all major project features, including: 

• Dam owner and operator. 
• Type of dam (earthfill, rockfill, concrete). 
• Dam height, length, and crest width. 
• Location and type of spillway(s) and outlet works. 
• Surface area and storage volume of reservoir. 

Project History 
Briefly outlines the history of dam and reservoir, including date(s) of construction, original 
project engineer and contractor, and any significant modifications or events that have taken 
place during the life of the facility. 

Assignment of Responsibilities 
Clearly identifies individuals for implementing the O&M manual and all areas of responsibility 
for operating personnel with respect to dam and reservoir operation and maintenance. Typical 
responsibilities would include: overall responsibility of project, equipment operation at dam, 
performing inspections, routine maintenance work, and recording monitoring data. Putting this 
information in a table format is most useful. 
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Project Data Sheet 
Lists all major features of the dam in an easy to follow, tabular format, including the spillway(s), 
outlet works, and appurtenant structures and their locations at the dam site. See Appendix B. 

Record Keeping 
List all of the records to be kept at the dam and the location of those records. Typical types of 
records are maintenance records, monitoring records, gate operations, observations, pool 
levels, unusual weather events, drawdowns, inspections, and photos. 

Facility Security 
List the ways intentional damage from outside parties may be prevented at the facility. 
Describe any security monitoring equipment, fences, safety/warning signs, barriers, access 
gate, etc. 

Diagrams 
Include drawings in the O&M Manual showing: 

• Where all hydraulic elements are located, such as: 
o Areas of surface runoff inflow to reservoir from upstream watershed 
o Inflow pipeline or channel (include gates, valves) 
o Drop inlet spillway(s) (include gates, valves) 
o Open channel or weir spillway (include gates, valves, stoplogs) 
o Culvert spillway (include gates, valves, stoplogs) 
o Storm pond flow control structure (include gates, valves, orifices) 
o Low outlet pipeline – reservoir drain (include gates, valves) 
o Low outlet pipeline – water supply (include gates, valves) 
o Diversion channel to divert runoff away from or around reservoir 

• The locations of all instrumentation, such as: 
o  Weirs, flumes, pipes and other means to measure seepage flow 
o Monitoring/Observation wells to measure water levels 
o Piezometers to measure pore pressures within embankment/foundation 
o Staff gauges to measure reservoir levels 
o Flumes, weirs, and/or gauges to measure reservoir inflow/outflow 
o Rain gauge to measure precipitation 
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Section II – Project Operations 
This section provides details of how to operate various elements of a project. The extent of 
operation procedures depends on the complexity of the dam itself. Operation procedures for 
normal or “day to day” operations would include: 

• Instructions for operating the reservoir. 
• Instructions for operating all control mechanisms. 

Operation procedures are also developed for emergency situations. Such situations require 
special operating procedures, normally contained in a separate document called an Emergency 
Action Plan. Emergency Action Plans are required for all high hazard and significant hazard 
dams. 

Operating Instruction for Reservoir (Rule Curve) 
Instructions on the general operation of the reservoir should be provided, including the 
regulation of inflow and outflow ditches (if applicable). The instructions should state the 
maximum allowable pool levels at different times of the year, maximum or minimum 
permissible outlet releases, operation of the outlet to limit or prevent excessive spillway flow, 
and the method for lowering the reservoir to permit outlet or upstream slope inspection. The 
instructions should describe which gates and/or valves must be operated to regulate the 
reservoir. 

Note: Most small dams operating requirements are unlikely to be as complex (e.g. flood 
control, irrigation supply) as shown in the example manual in Appendix A. However, a set of 
reservoir operating instructions is necessary even if the procedures are very simple. 

Operating Instructions for Control Mechanisms  
The manual should provide complete, clear, step-by-step instructions for operating all 
mechanisms associated with a dam, including the outlet control valve(s) and spillway gates. The 
instruction should include a general description of the mechanism, its location, and its purpose. 
Proper sequences should be emphasized, and sketches, drawings, and photographs to aid in 
identifying specific handles, cranks, buttons, etc. should be included. The correct method of 
opening and closing guard gates, gate usage during low and high flows, openings at which 
excessive vibrations are experienced, and operating problems peculiar to a specific gate should 
also be listed, as necessary. For hydraulic and electric gates, a schematic diagram should be 
provided showing each component (including back-up equipment) and its place in the 
operating sequence. See Appendix A, Section II for an example. Provide examples of operating 
instructions for typical dam mechanisms.  
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Section III – Maintenance 
This section of the O&M Manual provides detailed information and instruction on performing 
periodic maintenance at a dam. Maintenance is a task that should never be neglected. A good 
maintenance program will prevent deterioration of the dam, prolong its life, and maintain a 
safe structure. A maintenance program should consist of the following three elements: 

• Regularly Scheduled Maintenance 
• Monitored Maintenance 
• Unscheduled Maintenance 

The maintenance plan is best presented in a table format that includes the elements being 
maintained, frequency, and description of the maintenance activity.  

