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Dam Data Sheet

General

	Dam Name:
	Click here to enter text.

	State ID #:
	Click here to enter text.

	Owner & Operator:
	Click here to enter text.

	Location:
	Lat Click here to enter text.; Long Click here to enter text.

	
	County: Click here to enter text. Nearest City: Click here to enter text.

	Purpose of Dam:
	Click here to enter text.

	Construction History:
	Click here to enter text.

	Hazard Classification:
	Click here to enter text.

	Project Datum:
	Click here to enter text.


Reservoir

	Watershed:
	{Description}

	Drainage Area:
	{square miles}

	
	Elevation (ft)
	Surface Area (Ac)
	Total Storage (AF)
	Active Storage (AF)

	Minimum Operating Pool:
	Click here
	Click here
	Click here
	Click here

	Normal Pool:
	Click here
	Click here
	Click here
	Click here

	Maximum Pool (Design Storm):
	Click here
	Click here
	Click here
	Click here

	Brim-Full Pool:
	Click here
	Click here
	Click here
	Click here


Dam

	Dam Type:
	Click here to enter text.

	Height:
	{ft}                (downstream toe to crest)

	Crest Elevation:
	{In feet}

	Crest Length:
	{In feet}
	Crest Width: {ft}

	Upstream Slope (H:V):
	Click here to enter text.

	Downstream Slope (H:V):
	Click here to enter text.


Outlet Works

	Conduit:
	Click here to enter text.

	Control Gate (s)
	Click here to enter text.


Spillway(s)
	{Description of spillway}


[Insert any Maps Relative to Dam (location map, watershed map]
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1.0 GENERAL INFORMATION

1.1 OPERATION, MAINTENANCE, AND INSPECTION MANUAL INTRODUCTION
This document is the Operation, Maintenance and Inspection Manual (Manual) for {ENTER DAM NAME HERE}. The document provides procedures, guidance, and standard forms for the normal operation, maintenance, monitoring, and inspection of the facilities. 

If your dam is failing or is experiencing an unusual condition that may lead to failure, you should immediately activate your Emergency Action Plan (EAP). At a minimum, take the following actions:

· Call 911 and let the operator know what roads or buildings downstream of the dam may need to be blocked or evacuated.

· Call the MDE Dam Safety Division (410-537-3538)
· Call your Engineer
· Open drain valves or spillway gates to begin lowering the reservoir in a controlled manner.

The purpose of the Manual is to ensure adherence to operating procedures over long periods of time and during changes in operating personnel. The instructions will permit personnel, knowledgeable in reservoir operations but unfamiliar with the conditions at a particular dam, to operate the dam and reservoir at times when regular operating personnel cannot perform their normal duties. Throughout this Manual there are numerous recommendations to contact an engineer experienced in the design and construction of dams. The importance of these recommendations cannot be overstated. Dams are complex structures and the causes and remedies of certain problems may not be obvious. 

This Manual has been adapted from various similar products developed by State and Federal Dam Safety Agencies including:

· Montana Department of Natural Resources and Conservation, Model Operation and Maintenance Manual
· Ohio Department of Natural Resources, Operation, Maintenance and Inspection Manual for Dams, Dikes and Levees
· North Carolina Department of Environment and Natural Resources, Dam Operation, Maintenance and Inspection Manual
· US Fish & Wildlife Low Hazard Dams Standard Operating Procedures
Dams are complex structures subject to several forces that can cause failure. These forces are active over the entire life of the dam, and the fact that a dam has stood safely for years is not an indication that it will not fail.

Dams fail throughout the country every year, including, occasionally, in Maryland. In many cases, failure could have been prevented had these structures been properly maintained. Dams must not be thought of as part of the natural landscape, but as human-made structures, which must be designed, inspected, operated, and maintained accordingly. Maintenance is an ongoing process that not only involves such routine items as mowing the grass and clearing the trash rack, but also includes regularly inspecting the structure and properly repairing its components.

1.1.1 Dams in Maryland

The Annotated Code of Maryland Regulations (COMAR, 26.17.04) defines a dam as any obstruction, wall, or embankment, together with its abutments and appurtenant works, if any, in, along, or across any stream, heretofore or hereafter constructed for the purpose of storing or diverting water or for creating a pool upstream of the dam. 

Dams in Maryland range from six (6) to 296 feet high and are constructed of a variety of materials including earth, masonry, rockfill, and concrete. The dams vary in age from brand new construction to over 200 years old. The average dam in Maryland is 20 to 30 feet high, constructed of earth, with a drop inlet spillway, lake drain, and emergency/auxiliary spillway as shown in the generalized figure below. A glossary is provided to define certain common parts of a dam. Note that the terms “upstream” refers to the side of the dam where the lake/reservoir is located and “downstream” is the opposite side, additionally “right” and “left” are defined with the observer viewing the dam components from the crest and looking in the downstream direction, unless otherwise indicated.  
With the exception of minor routine maintenance (e.g., cutting grass, clearing debris, painting, seeding)Maryland law requires a permit issued by the Dam Safety Division of the Maryland Department of the Environment to “construct, reconstruct, or repair any reservoir, dam, or waterway obstruction, to make, construct, or permit to be made or constructed any change or addition to any reservoir, dam, or waterway obstruction, to make or permit to be made any change in, addition to, or repair of any existing waterway obstruction, or in any manner to change in whole or part the course, current, or cross section of any stream or body of water within the State, except tidal waters” [Annotated Code of Maryland, Environment Article 5-503]. The Dam Safety Division has developed Policy Memorandum No. 11 – “Activities Not Requiring Dam Safety Permit” to clarify which actions may require permitting. This policy memorandum is available on the Dam Safety Division’s website.
The engineering designs contained in the permit application, as well as the approved construction activities must be performed under the supervision of a registered professional engineer, practicing in accordance with the laws of Maryland and qualified in the field of dam design and construction. This person, designated the “Engineer-in-Charge” is responsible for assuring that the designs conform to the high standards of professional competence in the specialty of dam design and construction; and assure that the construction is carried out in strict accordance with the approved plans and specifications and under the provisions of the permit. 

If you propose to make a repair and are uncertain about permitting requirements, contact the Dam Safety Division for guidance. The Dam Safety Division can also provide guidance on selecting a qualified engineer, though the Department does not offer referrals to specific persons or companies. 

In general, the Department suggests that owners hire an engineer with more than five (5) years of experience and three (3) successful projects of similar nature/scope on dams of similar age, construction and hazard classification.


[image: image1]
1.2 PURPOSE AND DESCRIPTION OF DAM AND RESERVOIR
Click here to enter text. Describe in a few sentences why the dam was constructed and what the dam and reservoir are currently used for. Sometimes provided by MDE Dam Safety in an inspection report.
1.3 LOCATION AND ACCESS TO THE DAM AND FACILITIES

Click here to enter text. Provide instructions to access the dam, both from major roads, but also from within the park/property on which it is located. If certain keys, access codes or other similar items are needed, indicate so here and provide the code or location where the keys/code can be obtained. 
1.4 ASSIGNMENT OF RESPONSIBILITY

Click here to enter text. Describe in general terms what person or entity is responsible for the various aspects of maintaining, operating and inspecting the dam.
1.5 RECORD KEEPING
Proper documentation of the current condition and past performance of the dam is necessary to assess the adequacy of operation, maintenance, surveillance, and proposed corrective actions. A complete record or history of the investigation, design, construction, operation, maintenance, surveillance, periodic inspections, modifications, repair and remedial work should be established and maintained by the dam owner so that relevant data relating to the dam is preserved and readily available for reference. This documentation should commence with the initial site investigation for the dam and continue through the life of the structure. Records should be well organized, complete, and accurate, enabling easy understanding and evaluation of the recorded information. The MDE Dam Safety Division strives to keep as complete a record as possible for the dam, but this requires the cooperation of the dam owner and maintenance personnel to provide records of periodic maintenance and inspections.

Routine operation, maintenance and inspections should be fully documented. In addition to records of the actual operations, the operating record should include data relating to reservoir levels, storms and pools of record, inflow and outflow, drainage system discharge and structural behavior. If there are maintenance problems that require continuing remedial work, a thorough record of the work should be maintained, and a final report made after complete remedy of the problem.

The inspector should fill out a dated operations log form, which should be filed along with any photographs taken (which should also be dated). In addition to inspection observations, measurements of instrumentation (e.g., piezometers, reservoir staff gage elevations, flow measurements) and weather conditions (especially recent rains, extended dry spells and snow cover) should be systematically included in the inspection record. A sketch of the dam with problem areas noted is helpful.

Immediately following an inspection, observations should be compared with previous records to see if there are any trends that may indicate developing problems. If a questionable change or trend is noted, and failure is imminent, the owner should consult a professional engineer experienced in dam safety. Reacting quickly to questionable conditions will ensure the safety and long life of a dam and possibly prevent costly repairs.
Dam owners should periodically review all records associated with the dam (at least every 10 years) to determine if any changes have occurred over a long time, or if the existing design does not comply with current standards.
Records of inspections, observations and other actions at the dam must also be transmitted to the MDE Dam Safety Division within 60 days of the activity/observation, unless otherwise noted.