Regularly Scheduled Maintenance  
Regularly scheduled maintenance involves servicing equipment, replacing parts, or performing 
routine tasks according to an established schedule. Scheduled maintenance may be anything 
from a monthly lubrication routine on a valve, to annual replacement of component parts on a 
piece of equipment. Scheduled maintenance can be based on time (e.g. days, months, years, 
etc.) or the amount of use (e.g. hours of operation, number of cycles, etc.). Equipment 
maintenance schedules are normally based on the manufacturers specifications. 

Monitored Maintenance  
Monitored maintenance involves periodic surveillance and testing of equipment and making 
repairs or modifications as needed. Establish a surveillance schedule based on predictions of 
the wear rates of certain types of equipment or materials. For example, the oil in a hydraulic 
system may be changed every 100 hours of operation (scheduled maintenance), while the oil 
level may be checked every week and oil is added as needed (monitored maintenance). Other 
examples of monitored maintenance would include: inspecting trash racks weekly and clearing 
debris as needed, and checking gate leakage monthly and replacing seals as needed. 

Unscheduled Maintenance  
Despite having a proper maintenance program, unexpected deficiencies can occur at any time, 
prompting the need for repairs or replacement. Unscheduled maintenance is maintenance 
performed on an as-needed basis. The need for unscheduled maintenance may be identified 
during the performance of preventative maintenance, as a result of dam safety or O&M 
inspections, or after an unusual event such as a flood. Examples of unscheduled maintenance 
would include:  

• Repairing and reseeding eroded areas and gullies on embankment dams. 
• Repairing defective gates, valves, and other equipment discovered during inspections. 
• Repairing damage to earth lined emergency spillways following a flood. 
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Although unscheduled maintenance cannot be planned for in a maintenance plan, an owner 
should anticipate the need for repair or rehabilitation of unexpected deficiencies. To this end, 
the Maintenance Plan should include a section that gives instructions for dealing with 
unscheduled maintenance. Major repairs or improvements necessitate review and approval by 
the Dam Safety Office.  
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Section IV – Inspection 
An effective inspection program is essential for identifying problems and providing safe 
performance of a dam. Thus, the O&M Manual should contain a section on inspection. A proper 
inspection program should involve the following three types of inspections: 

• Routine, informal inspections 
• Annual safety inspections 
• 5-year Periodic Inspections 
• Periodic inspections 
• Non-routine inspections 

Routine Inspection 
Routine inspections are typically performed on a frequent base (e.g. weekly, monthly) by the 
dam owner or operator. The frequency of routine inspections is tied to the need for operation 
and monitoring at the facility, as outlined in WAC 173-175-500. Important monitoring data 
recorded during a routine inspection would include: reservoir level, seepage flow, toe drain 
flow, piezometer levels, and other project-specific information. A brief, visual inspection of the 
major project features is performed to observe any obvious changes that may threaten dam 
safety (e.g. seeps, bogs, settlement, sinkholes, debris, etc.). 

Annual Inspection 
An annual inspection is a more detailed inspection by the dam owner or operator, during which 
all features and equipment at the facility are evaluated as outlined in WAC 173-175-510. The 
inspection may be performed by the owner, or an agent of the owner. A checklist is used to 
ensure that all critical features are examined. 

Typical inspection items would include: 

• The condition of the dam crest, upstream, and downstream slopes. 
• Condition of the spillway and outlet works. 
• Observation and measurement of all seepage, and any other important, project-specific 

items. 
• Testing all operable valves, control works, and other mechanisms, to ensure they are in 

proper working order. 
• Reviewing the monitoring information from the past year for development of any 

adverse conditions such as increased seepage or higher piezometer levels. 
• Taking photographs of all of the dam components and any observed problems or 

obvious changes to the dam. 

Record all information and photographs from the annual inspection on an inspection form. Dam 
owners can use their own annual inspection checklist or form or they are welcome to use the 
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inspection form templates created by the DSO - Dam Owner Annual Inspection Form – Earthen 
Dams5 and Dam Owner Annual Inspection Form – Concrete Dams.6 

Please include instructions in the O&M Manual for the inspection form that will be used when 
conducting the owner annual inspection. 

Periodic Inspection by the DSO 
Per WAC 173-175-705, the DSO is required to conduct a Periodic Inspection for dams located in 
areas where a dam failure poses a risk for loss of life or significant economic or environmental 
risk. These inspections should be performed by professional engineering specialists, registered 
in Washington State, and familiar with the design and construction of dams.  

For High Hazard dams (1C, 1B, 1A) the frequency is every 5 years. For Significant Hazard dams 
(2D, 2E) the inspection frequency is also typically 5 years, but may be 10 years if necessary 
based upon workload and staffing limitations. If necessary, the DSO may also adjust the 5 year 
interval by a year longer or shorter to adjust yearly workload.  

The Periodic Inspection involves: 

• Review and analysis of available data on the design, construction, operation, and 
maintenance of the dam and its appurtenances. 

• Visual inspection of the dam and its appurtenances. 
• Evaluation of the safety of the dam and its appurtenances, which may include 

assessment of the hydrologic and hydraulic capabilities, structural stabilities, seismic 
stabilities, and any other condition which could constitute a hazard to the integrity of 
the structure. 

• Evaluation of the downstream hazard classification; evaluation of the operation, 
maintenance, and inspection procedures employed by the owner and/or operator. 

• Review of the Emergency Action Plan for the dam including review and update of dam 
breach inundation maps. 

Afterward, the DSO prepares a comprehensive report, which includes findings from the 
inspection and any remedial work needed.  

Non-routine Inspections by the DSO 
Some inspections by the DSO may be performed for non-routine reasons (WAC 173-175-725), 
such as an earthquake or extreme storm event, or at public request (WAC 173-175-735). No 
fees are charged to the owner for these inspections.  

                                                      

5 https://apps.ecology.wa.gov/publications/SummaryPages/ECY070572.html 
6 https://apps.ecology.wa.gov/publications/SummaryPages/ECY070613.html  

https://apps.ecology.wa.gov/publications/SummaryPages/ECY070572.html
https://apps.ecology.wa.gov/publications/SummaryPages/ECY070572.html
https://apps.ecology.wa.gov/publications/SummaryPages/ECY070613.html
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Section V – Instrumentation & Monitoring 
Instrumentation at a dam furnishes data to determine if the completed structure is functioning 
as intended, provides a continuing surveillance of the structure, and is an indicator of 
developments that may endanger its safety. The extent and complexity of instrumentation at a 
dam depends on the size of the structure, its intended purpose, and the potential for loss of life 
and property damage downstream from the facility. 

Typical monitoring instrumentation at dams includes: 

• Weirs, flumes, pipes, and other means to measure seepage flow. 
• Monitoring wells to measure water levels, and piezometers to measure pore pressures 

within the embankment and/or foundation. 
• Survey monuments to measure horizontal and vertical movement. 
• Staff gauges to measure reservoir levels. 
• Flumes, weirs, and/or gauges to measure reservoir inflow and/or outflow. 
• A rain gauge to measure precipitation. 

The instrumentation needed at a project could range from a simple bucket and stopwatch to 
measure seepage flow at a small dam with low downstream hazard, to all of the above 
instrumentation at a large dam with a high downstream hazard. Further information on 
monitoring equipment at dams can be found in Chapter 6 of Ecology Publication 92-55C, Dam 
Safety Guidelines, Part III, An Owner’s Guidance Manual7. 

The O&M Manual should contain clear instructions on how to use monitoring equipment and 
how to take measurements at monitoring points. Provide a map identifying each instrument 
and monitoring point, and forms for recording the data. The monitoring points themselves, as 
well as any seepage or other areas needing attention should be kept clear of obscuring growth 
and be permanently marked. Record all data on an appropriate form. Monitoring can only be 
beneficial if the observations are recorded in an orderly way and form a clear performance 
record. 

See Appendix A, Section V for an example of monitoring instructions, and Appendix C for 
sample monitoring forms.   