1.6 SECURITY AND PUBLIC SAFETY
Click here to enter text. Describe any security or public safety concerns that exist at the dam (e.g., spillways that may create hydraulic rollers, electrical generation facilities, mechanical equipment, past trespass incidents, etc.)
1.7 RESTRICTED AREAS

Click here to enter text. Describe areas at or around the dam that are restricted and who may enter. Also describe areas of the dam that are not necessarily restricted, but require certain health and safety equipment to enter (e.g., confined spaces). 
2.0 OPERATION PROCEDURES
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2.0 OPERATION PROCEDURES
1.8 RESERVOIR OPERATIONS

Click here to enter text. Describe the normal pool levels that are necessary to maintain the reservoir as intended (e.g., normal pool, minimum pool necessary to support a recreational use). Describe any users that draw water from the reservoir, the elevation of their intake, and describe any permit conditions that may apply from a Water Appropriation permit issued by MDE. 
1.9 FILLING SCHEDULE

Click here to enter text. If the lake is periodically raised (e.g., after winter drawdown) indicate the typical date/season when filling begins. Indicate a target date for filling the reservoir to full operating pool. If this section is not applicable, indicate “Not Applicable”
1.10 RELEASE SCHEDULE

Click here to enter text. If the lake is periodically lowered (e.g., after winter drawdown or for fisheries or recreational releases) indicate the typical dates/seasons when releases take place. Indicate a target date for lowering the reservoir to winter pool. If this section is not applicable, indicate “Not Applicable”
1.11 FLOOD OPERATION

Click here to enter text. Describe any normal reservoir operations that you may take during or before a heavy flood event. If no flood plan is in place, the following is suggested:
The dam owner and operator will track general weather trends and forecasts on a regular basis to provide forewarning for events that may result in heavy inflows into the reservoir and require adjustments to release rates. When operating in flood conditions, visits to the dam should be made at least twice daily and the dam should be inspected during each visit for indications of distress.

Conditions that are forecast that may result in activation of the dam’s EAP at Non-Failure Emergency (Level 1) (Rainfall exceeding 5 inches in 24 hours, 4 inches in 12 hours, 3 inches in 6 hours or the National Weather Service has issued a Flood Warning) should warrant consideration of lowering water levels in advance of the increased inflow. This may be accomplished by opening spillway gates or low-level outlets. Consider the impact of the increased flow on downstream persons, property, and natural resources. Prior to making releases, the following procedures should be considered:

1. Verify that the upstream area is free of debris.

2. Verify that the downstream discharge channel is free of debris.

3. Open the outlet works sluice gate to the appropriate level for the desired release rate. Use caution not to exceed the safe channel capacity or cause downstream flooding though excessive releases. 

4. After the desired release has been made, return the outlet works sluice gate to the fully closed position (or partially open if required to facilitate downstream releases).

5. When flooding is occurring the dam operator should visit at least twice daily, observe the water levels, adjust release rates, and check the condition of the dam.

When lowering the reservoir, the rate of lowering should not exceed twelve (12) inches per day to ensure the stability of the dam embankment, except in the case of an emergency.
1.12 CONTROL GATES

Click here to enter text. Describe the operation of gates/valves at the dam. Describe the number, their size and location, where keys, handles of other operating devices are stored, how many turns of a crank to open, direction of turns to open, normal opening levels, etc.
1.13 SPRING STARTUP PROCEDURE

Click here to enter text. Describe any normal procedures that must occur at the dam or in the reservoir in spring months. 
1.14 FALL SHUTDOWN PROCEDURE

Click here to enter text. Describe any normal procedures that must occur at the dam or in the reservoir in autumn months. 

3.0 MONITORING & INSPECTION
TABLE OF CONTENTS
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3.0 MONITORING & INSPECTION

1.15 TYPES AND FREQUENCY OF INSPECTIONS 
An effective inspection program is essential to identification of problems at the dam that require maintenance, repair or further evaluation. The program should involve four types of inspections:

· Periodic technical inspections (Comprehensive Dam Safety Review);
· Periodic regulatory inspections;
· Annual maintenance inspections; and
· Informal observations by project personnel as they operate the dam.

Periodic technical inspections are comprehensive inspections and reviews of the dam’s design and construction performed by engineering specialists engaged by the dam owner. These comprehensive inspections and reviews are recommended to take place at least once every five (5) to ten (10) years depending on the condition of the dam, the hazard potential, and the results of previous findings. These inspections should be coordinated with MDE Dam Safety. An example project scope of work is available from MDE Dam Safety upon request.
Periodic regulatory inspections are visual inspections with limited review of the dam design/construction/maintenance history and are performed by MDE Dam Safety Division personnel in conjunction with the dam owner and/or their engineer. These inspections are typically carried out at one (1) year intervals for High Hazard dams, three (3) year intervals for Significant Hazard dams, and five (5) to seven (7) year intervals for Low Hazard Dams.
Annual maintenance inspections are visual inspections completed by the dam owner or their engineer at least once every year. The inspection should include, at a minimum, a review of any potential new downstream development that may change the hazard potential (typically using online aerial image services like Google Earth), a visual inspection of the dam using the MDE Dam Safety Division Owner Checklist (Attachment A), and photographs of the dam. The results of this inspection should be transmitted to MDE Dam Safety within 60 days of the inspection. 

Informal Observations can occur year round at any time by any personnel that are operating or maintaining the dam. These personnel should feel empowered to check for deficiencies or unusual conditions and report them to the appropriate personnel. In addition, informal observations are recommended following certain events such as:

· Prior to a major storm or heavy snowmelt: check spillway, outlet channel, and riprap.

· During or after a severe storm: check spillway, embankment, outlet channels, and riprap to the extent practicable based on inspector safety.
· Earthquake: make complete inspection right after the event and weekly inspections for the next six weeks to detect any delayed effects (i.e. cracking, seepage, slumps, excessive settlement, etc.).

· If emergency conditions are observed, the responses outlined in the EAP should be implemented. Emergency conditions include erosion threatening the integrity of the dam, seepage that is cloudy or excessive, and/or extremely high water surfaces.
1.16 PERFORMING AN INSPECTION
Descriptions of new and existing conditions that may be observed during an annual maintenance inspection or during informal observations and the type of information to record are provided in 
Table 3-1. Additional information on potential dam problems, causes and recommendations is presented in Appendix B. Prior to each scheduled inspection (i.e., those other than informal observations) vegetation on the dam should be removed or mowed to a height of six (6) inches or less. At a minimum, for each annual maintenance inspection, the following are required:

1. Record the weather (current and notable weather conditions from past week), persons in attendance, reservoir water surface elevation, and gate positions/openings.

2. If the dam has instrumentation, monitor/complete measurements of all appropriate instruments.

3. Walk the entire length of the dam and inspect the following dam features looking for the conditions listed in Table 3-1.

a. Upstream slope;
b. Crest;
c. Downstream slope;
d. Downstream toe;
e. Abutment contacts;
f. Principal/Service spillway structure(s);
g. Emergency/Auxiliary spillway structure;
h. Downstream service and emergency spillway channels;
i. Low-level outlet; 
j. Internal drain pipes and weirs; and
k. Reservoir area.
4. Perform a visual inspection of the following structural features as appropriate for each dam for signs of changing conditions:

a. Check for debris in inlet structure and outlet conduit;
b. Check condition of concrete, metal, plastic or timber materials, note any deterioration;
c. Check condition of gates and operating mechanisms;
d. Check condition of fencing/security measures;
e. Check signs that warn public of hazards and restrictions; and
f. Check condition of, bulkheads, chain hoists, and lifting frames, confined space or fall protection equipment for signs of corrosion or disrepair.
5. Note areas to be painted.

6. Record results of the inspection on the checklist.
7. If conditions requiring maintenance are observed during the current inspection, perform the maintenance at the conclusion of the inspection, or make note to perform the maintenance in a reasonable period of time.

Table 3-1 Unusual Conditions or Deterioration to Look For During Inspections
(See Also Information in Appendix B)
	CONDITIONS TO LOOK FOR:
	WHAT TO RECORD IF FOUND:

	
	For all the conditions:

· new or existing

· change from previous observation

	Seepage

· Flowing water

· Lush vegetation

· Wet areas
	· size limits (width, length)

· clear or cloudy

· flow rate

· station, offset and elevation

	Erosion

· Gullies

· Scarps

· Riprap displacement
	· limits (width, length, depth)

· station, offset, and elevation

· estimate cause of erosion

· description of materials damaged

· estimated rate of erosion

	Embankment Movement

· Cracks

· Settlement

· Bulges

· Slides

· Misalignment of downstream toe or crest edge
	· limits (width, length, depth, height)

· station, offset, and elevation

· rate of change/movement

	Structure Movement

· Spillway walls

· Spillway control structure

· Outlet works
	· limits (width, length, displacement)

· station, offset, and elevation

· rate of change

	Operational Components

· Damage

· Deterioration

· Malfunction
	· description

· location

· impact of damage/malfunction on dam operation

	Excessive vegetation (tall vegetation, woody vegetation within 15 feet of dam embankment or 25 feet of control structure)
	· limits (width, length)
· station, offset, and elevation

· type of vegetation and special equipment necessary to remove

	Animal damage (burrows, beaver debris, etc.)
	· limits (diameter, depth)

· station, offset, and elevation

· signs of active rodent activity

	Damaged Concrete

· Cracks and Spalling

· Erosion

· Deterioration
	· limits (width, length, depth)

· station, offset, and elevation

· exposure of reinforcing steel

· indications of delamination (hollow sounding)


Table 3-1 Continued
	Damaged Gates/Valves
· Seized/Binding

· Excessive Leaks

· Material Deterioration


	· description

· location

	Damaged/Deteriorated Pipes/Conduits

· Blockages

· Collapse
· Leaks (into or out of)

· Material Deterioration


	· description

· location

· flow rate

· severity

	Safety

· Warning and Restriction Signage

· Fences/Gates/Bollards
· Fall Protection Equipment
	· description

· location

	Debris Buildup
	· location and limits

· approximate volume to be removed

	Vandalism / Trespassing
	· description

· location


1.16.1 RECOMMENDED INSPECTION EQUIPMENT/MATERIALS

The inspectors should use the appropriate equipment to perform the inspection. Suggested equipment for performing inspections include:

· Notebook and pencil – should be available so that observations can be written down at the time they are made, reducing mistakes and avoiding the need to return to the site to refresh the inspector’s memory.

· Inspection checklist – serves as a reminder of all important conditions to be examined.

· Digital camera – can be used to photograph field conditions. Photographs taken from the same vantage points as previous photographs can also be valuable in comparing past and present conditions. GPS enabled devices with timestamps are recommended.
· Small erasable board – can be used to note date, time, location and pertinent information in a photograph.
· Measuring tape – allows for accurate measurements so that meaningful comparisons can be made of movements (A clear plastic crack gauge is also recommended) 
· Flashlight – may be needed to inspect the interior of an outlet in a small dam.

· Tapping device – is used to determine the condition of support material behind concrete or asphalt faced dams by firmly tapping the surface of the facing material. Concrete fully supported by fill material produces a “click” or “bink” sound, while facing material over a void or hole produces a “clonk” or “bonk” sound. The device can be made from a 1-inch hardwood dowel with a metal tip firmly fixed to the tapping end or a length of reinforcing steel.

· Binoculars – useful for inspecting limited-access areas, especially on concrete dams.
· Water level indicator – used to measure water levels in observation wells.
· Volume container and timer – used to make accurate measurements of the rate of leakage.  Various container sizes may be required, depending on the flow rates.

· Stakes, flagging tape, grease pencils – used to mark areas requiring future attention and to stake the limits of existing conditions, such as wet areas, for future comparison.
· Hand-held GPS – particularly helpful when inspecting larger dams to collect positional data on locations of interest.
· Watertight boots – recommended for inspecting areas of the site where water is standing.

· Personal protective equipment (PPE) - Insect repellent, sunscreen, snake protection, other PPE as conditions dictate (e.g., air meters, harnesses, fall protection, personal floatation devices).

1.17 INSPECTION TIPS
The embankment slopes, spillway and outfall are the locations most likely to reveal a defect or deficiency during an inspection; however, the entire structure and adjacent areas should be inspected regularly, as problems may not be evident at the dam itself. Whenever the reservoir is emptied or the pool lowered, the upstream slope should be thoroughly inspected for settlement areas, rodent activity, sinkholes, or slides. The reservoir basin (bottom of the reservoir) should be inspected at this time for sinkholes or settlement as well.

As the inspector(s) criss-crosses the slopes during an inspection, they should look carefully for these items:

1. Cracks;
2. Slumps, slides;
3. Whirlpools (upstream slope); 
4. Wet areas, unusually lush vegetation, seepage flow (downstream slope); and
5. Missing slope protection.
The first four conditions may indicate serious problems within the embankment and should be immediately reported to appropriate personnel for further evaluation or emergency action.
Looking for and spotting cracks is difficult. The slope must be traversed in such a manner that the inspector is likely to walk over the cracks. Cracks may be only a fraction of an inch wide but two (2) or three (3) feet deep. A 20-foot long line of recently dislodged riprap along the upstream slope could indicate a crack underneath the riprap. Cracks indicate possible foundation movement, embankment failure, or a surface slide.

Slides and slumps are almost as difficult to spot as cracks. Their appearance is subtle, since there may be only minor settlement or bulging out from the normal slope. When the dam was constructed it may not have been uniformly graded by the bulldozer or grade operator. A good familiarity with how the slope looked at the end of construction helps identify new slides. A pre- and post-inspection comparison of new and older photographs can also help reveal changes in the slope over time. The lack of protection against wave action on the upstream slope can lead to erosion and the decrease of the embankment width and/or freeboard.

When walking on riprap, caution should be used to avoid losing one’s footing. In warmer months, snakes often bask on the warm rocks and present a potential hazard. 

Standing at one end of the dam and sighting along linear features (the water edge, curbs, guardrails, and fences) can indicate changes in the slope that may be from a displacement or slide/slump. Also, if a crack is seen, the crest and downstream slope in that area should be carefully inspected to note any other changes in that area on the embankment that could be associated with the upstream crack.

Frequent inspection of outlet conduits and riser structures are necessary to ensure the spillway is functioning properly. Note that these features are nearly always considered confined spaces and risers/control towers may present fall hazards. Accordingly, dam operation and maintenance staff must receive proper training and equipment to perform necessary inspections. A lack of desire or willingness to provide the training or obtain the safety equipment is not an acceptable excuse for neglecting to perform these inspections. Conduits that are 36 inches or more in diameter can typically be entered and visually inspected provided proper safety protocols are followed. Conduits having a diameter less than 36 inches can be inspected by remote controlled equipment such as a video camera mounted on a mobile vehicle. The conduits should be inspected for improper alignment (sagging), elongation and displacement at joints, cracks, leaks, surface wear, loss of protective coatings, corrosion, and blockage.

Problems with conduits occur most often at joints and special attention should be given to them during inspection. The joints should be checked for gaps caused by elongation or settlement and loss of joint-filler material. Open joints can permit erosion of embankment material or cause leakage of water into the embankment during flow. The outlet should be checked for signs of water seepage along the exterior surface of the pipe. A depression in the soil surface over the pipe may be a sign that soil is eroding from around the pipe, i.e. piping.
The safety of the dam inspector must be considered paramount. Harmful animals or insects, venomous snakes or thorny/poisonous vegetation may be encountered. Terrain is often steep, with uneven footings and potentially slippery surfaces. 
4.0 DAM INSTRUMENTATION
TABLE OF CONTENTS

4.0 DAM INSTRUMENTATION
4.1 General

4.2 Reservoir Staff Gage
4.3 Survey Monuments
4.4 Piezometers / Observation Wells
4.5 Weirs / Seepage Outfalls
4.0 DAM INSTRUMENTATION
1.18 GENERAL

Dam Instrumentation refers to a variety of devices installed within, on, or near the dam to monitor structural behavior during construction, initial filling and subsequent operation. Instruments provide a means for detecting and analyzing abnormal conditions that could lead to major problems.

This section describes the instrumentation at {ENTER DAM NAME}, the methods and frequency of data collection, transmittal of data, and procedures to evaluate the data. Timely evaluation of instrumentation readings is critical if an abnormal condition is to be detected, defined, and to allow for effective corrective action.

The following devices are the most common monitoring devices found:

1. Reservoir Staff Gage:  A graduated marker mounted on a structure within the reservoir or on a pole that is used to measure the water level in the reservoir.

2. Survey Monuments or Measurement Points. A set of defined points (to be surveyed during the dam’s life) from which the displacements that the dam undergoes may be measured.

3. Piezometers/Observation Wells. Used to measure the height of the water surface or hydrostatic pressure in the embankment.

4. Weirs and Seepage Outfalls. Measures the quantity of leakage occurring through the embankment and/or foundation.

Instrumentation and proper monitoring and evaluation are extremely valuable in determining the performance of a dam. Specific information that instrumentation can provide includes:

· Warning of a problem (i.e., settlement, movement, seepage, instability);

· Definition and analysis of a problem, such as locating areas of concern;

· Proof that behavior is as expected; and

· Evaluating remedial actions.

The dam owner/operator is the primary entity responsible for collecting and reporting instrumentation readings. The recommended frequency of reading the instrumentation is once per month. Results of the instrumentation monitoring should be transmitted to MDE Dam Safety within one (1) week. MDE Dam Safety, and the dam owner or their engineer should evaluate the results and determine if any follow-up actions are necessary. 
Instrumentation data should be collected by personnel trained specifically for the purpose, including training to recognize and immediately report any anomalies in the readings or measurements. Observation data should be properly tabulated for record-keeping purposes.

It is essential that instrumentation data be processed, reviewed, and assessed in a timely manner by specialists familiar with the design, construction, and operation of the project. Design information should be referred to in the evaluation of possible adverse trends. The performance observation data should be periodically analyzed to determine whether project structures are reacting as assumed in the design and to detect behavior conditions that may indicate the need for corrective action.

Maintenance of instrumentation systems requires that details of the installation be available for clear understanding of its functioning. A complete history of past repairs, testing, readings, and analyses should be available as pertinent reference data in the evaluation of current instrumentation data.

A plan indicating the instrumentation locations at the dam is provided below:

[insert plan, schematic diagram, photos, and/or written description of instrumentation]
Instruments should be examined periodically for proper functioning. The adequacy of the installed instrumentation should be assessed from time to time by specialists to determine if it is sufficient to help evaluate the performance of the dam. When required, additional instrumentation should be installed to confirm suspicious trends or to explore an indicated potential adverse trend. 
1.19 RESERVOIR STAFF GAGE

Reservoir water surface elevations should be read to the nearest tenth of a foot. When reading the reservoir water surface on the staff gage is difficult due to windy conditions, the average water surface elevation observed over several minutes should be recorded as the reservoir elevation. A note should be recorded in the comment section that the weather conditions were windy at the time of the instrument reading.

[insert photo of staff gage at the dam]

If the reservoir staff gage is not firmly fixed, tighten the bolts or use other methods to firmly fix the gage. If necessary, remove and reinstall the gage making sure that the correct elevation is maintained. If the reservoir staff gage becomes damaged or illegible it should be replaced. In general, reservoir water surface elevations within one (1) foot of normal pool are considered normal; however each dam is different and the range of normal reservoir levels may be greater or lesser than one (1) foot. 
1.20 SURVEY MONUMENTS

Survey monuments should be surveyed by a licensed surveyor to measure offset and elevations of the embankment measurement points and northing, easting, and elevation of the horizontal and vertical control points to the nearest 0.01-foot. The reservoir water surface elevation should be recorded at the time of the survey. The surveyor should tabulate the results and provide a letter to the dam owner summarizing the survey. 

[insert table of allowable or actionable changes in monument readings]

[Insert photo of typical monument at the dam.]
1.21 PIEZOMETERS / OBSERVATION WELLS
Monitoring wells measure the water level in the soil adjacent to the slotted portion of the well. Monitoring wells should be read monthly, and the depth to water should be recorded to the nearest 0.1 foot. Monitoring well installation logs are provided in Appendix D. Forms for recording the well readings are provided in Appendix A. The following procedure is recommended for reading the water level in a piezometer:

1. Prior to reading the piezometers, record the reservoir water surface elevation by reading the staff gage. Record the reservoir water surface elevation.

2. Unlock and remove the steel cap from the casing and the plastic cap from the observation well’s PVC riser pipe. It is recommended that the plastic cap be placed in a clothing pocket to avoid losing the cap in the thick grass around the piezometer casing.

3. Lower the probe end of the water level indicator down the riser pipe until the indicator alert (beeper) sounds. Raise and lower the probe until the exact point of contact is determined.