                                                      

7 https://apps.ecology.wa.gov/publications/summarypages/9255c.html  

https://apps.ecology.wa.gov/publications/summarypages/9255c.html
https://apps.ecology.wa.gov/publications/summarypages/9255c.html
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Section VI – Updating 
Update information in the Operation and Maintenance Manual annually, or whenever major 
changes have occurred. Updates can be done at any time, but It is required that the O&M 
Manual is updated at least every 5 years, within 180 days after a 5-year periodic inspection has 
been completed by the Dam Safety Office. 

Things to consider when updating include: 

• Update staff list of responsible individuals for the dam. 
• Increase/decrease the frequency of an examination or the maintenance routine based 

on the performance at the time of observation. 
• Add/subtract operation and maintenance information as changes are made at the dam. 
• Change the operation and/or maintenance procedure(s) based on performance at the 

time of the observation. 
• Alterations to the project data due to changes at the dam. 

Keep track of all locations where the O & M Manual is distributed, so that updates can be made 
at all locations. Locations that might be included are:  

• Dam site. 
• Dam tenders/owners personal copy. 
• Washington State Department of Ecology, Dam Safety Office.
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Appendix B – Product Data Sheet Template 
Below is an example of a project data sheet. Some dams may not have all of the components below. Before 
including the data sheet in the O&M Manual, please alter the data sheet to match the components and 
pertinent features specific to your dam and reservoir. 

General  

State I.D. No. 
 

Owner and Operator 
 

Location  
 

Construction Completed  

Major Modifications  

Purpose  

NID Condition Assessment  

Downstream Hazard Potential  

Downstream Flood Path  

Reservoir 

Watershed [stream name] / Offstream within ______ 

Drainage Area ___ acres / square miles  

WQ Pool Operating Elevation _______ feet  

Surface Area at WQ Pool ____ acres 

Inactive Storage at WQ Pool ____ acre-feet 

Spillway Weir Overflow Elevation _______ feet (weir within flow control riser) 

Surface Area at Spillway Overflow ____ acres 

Combined Storage at Spillway Overflow ____ acre-feet 

Dam Crest Elevation _______ feet  

Surface Area at Dam Crest ____ acres 

Combined Storage at Dam Crest ____ acre-feet 
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Dam Embankment 

Type [type and internal seepage/drainage controls] 

Structural Height ____ feet 

Hydraulic Height ____ feet 

Crest Elevation (typical) ____ feet  

Crest Elevation (minimum) ____ feet  

Elevation Datum Spillway / MH lid / [other] = ____ feet  

Crest Length ____ feet 

Crest Width ____ feet 

Upstream Slope ____ H:1V 

Downstream Slope ____ H:1V 

Reservoir 

Type [Concrete/material] flow control structure with 
interior baffle wall, / [material] riser, [open at top] 
[Concrete drop inlet with low-level outlet] 

Location Center of dam / right/left abutment  

Discharge Capacity ____ cfs at water level ____ feet 
____ cfs at water level ____ feet 
____ cfs at water level ____ feet 
____ cfs at water level ____ feet 

Riser Dimensions ____ feet x ____ feet dia. x _____ feet high 

Interior Riser ____ feet diameter 

Overflow Weir Length ____ feet 

Weir Overflow Elevation ____ feet  

Low Outlet Overflow Elevation ____ feet  

Intake Conduit – section ____ inch diameter [material] pipe 

Discharge Conduit – section ____ inch diameter [material] pipe 

Discharge Conduit – profile ____ feet long: ____ ft at slope ______ ft/ft, then 
____ feet at slope ____ ft/ft (__ H:1V) 

Drawdown Capacity ____ feet/day at water level ____ feet 

    (max drawdown at minimal inflow) ____ feet/day at water level ____ feet 
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Secondary Spillway 

Type [material]-lined open channel  

Location Center of dam / right/left abut / natural grnd 

Discharge Capacity ____ cfs at water level ____ feet 
____ cfs at water level ____ feet 
____ cfs at water level ____ feet 

Overflow Elevation ____ feet  

Overflow Control Section Base ____ feet, sides ___ H:1V, ___ ft deep 

Discharge Channel – section Base ____ feet, sides ___ H:1V, ___ ft deep 

Discharge Channel – profile ____ feet long: ____ ft at slope ______ ft/ft, 
then ____ feet at slope ____ ft/ft (__ H:1V) 