4. Read the water depth from the top of the PVC pipe to the water surface. Read the depth in feet to the nearest 0.1 foot. Also, record the distance from the top of the PVC pipe to the ground surface. Place a black mark on the PVC with a permanent marker to ensure the readings are obtained from the same location each time. 
5. Record the depth reading.

6. Replace the cap on the riser pipe. Replace and lock the cap on the casing.

7. Repeat steps 3 through 7 for each piezometer.
8. Create a time plot of water elevation measured in the observation wells versus time. Compare the current readings to historic ranges to observe for unusual changes.
[Insert photo of typical well at the dam]

Sediment sometimes builds up within the PVC pipe of a piezometer. This can cause inaccurate readings. To remove the sediment, gently agitate the sediment with a pipe or wire that is longer than the piezometer is deep. Be careful not to damage the piezometer screen or loosen the joints of the piezometer pipe. Then bail the water and sediment with an appropriately sized well bailer. A bailer is a cylindrical tube fitted with a valve at the bottom that is used to remove fluid from a well. Fill the piezometer with water and repeat until the bailed water is relatively clear, or the pipe can be lowered to the bottom of the piezometer without “feeling” sediment.  

Steel casings should be painted or otherwise protected against corrosion. Each piezometer casing should be numbered according to the appropriate numbering for the installation. The number should be written or stenciled paint on the top of the casing cap and pipe. Re-paint any number if it becomes illegible. The casing cap should be kept locked to prevent vandals from dropping rocks or other objects into the casings or riser pipes. Caps for the observation well’s riser pipes should be replaced if lost or stolen. The riser pipes should be repaired if damaged.

1.22 WEIRS / SEEPAGE OUTFALLS
For outfall drains equipped with weirs, the amount of seepage is calculated by measuring the depth of flow using the staff gage mounted upstream of a V-notch weir or Parshall flume. Measuring the depth by inserting a tape measure into the flowing water can provide an erroneous reading. Measure the depth using the staff gauge to the nearest hundredth of a foot and record the data. 

For drain outfalls not equipped with a flow measuring device, the amount of seepage discharging from the underdrain system can be calculated by placing a five (5)-gallon bucket or other type of container of known volume under the outfall and measuring the time it takes to fill the container. Record the data and convert it to the appropriate gallons per minute (gpm) value. Compare the data with previously recorded seepage rates and observations to determine if there are changes over time (e.g., increasing flow, decreasing flow, flow rates vary significantly with precipitation or lake level changes).
[Insert photo of typical weir or outfall at the dam]

[Insert rating curve(s) for weirs/outfalls]

The drain discharge rates are expected to fluctuate with reservoir water levels. As the reservoir water level rises, the drain discharge rates should also increase. Drain discharge rates are considered normal so long as this general trend is observed, the discharge rate for a given reservoir elevation is relatively consistent (+/- 25 percent), and the discharge water is clear. 
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5.0 MAINTENANCE

1.23 CRITICAL CONDITIONS

The following conditions are critical and require immediate repair or maintenance under the direction of a qualified engineer retained by the dam owner. Emergency authorization can be made to start necessary repairs in the event of an imminent dam failure or to prevent an emergency from worsening. Once the emergency has been abated, a Dam Safety permit must be obtained after-the-fact. The critical repairs or maintenance need to address the specific conditions encountered and are not covered in this Manual. Critical conditions should trigger a response as outlined in the EAP.

· Erosion, slope failure or other conditions that are endangering the integrity of the dam;
· Piping or internal erosion as evidenced by increasingly cloudy seepage or other symptoms;
· Spillway blockage or restriction; or
· Excessive or rapidly increasing seepage appearing anywhere near the dam site.

1.24 PERIODIC MAINTENANCE

The following items should be noted during normal inspections and added to the work schedule for maintenance/repair as soon as possible:

· Remove bushes and trees from the embankment and abutments;
· Repair erosion gullies;
· Repair defective gates or valves;
· Repair deteriorated concrete or metal components; and
· Maintain riprap or other erosion protection.
Continued maintenance should also be performed for the following items:

· Test, clean and lubricate gates and valves;
· Inspect and maintain instrumentation and gauging equipment; and
· Remove debris from embankment face and from areas around the intake structures.
1.25 ROUTINE EMBANKMENT MAINTENANCE
1.25.1 General
The establishment and control of proper vegetation is an important part of dam maintenance. Properly maintained vegetation can help prevent erosion of embankment and earth channel surfaces and aid in the control of groundhogs and muskrats. The uncontrolled growth of vegetation can damage embankments and concrete structures and make close inspection difficult. Equally important is maintenance of a grass lined emergency/auxiliary spillway – which must be maintained with at least the same level of effort as the dam embankment.
1.25.2 Grass

Properly maintained grass vegetation is an effective and inexpensive way to prevent erosion of embankment surfaces. If properly maintained it also provides a surface that can be easily inspected. Roots and stems tend to trap fine sand and soil particles, forming an erosion-resistant layer once the plants are well established. Grass vegetation is least effective in areas of concentrated runoff, such as the contact of the embankment and abutments, or in areas subject to wave action.
Although crown vetch and sericea lespedeza in the past have been used as vegetative cover on some dams in Maryland, they are no longer acceptable on dams. Both obscure the embankment surface preventing early detection of cracks, erosion, and other damage. With crown vetch, large weeds, brush, and trees can become established and periodic hand labor is then required to remove unwanted tall or woody vegetation. Crown vetch is not effective in preventing erosion.
The Maryland 2011 Standards and Specifications for Soil Erosion and Sediment Control should be consulted to determine appropriate herbaceous seeding mixtures for permanent stabilization. Refer to section B-4-5, in particular the "Dikes and Dams" row from table B.2.
Long grasses (greater than 12 inches in length) can make a visual inspection nearly impossible and can hide serious problems such as rodent activity, embankment slides, and cracking; all of which can lead to the failure of the dam. For these reasons, the grass should be mowed to a minimum height of 3 inches. The last mowing of the season should be accomplished under conditions that will allow the grass to grow approximately 8 to 10 inches by the winter season. It is important to ensure that the entire dam, including zones extending 15 feet beyond the toe of the embankment, are mowed and maintained free of all woody growth and other obstructions. 

If the dam is mowed at regular intervals, the growth of saplings, trees, and brush will not become a problem. However, if the dam is not mowed regularly, the resulting growth will make it difficult to properly maintain and inspect the project.
1.25.3 Trees and Brush

Trees and brush should not be permitted on embankment surfaces or in vegetated earth spillways. Growth of brush and trees on an embankment will cause several problems: 

· It will obscure the surface of an embankment and prevent a thorough inspection of the dam;
· Large trees can be uprooted by high wind or erosion and leave large holes that can lead to breaching of the dam;
· Some root systems can decay and rot, creating passageways for water, causing erosion or piping of embankment material;
· Growing root systems can lift concrete slabs or structures;
· Trees, brush, and weeds can prevent the growth of desirable grasses; and
· Rodent habitats can develop as brush hides the burrows and provides protection. 

A general rule of thumb is that no trees or woody vegetation should be allowed within 15 feet of the dam or appurtenant structures. Additionally, trees should not be allowed within 25 feet of the control structure to reduce riser structure and foundation damage or obstruction potential. Consult the Dam Safety Division Policy Memorandum No. 1 on Trees and Woody Vegetation for more information on tree removal requirements.
Tree and brush growth adjacent to concrete walls and structures may eventually cause damage and should be removed. Where tall retaining walls are part of the dam structure, tree growth must not be allowed within a distance equal to the height of the wall, or 15 feet, whichever is greater.
1.25.4 Herbicides

Details concerning the regulation of "general purpose" and "restricted use" pesticides and licensing or certification requirements can be obtained from:

Maryland Department of Agriculture

Pesticide Regulation Section

50 Harry S. Truman Parkway

Annapolis, MD 21401.

(410) 841-5710
Where herbicide application is proposed in or adjacent to a waterway, permission must also be granted by the MDE, Industrial and General Permits Division. A “Request for Permission to use Toxic Substances for Aquatic Life Management Purposes” must be filed under authority of Environment Article §9-314(b) (4), Annotated Code of Maryland, and COMAR 26.08.03.02.

1.25.5 Roads Along Crest

Roads along or on the crest of dams should be maintained not only to keep the road in passable condition, but, more importantly, to prevent damage of the embankment. Roads on dams should be constructed with the proper subbase, base, and wearing surface. If a designed wearing surface has not been provided, traffic should not be allowed on the crest during wet conditions. Water collected in ruts may cause localized saturation thereby weakening the embankment. Ruts that develop in the crest should be repaired as soon as possible. The crest of the dam should be graded to direct all surface drainage into the impoundment. Road drainage should not result in concentrated flows directed at or along the dam embankment.
1.25.6 Erosion
Whether on a slope, at a groin area, i.e., where the face of a dam contacts the abutments, or at a spillway outlet, erosion is one of the most common maintenance problems of embankment structures. Erosion is a natural process, and its continuous forces will eventually wear down almost any surface or structure. Periodic and timely maintenance is essential in preventing continuous deterioration and possible failure.
Prompt repair of vegetated areas that develop erosion is required to prevent more serious damage to the embankment. Not only should the eroded areas be repaired, but also the cause of the erosion should be addressed to prevent a continuing maintenance problem. Erosion might be aggravated by improper drainage, settlement, pedestrian traffic, animal burrows, or other forces. The cause of the erosion will have a direct bearing on the type of repair needed.
1.25.7 Rip Rap / Upstream Slope Protection

An erosion problem called benching can develop on the upstream slope of a dam. Waves caused by high winds can erode the exposed face of an embankment by repeatedly striking the surface just above the pool elevation, rushing up the slope, then tumbling back into the pool. This action erodes material from the face of the embankment and displaces it down the slope, creating a “bench.” Erosion of unprotected soil can be rapid and, during a severe storm, could erode the dam.
Benching can occur in existing riprap if the embankment surface is not properly protected by a filter. Water running down the slope under the riprap can erode the embankment. Sections of riprap that have slumped downward are often signs of this kind of benching. Similarly, concrete facing used to protect slopes may fail because waves wash soil from beneath the slabs through joints and cracks. Detection is difficult because the voids are hidden, and failure may be sudden and extensive. Concrete facing is generally not recommended on dam embankments.
Effective slope protection must prevent soil from being removed from the embankment. When erosion occurs and benching develops on the upstream slope of a dam, repairs should be made as soon as possible after consulting with your engineer and MDE Dam Safety. 
A riprap layer should extend a minimum of three (3) feet below the lowest expected normal pool level. Otherwise, wave action during periods of low reservoir level will undermine and destroy the protection. If rock riprap is used, it should consist of a heterogeneous mixture of irregular shaped stone placed over gravel bedding. The biggest rock must be large and heavy enough to break up the energy of the maximum expected waves and hold smaller stones in place. (An engineer must be consulted to determine the proper size.) The smaller rocks help to fill the spaces between the larger pieces and to form a stable mass. The gravel bedding material prevents soil particles on the embankment surface from being washed out through the spaces between the rocks in the riprap. If the bedding material itself can be washed out through the voids in the riprap, graded layers of bedding material may be required with the lower layer finer than the top layer. 
Riprap should be monitored for deterioration from weathering. Freezing and thawing, wetting and drying, abrasive wave action, and other natural processes can break down the riprap material. In order to maintain a uniform riprap surface, reposition any riprap that becomes displaced, replace any riprap that becomes deteriorated or is missing, and remove any vegetation.
1.25.8 Rodent Control
If rodent burrowing is occurring at or near the dam, a program to trap nuisance animals should be developed and implemented. This program should be extended until such time that there is no evidence of new burrowing activities in the dam embankments. Creating conditions inhospitable to the rodents should be a goal of the program by ensuring that tall grasses, trees, vegetation at the water line are maintained. In some cases, lowering the pool level in the winter to expose muskrat burrows has been found to work.
The recommended method of backfilling a burrow in an embankment is mud-packing. This simple, inexpensive method can be accomplished by placing one or two lengths of metal stove or vent pipe in a vertical position over the entrance of the den. Making sure that the pipe connection to the den does not leak, the mud-pack mixture is then poured into the pipe until the burrow and pipe are filled with the earth-water mixture. The pipe is removed and dry earth is tamped into the entrance. The mud-pack is made by adding water to a 90 percent earth and 10 percent cement mixture until a slurry or thin cement consistency is attained. All entrances should be plugged with the well-compacted earth and vegetation re-established. Dens should be eliminated without delay because damage from just one hole can lead to failure of a dam or levee. 
Large active or collapsed burrows should be excavated to remove loose soil, and then filled with compacted lifts of the excavated soil or a new compatible borrow material. Prior to making any excavations into a dam embankment, the Dam Safety Division should be contacted to discuss permitting and engineering controls. Excavations should be conducted when water levels in the lake/reservoir are at a seasonal low. 

The installation of graded rip-rap “barriers” at the upstream slope of dams is recommended where muskrat problems exist. A properly constructed rip-rap filter and filter layer will discourage burrowing. The filter and rip-rap should extend at least three (3) feet below the water line. As the muskrat attempts to construct a burrow, the sand and gravel of the filter layer caves in and thus discourages den building. Heavy wire fencing laid flat against the slope and extending above and below the water line can also be effective. Eliminating or reducing aquatic vegetation along the shoreline will discourage muskrat habitation.
Beavers are persistent in their efforts to stop the flow of water, thus the Dam Safety Division recommends trapping and relocating beavers and frequent removal of beaver debris from spillways. Few, if any, structural means to prevent beavers from clogging spillways are adequate.

Consult the Maryland Department of Natural Resources for appropriate guidelines, rules, and time of year restrictions for hunting and trapping nuisance animals.

1.25.9 Vandalism and Public Safety

Vandalism is a common problem faced by dam owners. Particularly susceptible to damage are the vegetated surfaces of the embankment, mechanical equipment, and riprap. Theft of manhole covers, gratings, aluminum stoplogs, and other removable metal items is a growing problem. Precautions should be taken to limit access to the dam by unauthorized persons and vehicles. 

Dirt bikes, motorcycles, and four-wheel drive vehicles can severely damage the vegetation on embankments. Worn areas could lead to erosion and more serious problems. Constructed barriers such as fences, gates, and cables strung between poles are effective ways to limit access of these vehicles. Boulders or a highway metal guardrail constructed near the toe of the downstream slope is an excellent means for keeping vehicles off embankments. However, these features may interfere with the operation of mowing equipment. 

Mechanical equipment and its associated control mechanisms should be protected. Buildings housing mechanical equipment should be sturdy, have protected windows, have heavy-duty doors, and should be secured with deadbolt locks or padlocks. Detachable controls such as handles and wheels should be removed when not in use and stored inside. Other controls should be secured with locks and heavy chains, where possible. 

Rock used as riprap around dams is often thrown into the reservoir, spillways, stilling basins, pipe spillway risers, and elsewhere. Riprap is often displaced by fishermen to form benches. The best way to prevent this abuse is to use rock too large and heavy to move easily or to slush grout the riprap to hold it in place. Otherwise, the rock must be constantly replenished and other damages repaired. 
Owners should be aware of their responsibility for public safety, including the safety of people not authorized to use the facility. "No Trespassing" signs should be posted, and fences and warning signs should be erected around dangerous areas. Where weir-type spillways exist, the flow of water can be deceptively swift. Additionally, a “hydraulic roller” can form under certain flow conditions that will trap, and almost always drown a person caught in the roller. Where these conditions exist, signs or buoys warning of the weir should be installed and maintained. 
1.25.10 Recommended Embankment Maintenance Schedule

· Mow grass on dam embankment and emergency/auxiliary spillway. [At least twice annually, Spring and Fall]
· Fill erosion gullies with properly compacted cohesive soil material. Seed or riprap repaired area to stabilize from future erosion. [Within 30 days of first observation]
· Fill rodent burrows with slurry of soil, cement and water. Remove the rodents. [Within 30 days of first observation]
· Maintain grass cover by spraying weeds, fertilizing, and watering as needed. [As needed]
· Remove brush, bushes and trees from embankment and from within 15 feet of the groins,  15 feet of the toe of embankment, and 25 feet from the control structure. Consult MDE Dam Safety regarding removal of tree roots. [At least twice annually, Spring and Fall]
· Add or repair riprap where displacement or other damage occurs. [Annually]
· Maintain grading of the embankment crests to prevent potholes, rutting, or other potential for standing water to accumulate. [As needed]
· Maintain fences to provide site security and to exclude unwanted foot or vehicle traffic from the embankments. Repair and re-vegetate damaged embankment surfaces. [As needed]
· Perform regular inspections of the embankments and abutments to identify potential maintenance items. [At least monthly]
1.26 ROUTINE SPILLWAY AND CONTROL STRUCTURE MAINTENANCE
1.26.1 General

Structural spillway components (weirs, conduits, control structures) and mechanical equipment (spillway gates, sluice gates or valves, relief wells, emergency power sources, siphons) must be adequately maintained to ensure overall performance of the dam. 
Gate stems and couplings should be examined for corrosion, broken or worn parts, and damage to protective coatings. Fluidways, leaves, metal seats, guides, and seals of gates and valves should be examined for damage due to cavitation, wear, misalignment, corrosion, and leakage. Sump pumps should be examined and operated to verify reliability and satisfactory performance. Air vents for pipes, gates, and valves should be checked to confirm that they are open and protected. Wire rope or chain connections at gates should be examined for proper lubrication and worn or broken parts. Rubber or neoprene gate seals should be examined for deterioration, cracking, wear, and leakage. Hydraulic hoists and controls should be checked for oil leaks and wear. Hoist piston and indicator stems should be examined for contamination and for rough areas that could damage packings.
These elements are often difficult to visually inspect, therefore a change in effort to operate, new or increasing leaks, and other visual/auditory signs should be used to determine if a more thorough visual inspection is necessary.
1.26.2 Sluice Gates
Sluice gates (typically found in outlet control structures) as the “lake drain valve” should always be operable in order that the pool level can be drawn down in case of an emergency or for necessary repair. Maryland regulations require that all dams “include a device to allow draining of the reservoir within a reasonable amount of time”. The recommended procedure to ensure the smooth operation of outlet gates is to operate all gates through their full range at least once a year and preferably more often. Some manufacturers recommend operating gates as often as four times a year. Sluice gates that have not been operated for a long time present a special problem for dam owners. If the valve cannot be closed after it is opened, the impoundment could be completely drained. An uncontrolled and rapid drawdown could also induce more serious problems such as slides in the saturated upstream slope of the embankment. Large discharges could also cause downstream flooding. Therefore, before operating a valve or gate, it should be inspected and all appropriate parts lubricated and repaired. 
Operation of the gates minimizes the buildup of rust in the operating mechanism and therefore the likelihood of its seizure. During this procedure: 

· Check the mechanical parts of the hoisting mechanism—including drive gears, bearings, and wear plates—for adverse or excessive wear; 

· Check all bolts, including anchor bolts, for tightness; 

· Replace worn and corroded parts; and
· Make mechanical and alignment adjustments as necessary. 

The way the gate actually operates should also be noted. Rough, noisy, or erratic movement could be the first signs of a developing problem. The causes of operational problems should be investigated and corrected as soon as possible. 

Excessive force should be neither needed nor applied to either raise or lower a gate. Most hoisting mechanisms are designed to operate satisfactorily with a maximum force of 40 pounds on the operating handle or wheel. If excessive force seems necessary, something may be binding the mechanical system. Excessive force may result in increased binding of the gate or damage to the outlet works. If there does seem to be undue resistance, the gate should be worked up and down repeatedly in short strokes until the binding ceases or the cause of the problem should be investigated. 