Inflow Design Flood – Discharge ____ cfs 

Inflow Design Flood – Storm Step _, _% PMP; Shrt/Intm/Long, hi int/vol 

Inflow Design Flood – Precipitation 2/6/24 hr = ___ inch, 6/18/72 hr = ___ inch 
(as calculated per Technical Note 3, 1993/2009) 

Emergency/Auxiliary Spillway 

Type [material]-lined open channel  

Location Center of dam / right/left abut / natural grnd 

Discharge Capacity ____ cfs at water level ____ feet 
____ cfs at water level ____ feet 
____ cfs at water level ____ feet 

Overflow Elevation ____ feet  

Overflow Control Section Base ____ feet, sides ___ H:1V, ___ ft deep 

Discharge Channel – section Base ____ feet, sides ___ H:1V, ___ ft deep 

Discharge Channel – profile ____ feet long: ____ ft at slope ______ ft/ft, 
then ____ feet at slope ____ ft/ft (__ H:1V) 

Inflow Design Flood – Discharge ____ cfs 

Inflow Design Flood – Storm Step _, _% PMP; Shrt/Intm/Long, hi int/vol 

Inflow Design Flood – Precipitation 2/6/24 hr = ___ inch, 6/18/72 hr = ___ inch 
(as calculated per Technical Note 3 / HMR-57) 

Date of IDF Estimation  
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Outlet Works  

Type ____ inch diameter [material] pipe 

Location Principal spillway / center of dam / R/L abut  

Discharge Capacity ____ cfs at water level ____ feet 
____ cfs at flow depth ____ feet 

Flow Controls Upstream – [req’d: valve, gate, orifice, etc.] 
Downstream – [valve, gate, pump station] 

Intake Elevation ____ feet (pipe invert / centroid) 

Outlet Conduit – profile ____ feet long, slope ______ ft/ft 

Drawdown Capacity  
(max drawdown at minimal inflow) 

____ feet/day at water level ____ feet 
____ feet/day at water level ____ feet 

Diversion Channel [Diversion Ditch No. _____ / other ID] 

Location N/S/E/W edge of site / ____ ft/mi u/s of dam 

Diverted Drainage Area ___ acres / square miles 

Discharge Capacity ____ cfs at flow depth ____ feet 
____ cfs at flow depth ____ feet 

Channel cross-section Base width ___ feet, side slopes ___ H:1V, 
channel depth ____ feet 

Channel profile ____ feet long: ____ ft at slope ______ ft/ft, 
then ____ feet at slope ____ ft/ft 

Inflow Design Flood – Discharge   ____ cfs 

Inflow Design Flood – Storm Step _, _% PMP; Short thunderstorm 

Inflow Design Flood – Precipitation 2 hr = ___ inches, 6 hr = ___ inches 
(as calculated per Technical Note 3) 

Seepage Instrumentation and Monitoring  

Seepage control features ___ Clay core / Concrete core wall 
___ Chimney and/or blanket drain 
___ Drained buttress 
___ Toe drain 

Seepage measurement type V-notch / Trapezoidal weir 

Seepage measurement location Natural ground at toe of dam 
Right / Left side of [feature] 
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Appendix C – Monitoring Recording Forms 
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Data Form for Seepage 

Dam name:    

Owner name:    

Date Location 
Weir staff gauge 

reading 
(ft) 

Flow rate 
(gpm) 

Clarity 
(Clear,Cloudy,

or Muddy) 

Reservoir 
elevation (ft) 

Observer 
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Observation Well Data Form 

Dam name:    

Owner name:    

Date Location 
Elevation 

Top of 
Casing (ft) 

Depth to 
Water* (ft) 

Equivalent 
Water 

Surface 
Elev. 

(2 – 3) 

Previous 
Elevation 

(ft) 

Change in 
Elevation (4 

– 5) 

Reservoir 
Elevation 

(ft) 

(0) (1) (2) (3) (4) (5) (6) (7) 
        

        

        

        

        

        

        

        

        

        

        

        

        

Comments:    

  

*If dry, write “DRY”. If frozen, write “FROZEN”.  
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Settlement/Movement Monitoring Data 

Dam name:    

Owner name:    

 

 

Monument 
Number Date Elevation 

(ft) Total Settlement Lateral Displacement and 
Direction 

1 
2 
3 
4 
5 
6 
7 

  

None  
As 

Constructed  

None 
As 

Constructed 
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