If a gate does not properly seal when closed, debris may be lodged under or around the gate leaf or frame. Raise the gate at least two to three inches to flush the debris; then attempt to reclose the gate. This procedure should be repeated until proper sealing is achieved. However, if this problem or any other problem persists, consult a manufacturer’s representative or engineer experienced in gate design and operation. CAUTION: If, at any time, the sluice gates will not close, open or otherwise malfunction, stop operating the gate and determine the cause of the malfunction. Contact your engineer and the MDE Dam Safety Division before resuming gate operation. Do not try to force a malfunctioning gate to open or close; this may damage the gate and/or the lifting mechanism. 

An outlet gate’s operating mechanism should always be well-lubricated in accordance with the manufacturer’s specifications. Proper lubrication will not only reduce wear in the mechanism, but also protect it against adverse weather. Gates with oil-filled stems (i.e., stems encased in a larger surrounding pipe) should be checked at least twice annually to assure the proper oil level is maintained. If such mechanisms are neglected, water could enter the encasement pipe through the lower oil seal and could cause failure of the upper or lower seals, which in turn could lead to the corrosion of both the gate stem and the interior of the encasement pipe. 
The metal used in gate seats is usually brass, stainless steel, bronze, or other rust resistant alloys. Older or smaller gates may not be fitted with seats, making them susceptible to rusting at the contact surfaces between the gate leaf and gate frame. Operation of gates should prevent excessive rust buildup or seizure.

Any operational adjustments or repair of damaged components should be performed immediately. All mechanical parts of the sluice gates should be periodically lubricated in accordance with the manufacturer’s instructions. All gates should be repainted periodically. 

The following procedure should be used when exercising the sluice gate: 

1. Check operator, stem guide and gate attaching bolts for proper tightness. 

2. Apply tension to stem and check stem guides for proper alignment. Visually confirm that the clearance between the operating stem and all stem guides is uniform. 

3. Check gate guide groove and clean any foreign matter. Also, remove foreign matter from top of disc, especially between the disc and frame. 
4. Verify that the downstream discharge channel is clear of debris. 

5. Remove locking plates for sluice gates and open the gates in the following sequence. 

a. Barely open (crack) the sluice gate, then close the gate. 

b. Open the sluice gate 10 percent, then close. 

c. Open the sluice gate 25 percent, then close. 

d. Observe whether there is still water discharge through the pipes when the gates are closed completely. Record the observations. 

e. Fully open the sluice gate (if discharge from fully opened gate may cause flooding downstream or damage the plunge pool, use discretion and open to a lesser amount). 

f. Return the sluice gate to the fully closed position, or to the opening required to provide required releases. 

All exercising activities and results should be recorded. 
Many outlet gates are equipped with wedges that hold the gate leaf tightly against the gate frame as the gate is closed, thus ensuring a tight seal. Through years of use, gate seats may become worn, causing the gate to leak increasingly. If an installation has a wedge system, the leakage may be substantially reduced or eliminated by readjusting the wedges. Because adjustment of these gates is complicated, inexperienced personnel can cause extensive damage to one. Improper adjustment could cause premature seating of the gate, possible scoring of the seats, binding, vibration, leakage, uneven closing, or damage to wedges or gate guides. Thus, only experienced personnel should perform adjustments; consult a gate supplier or manufacturer to obtain names of persons experienced in such work.
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1.26.3 Concrete

Repair of deteriorated concrete should be discussed with your engineer and the MDE Dam Safety Division. Any vegetation observed growing from cracks in the concrete should be removed. 

Over time, concrete surfaces will weather, leaving the concrete rough to the touch, or will hold moisture on the surface. When this occurs, consider applying a protective coating to the concrete to help prevent moisture from entering the structure. By applying a protective coating to the concrete surface and sealing the cracks the chances of freeze/thaw damage will be greatly reduced, increasing the life expectancy of the structure. Prior to the application of a concrete sealer, the structure should be cleaned, existing cracks should be sealed with a flexible sealant, and any spalling repaired. Any sealer chosen for the concrete should be a water or solvent-based acrylic protective coating, which may be either clear or colored, and may be textured. 

Periodic maintenance should be performed on all concrete surfaces to repair deteriorated areas in coordination with your engineer and the MDE Dam Safety Division. Repair deteriorated concrete as soon as possible when noted; it is most easily repaired in its early stages. Deterioration can accelerate and, if left unattended, can result in serious problems. Consult an experienced engineer to determine both the extent of deterioration and the proper method of repair. Seal joints and cracks in concrete structures to avoid damage beneath the concrete. 

More serious damage such as spalling should be repaired as soon as it is identified, especially if steel reinforcing has been exposed. All surfaces to be patched need to be structurally sound, clean, and free of loose debris, oils, vegetation, paints, sealants, and other contaminants. Remove all deteriorated concrete to depth sufficient to avoid delamination of the repair (consult your engineer). Cut edges should be square with the concrete surface, and not feathered. Surfaces should be sufficiently rough to ensure a good bond. Any existing reinforcing bars should be thoroughly cleaned. If required, existing concrete should be removed to fully expose the reinforcing bar. Sandblasting may be required to clean them thoroughly. All surfaces should be fully saturated and freestanding excess water should be removed before applying the repair material. 

Visible cracking, scaling, or spalling are signs of concrete movement and stresses within the concrete. Cracks in concrete walls that are not repaired are subject to freeze/thaw damage, which widens the gap and leads to additional spalling of the concrete. When examining any concrete structures, spalling, scaling, or cracking should be minimal.

1.26.4 Metal

There may be two or more types of metal components at a dam. Galvanization and painting are common metal treatments. The galvanization process protects metals against corrosion. However, if corrosion does form, it should be completely removed with an appropriate method, and the area re-coated with a galvanizing touch-up product. 
Any corrosion that forms on painted metal components should be completely removed with an appropriate method, and the area re-coated with paint. 

When areas are repainted, ensure that paint does not get on gate seats, wedges, or stems (where they pass through the stem guides), or on other friction surfaces where paint could cause binding. Use heavy grease on surfaces where binding can occur. Because rust is especially damaging to contact surfaces, remove existing rust before the periodic application of grease.

1.26.5 Conduits and Pipes

Effective repair of a conduit or pipe defect such as a crack, open joint, or corrosion is difficult, and should not be attempted without consulting with your engineer and obtaining approval from the MDE Dam Safety Division. Careful planning and proper professional supervision is required.
1.26.6 Trash Racks

A well-designed trash rack will stop large debris that could plug the outlet pipe but allow unrestricted passage of water and smaller debris. Trash racks usually become plugged because the openings are too small, the design is prone to clogging (flat, horizontal racks), or the head loss at the rack causes material and sediment to settle and accumulate. Small openings will stop small debris such as pine needles, twigs, and leaves, which in turn cause a progression of larger items to build up, eventually completely blocking the inlet. Trash racks should be routinely inspected and accumulated debris removed. This is particularly important prior to significant rain events where unobstructed flow through the spillway is important to avoid overtopping of the dam.
Maintenance should also include periodically checking the rack for rusted and broken sections, and repairing as needed. The trash rack should be checked frequently during and after storm events, to ensure it is functioning properly and to remove accumulated debris.

1.26.7 Access Equipment

Many dams have structures above and below ground that require some type of access. Water supply outlet works, reservoir drains, gate spillways, drop box spillways, and toe drain manhole interceptors are typical structures that will require bridges, ladders, confined space entry equipment and procedures, fall protection equipment, or walkways. Care should be taken to properly design, install, and maintain these means of access for the safety of persons using them. State and local safety codes should be followed (e.g., confined space entry programs, permits, and procedures). Requirements for walkways may include toe plates and handrails. Fixed ladders should have proper rung spacing and safety climbing devices, if necessary. Access ladders, walkways, and handrails should be examined for deteriorated or broken parts or other unsafe conditions.
1.26.8 Recommended Maintenance Schedule

· Test gates and valves. [At least twice annually, Spring and Fall]
· Lubricate gates and valves. [Twice annually or as recommended by the manufacturer]
· Repair defective gates and valves to ensure smooth operation and prevent leakage. [As needed, consult with your engineer and MDE Dam Safety]
· Repair deteriorated concrete or metalwork. [As needed, consult with your engineer and MDE Dam Safety]
· Remove debris from the upstream face of the dam, trash racks, plunge pool and outlet channels [As needed and before/after heavy storms] 
· Repair or replace markings for staff gages, EAP trigger level indicators. [Within 30 days of first observation of problem]
APPENDIX A – MONITORING & INSPECTION FORMS
[INSERT WELL MEASUREMENTS FORM (AND SIMILAR) 

OPERATION LOG AND INSPECTION CHECKLIST ARE PROVDED]
	DAM OPERATIONS LOG
DAM NAME:

DATE OF REPORT:

WEATHER:

POOL LEVEL:

PERSONS PRESENT:



	Describe Operational Changes Made (e.g., adjust gates/valves):

	Describe Maintenance Activities Completed (e.g., mowing, exercise valve, repaint handrails):

	Describe General Observations Made:

	Other Items:


Dam: 
Weather: 
Date:
 

Inspectors: 


Pool Level: 
 

	MARYLAND DAM INSPECTION CHECKLIST
	Y
	N
	Monitor Repair

	1. CREST

	Ground cover in good condition
	
	
	

	Settlements Depressions Cracks
	
	
	

	2.  UPSTREAM SLOPE

	Ground cover in good condition
	
	
	

	Riprap in good condition
	
	
	

	Erosion Animal Burrows Trees Shrubs
	
	
	

	Settlements Depressions Bulges Cracks
	
	
	

	3.  DOWNSTREAM SLOPE

	Ground cover in good condition
	
	
	

	Erosion Animal Burrows Trees Shrubs
	
	
	

	Settlements Depressions Bulges Cracks
	
	
	

	Seepage 
gpm
	
	
	

	4.  INTERNAL DRAINAGE SYSTEM

	Seepage/drain flow: Left 
gpm  Right 
gpm Other 
gpm
	
	
	

	Does seepage contain fines?
	
	
	

	5.  ABUTMENT CONTACTS

	Trees Shrubs Erosion
	
	
	

	Seepage 
gpm
	
	
	

	6. SPILLWAY/RISER STRUCTURE
Concrete or Metal Pipe

	Spalling Cracking Corrosion Erosion Scaling Exposed Reinforcement
	
	
	

	Joints: Displacement Leakage Loss of joint material
	
	
	

	Trash racks: Operational Broken Bent Rusted Debris Obstructed
	
	
	

	Sluice/Drain gates: Operational Broken Bent Corroded Leaking
	
	
	

	7. SPILLWAY CONDUIT
Concrete or Metal Pipe

	Debris Cracking Leakage Spalling  Exposed reinforcement
	
	
	

	Joints: Displacement Leakage Loss of joint material
	
	
	

	8.  STILLING BASIN/PLUNGE POOL  Riprap or Concrete

	Spalling Cracking Erosion Scaling Exposed Reinforcement Joint Deterioration
	
	
	

	Undercutting Eroding
	
	
	

	Outlet channel condition:

	Tailwater elevation and flow condition:

	9.  EMERGENCY SPILLWAY

	Ground cover in good condition
	
	
	

	Erosion Trees Shrubs Obstructions
	
	
	

	OVERALL CONDITION:  Excellent  Good  Fair  Poor Unsafe


APPENDIX B – DAM PROBLEMS, CAUSES, RECOMMENDATIONS
Modified from “Texas Commission on Environmental Quality; Guidelines for Operation and Maintenance of Dams in Texas”
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Inspection Guidelines – Upstream Slope

	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Piping or internal erosion of embankment materials or foundation causes a sinkhole. The cave-in of an eroded cavern can result in a sinkhole. A small hole in the wall of an outlet pipe can develop into a sinkhole. Dirty water at the exit indicates erosion of the dam. Piping can empty a reservoir through a small hole in the wall or can lead to failure of a dam as soil pipes erode through the foundation or a pervious part of the dam. Dispersive soils are particularly susceptible to sinkholes.
	Inspect other parts of the dam for seepage or more sinkholes. Check seepage and leakage outflows for dirty water. A qualified engineer should inspect the conditions, identify the exact cause of sinkholes, and recommend further actions. Depending on the location in the embankment, the reservoir may need to be drawn down.

MDE DAM SAFETY NOTIFICATION REQUIRED
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	A portion of the embankment has moved because of loss of strength, or the foundation may have moved, causing embankment movement. Indicates onset of massive slide or settlement caused by foundation failure.
	Depending on embankment involved, draw reservoir level down. A qualified engineer should inspect the condition and recommend further actions.

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Earth or rocks move down the slope along a slippage surface because of too steep slope, or the foundation moves. Also, look for slide movements in reservoir basin. A series of slides can lead to obstruction of the inlet or failure of the dam.
	Evaluate extent of the slide. Monitor slide. Draw the reservoir level down if safety of dam is threatened. A qualified engineer should inspect the conditions and recommend further actions.

MDE DAM SAFETY NOTIFICATION REQUIRED

	Problem
	Probable Cause and Possible Consequences
	Recommended Actions

	Scarps, Benches, Oversteep Areas
	Wave action, local settlement, or ice action cause soil and rock to erode and slide to the lower part of the slope, forming a bench. Erosion lessens the width and possible  height of the embankment and could lead to seepage or overtopping of the dam
	Determine exact cause of scarps. Do necessary earthwork, restore embankment to original slope, and supply adequate protection (bedding and riprap).
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	Poor-quality riprap has deteriorated. Wave action or ice action has displaced riprap. Round and similar-sized rocks have rolled downhill. Wave action against these unprotected areas decreases embankment width.
	Determine cause of riprap deterioration. Do necessary work to reestablish normal slope (e.g., provide proper bedding material, use larger riprap, or grout riprap to maintain slope.
 Place bedding and competent riprap.
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	Similar-sized rocks allow waves to pass between them and erode small gravel particles and soil. Soil is eroded away from behind the riprap. This allows riprap to settle, offering less protection and decreased embankment width.
	Reestablish effective slope protection. Place bedding material.

MDE DAM SAFETY NOTIFICATION REQUIRED for design – for gradation and size for rock for bedding and riprap. A qualified engineer should inspect the conditions and recommend further actions.




Inspection Guidelines – Downstream Slope

	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	 Lack or loss of strength of embankment material. Loss of strength can be attributed to infiltration of water into the embankment or loss of support by the foundation. Massive slide cuts through crest or upstream slope reducing freeboard and cross-section. Structural collapse or  overtopping can result


	1. Measure extent and displacement of slide. If continued movement is seen, begin lowering water level until movement stops.

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

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Uneven movement between adjacent segments of the embankment. 

2. Deformation caused by structural stressor instability. 

3. Can provide a path for seepage through the embankment cross- section. 

4. Provides local area of low strength within embankment. Future structural movement, deformation or failure could begin. 

5. Provides entrance point for surface runoff 
	1. Inspect crack and carefully record crack location, length, depth, width and other pertinent physical features. Stake out limits of cracking. Engineer should determine cause of cracking and supervise all steps necessary to reduce danger to dam and correct condition.

2. Excavate slope along crack to a point below the bottom of the crack. Then, backfill excavation using competent material and correct construction techniques. This will seal the crack against seepage and surface runoff. This should be supervised by engineer. Continue to monitor crest routinely for evidence of future cracking.

MDE DAM SAFETY NOTIFICATION REQUIRED 


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Lack of adequate compaction. 

2. Rodent hole below. 

3. Piping through embankment or foundation. 

4. Presence of dispersive soils. 

5. Indicates possible washout of embankment.
	1. Inspect for and immediately repair rodent holes. Control rodents to prevent future damage. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Drying and shrinkage of surface material. 

2. Downstream movement or settlement of embankment. 

3. Can be an early warning of a potential slide. 

4. Shrinkage cracks allow water to enter the embankment and freezing will further crack the embankment. 

5. Settlement or slide, showing loss of strength in embankment that can lead to failure. 
	1. If cracks are from drying, dress area with well-compacted material to keep surface water out and natural moisture in. 

2. If cracks are extensive, a qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Proceeded by erosion undercutting a portion of the slope. Can also be found on steep slopes. Can expose impervious zone to erosion and lead to additional slumps.
	1. Inspect area for seepage. 

2. Monitor for progressive failure. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Water from intense rainstorms or snowmelt carries surface material down the slope, resulting in continuous troughs. Can be hazardous if allowed to continue. Erosion can lead to eventual deterioration of the downstream slope and failure of the structure.
	1. The preferred method to protect eroded areas is rock or riprap. 

2. Reestablishing protective grasses can be adequate if the problem is detected early. 
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	Natural vegetation in area. Large tree roots can create seepage paths. Large trees can blow over during storms and damage dam or cause breach. Bushes can obscure visual inspection and harbor rodents.
	1. Consult MDE Dam Safety Policy Memorandum No. 1 – Trees and Woody Vegetation
2. Control vegetation on the embankment that obscures visual inspection. 
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	Overabundance of rodents. Animal burrowing creates holes, tunnels, and caverns. Certain habitats, such as cattail-filled areas and trees close to the reservoir encourage these animals. 

Can reduce length of seepage path and lead to piping failure. If tunnel runs through most of the dam, it can lead to collapse.
	1. Control rodents to prevent more damage. 

2. Backfill existing rodent holes. 

3. Remove rodents. Determine exact location and extent of tunneling. Remove habitat and repair damages. 


Inspection Guidelines – Crest
	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Uneven settlement between adjacent sections or zones within the embankment. 

2. Foundation failure causing loss of support to embankment. 

3. Initial stages of embankment slide. 

4. Creates local area of low strength within an embankment. Could be the point of initiation of future structural movement, deformation or failure. 

5. Provides entrance point for surface runoff into embankment, allowing saturation of adjacent embankment area and possible lubrication which could lead to localized failure
	1. Inspect crack and carefully record location, length, depth, width, alignment, and other pertinent physical features. Immediately stake out limits of cracking. Monitor frequently. 

2. Engineer should determine cause of cracking and supervise steps necessary to reduce danger to dam and correct condition. 

3. Effectively seal the cracks at the crest surface to prevent infiltration by surface water. 

4. Continue to routinely monitor crest for evidence of further cracking. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Material on the crest of dam expands and contracts with alternate wetting and drying of weather cycles. Drying cracks are usually short, shallow, narrow, and numerous. Point of entry for surface runoff and surface moisture, causing saturation of adjacent embankment areas. This saturation, and later drying of the dam, could cause further cracking.
	1. Seal surface cracks with a tight, impervious material. 

2. Routinely grade crest to proper drainage and fill cracks. 

3. Cover crest with non-plastic material (not clay) to prevent large variations in moisture content. 


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Vertical movement between adjacent sections of the embankment. 

2. Structural deformation or failure caused by structure stress or instability, or by failure of the foundation. 

3. Creates local area of low strength within embankment which could cause future movement. 

4. Leads to structural instability or failure. 

5. Creates entrance point for surface water that could further lubricate failure plane. 

6. Reduces available embankment cross-section. 
	1. Carefully inspect displacement and record its location, vertical and horizontal displacement, length and other physical features. Immediately stake out limits of cracking. 

2. Engineer should determine cause of displacement and supervise all steps necessary to reduce danger to dam and correct condition. 

3. Excavate area to the bottom of the displacement. Backfill excavation using competent material and correct construction techniques, under supervision of engineer. 

4. Continue to monitor areas routinely for evidence of cracking or movement. 

MDE DAM SAFETY NOTIFICATION REQUIRED

	[image: image20.png]Cave-n

on Crest





	1. Rodent activity. 

2. Hole in outlet conduit is causing erosion of embankment material. 

3. Internal erosion or piping of embankment material by seepage. 

4. Breakdown of dispersive clays within embankment by seepage waters. 

5. Void within dam could cause localized caving, sloughing, instability or reduced embankment cross-section. 

6. Entrance point for surface water. 
	1. Carefully inspect and record location and physical characteristics (depth, width, length) of cave-in. 

2. Engineer should determine cause of cave-in and supervise all steps necessary to reduce threat to dam and correct condition. 

3. Excavate cave-in, slope sides of excavation and backfill hole with competent material using proper construction techniques. This should be supervised by engineer. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Uneven movement between adjacent segments of the embankment. 

2. Deformation caused by structural stressor instability. 

3. Can provide a path for seepage through the embankment cross- section. 

4. Provides local area of low strength within embankment. Future structural movement, deformation or failure could begin. 

5. Provides entrance point for surface runoff to enter embankment.
	1. Inspect crack and carefully record crack location, length, depth, width and other pertinent physical features. Stake out limits of cracking. 

2. Engineer should determine cause of cracking and supervise all steps necessary to reduce danger to dam and correct condition. 

3. Excavate crest along crack to a point below the bottom of the crack. Then backfilling excavation using competent material and correct construction techniques. This will seal the crack against seepage and surface runoff. This should be supervised by engineer. 

4. Continue to monitor crest routinely for evidence of future cracking. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Movement between adjacent parts of the structure. 

2. Uneven deflection of dam under loading by reservoir. 

3. Structural deformation or failure near area of misalignment. 

4. Area of misalignment is usually accompanied by low area in crest which reduces freeboard. 

5. Can produce local areas of low embankment strength which may lead to failure. 
	1. Establish monuments across crest to determine exact amount, location, and extent of misalignment. 

2. Engineer should determine cause of misalignment and supervise all steps necessary to reduce threat to dam and correct condition. 

3. Following remedial action, monitor crest monuments according to a schedule to detect any movement. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Excessive settlement in the embankment or foundation directly beneath the low area in the crest. 

2. Internal erosion of embankment material. 

3. Foundation spreading to upstream and/or downstream direction. 

4. Prolonged wind erosion of crest area. 

5. Improper final grading following construction. Reduces freeboard available to pass flood flows safely through spillway. 
	1. Establish monuments along length of crest to determine exact amount, location, and extent of settlement in crest. 

2. Engineer should determine cause of low area and supervise all steps necessary to reduce possible threat to the dam and correct condition. 

3. Reestablish uniform crest elevation over crest length by filling in low area using proper construction techniques. This should be supervised by engineer. 

4. Reestablish monuments across crest of dam and routinely monitor monuments to detect any settlement. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Inhibits easy access to all parts of crest. 

2. Allows continued development of rutting. 

3. Allows standing water to collect and saturate crest of dam. 

4. Operating and maintenance vehicles can get stuck. 
	1. Drain standing water from ruts. 

2. Regrade and recompact crest to restore integrity and provide proper drainage to upstream slope. 

3. Provide gravel or road base material to accommodate traffic. 

4. Periodically maintain and regrade to prevent ruts reforming. 


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Poor grading and improper drainage of crest. Improper drainage causes surface runoff to collect and drain off crest at low point in upstream or downstream shoulder. 

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

3. Can reduce available freeboard. 

4. Reduces cross-sectional area of dam. 

5. Inhibits access to all parts of the crest and dam. 

6. Can result in a hazardous condition if due to overtopping. Heavy vehicle traffic without adequate or proper maintenance or proper crest surfacing.
	1. Restore freeboard to dam by adding fill material to low area, using proper construction techniques. 

2. Regrading crest to provide proper drainage of surface runoff. 

3. If gully was caused by overtopping, create adequate spillway that meets current design standards. This should be done by engineer. 

4. Reestablish protective cover. 
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	1. Poor grading and improper drainage of crest. 

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

3. Causes localized saturation of the crest. 

4. Inhibits access to all parts of the dam and crest. 

5. Becomes progressively worse if not corrected. 


	1. Drain standing water from puddles. 

2. Regrade and recompact crest to restore integrity and provide proper drainage to upstream slope. 

3. Provide gravel or road base material to accommodate traffic. 

4. Periodically maintain and regrade to prevent low areas reforming. 


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Neglect of dam and lack of proper maintenance procedures. 

1. Obscures large parts of the dam, preventing adequate, accurate visual inspection of all parts of the dam. Problems which threaten the integrity of the dam can develop and remain undetected until they progress to a point that threatens the dam’s safety. 

2. Associated root systems develop and penetrate into the dam’s cross section. When the vegetation dies, the decaying root systems can provide paths for seepage. This reduces the effective seepage path through the embankment and could lead to possible piping situations. 

3. Prevents easy access to all parts of the dam for operation, maintenance and inspection. 

4. Provides habitat for rodents. 

5. Large trees can blow over during storms, resulting in damage and possible breach of the dam. 
	1. MDE Dam Safety policy requires that no trees or woody vegetation be allowed to grow on the dam or within 15 feet. CONSULT MDE DAM SAFETY TO DETERMINE REMOVAL REQUIREMENTS 

2. Grass should be encouraged on all segments of the dam to prevent erosion by surface runoff. 

3. Future undesirable growth should be removed by cutting or spraying, as part of an annual maintenance program. 

4. All cutting or debris resulting from the vegetative removal should be immediately taken from the dam and properly disposed of outside the reservoir basin. An engineer should be involved if the tree removal process poses a threat to the dam.


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Burrowing animals. 

1. Entrance point for surface runoff to enter dam. Could saturate adjacent portions of the dam. 

2. Especially dangerous if hole penetrates dam below phreatic line. During periods of high storage, seepage path through the dam would be greatly reduced and a piping situation could develop. Tunnels can lead to collapse of crest and possible failure. 


	1. Completely backfill the hole with competent well-compacted material (i.e., mud-packing). 

2. Initiate a rodent control program to reduce the burrowing animal population and to prevent future damage to the dam. 




Inspection Guidelines – Embankment Seepage Areas
	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Water has created an open pathway, channel or pipe through the dam. The water is eroding and carrying embankment material. 

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

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

4. Continued flows can saturate parts of the embankment and lead to slides in the area. 

5. Continued flows can further erode embankment materials and lead to failure of the dam. 
	1. Begin measuring outflow quantity and establishing whether water is getting muddier, staying the same or clearing up. 

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

3. Search for opening on upstream side and plug if possible. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Severe drying has caused shrinkage of embankment material. 

2. Settlement in the embankment or foundation is causing the transverse cracks. Flow through the crack can cause failure of the dam. 


	1. Plug upstream side of crack to stop flow. 

2. Lower water level in the reservoir immediately until below level of cracks. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Frost layer or layer of sandy material in original construction. 

1. Wetting of areas below the area of excessive seepage can lead to localized instability of the embankment, resulting in slides. 

2. Excessive flows can lead to accelerated erosion of embankment materials and failure of the dam. 
	1. Determine as closely as possible the flow being produced. 

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

3. Stake out the exact area involved. 

4. Using hand tools, try to identify the material allowing the flow. 

5. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Some part of the foundation material is supplying a flow path. This could be caused by a sand or gravel layer in the foundation. Increased flows can lead to erosion of the foundation and failure of the dam.
	1. Examine the boil for transportation of foundation materials. 

2. If soil particles are moving downstream, sandbags or earth should be used to create a dike around the boil. The pressures created by the water level with the dike may control flow velocities and temporarily prevent further erosion. 

3. If erosion is becoming greater, the reservoir level should be lowered. 

4. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. Water flowing through pathways in the abutment. 

2. Water flowing through the embankment. Can lead to erosion of embankment materials and failure of the dam. 
	1. Study leakage area to determine quantity of flow and extent of saturation. 

2. Inspect daily for developing slides. 

3. Water level in reservoir may need to be lowered to assure the safety of the embankment. 

4. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	A seepage path has developed through the abutment or embankment materials and failure of the dam can occur. 

1. Increased flows could lead to erosion of embankment material and failure of the dam. 

2. Saturation of the embankment can lead to local slides which could cause failure of the dam. 
	1. Stake out the saturated area and monitor for growth or shrinking. 

2. Measure any outflows as accurately as possible. 

3. Reservoir level may need to be lowered if saturated areas grow at a fixed storage level or if flow increases. 

4. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Embankment materials are supplying flow paths. 

2. Natural seeding by wind. 

3. Change in seed type during early post-construction seeding. Can show a saturated area. 


	1. Use probe and shovel to establish if the materials in this area are wetter than surrounding areas. 

2. If area shows wetness, when surrounding areas are dry or drier, a qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Downstream embankment materials have begun to move. Failure of the embankment resulting from massive sliding can follow these early movements.
	1. Compare embankment cross- section to the end of construction condition to see if observed condition may reflect end of construction. 

2. Stake out affected area and accurately measure outflow. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Water moving rapidly through the embankment or foundation is being controlled or contained by a well- established turf root system. Condition shows excessive seepage in the area. If control layer of turf is destroyed, rapid erosion of foundation materials could result in failure of the dam.
	1. Carefully inspect the area for outflow quantity and any transported material. 

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

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Water moving through cracks and fissures in the abutment materials. Can lead to rapid erosion of abutment and evacuation of the reservoir. Can lead to massive slides near or downstream from the dam.
	1. Carefully inspect the area to determine quantity of flow and amount of transported material. 

2. A qualified engineer or geologist should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED


Inspection Guidelines – Spillways
	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Accumulation of slide materials, dead trees, excessive vegetative growth, etc., in spillway channel. 

Reduced discharge capacity; overflow of spillway, overtopping of dam. Prolonged overtopping can cause failure of the dam.
	Clean out debris periodically; control vegetative growth in spillway channel. Install log boom in front of spillway entrance to intercept debris.
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	Surface runoff from intense rainstorms or flow from spillway carries surface material down the slope, resulting in continuous troughs. Livestock traffic creates gullies where flow concentrates varies. 

Unabated erosion can lead to slides, slumps or slips which can result in reduced spillway capacity. Inadequate spillway capacity can lead to embankment overtopping and result in dam failure.
	Photograph condition. Repair damaged areas by replacing eroded material with compacted fill. Protect areas against future erosion by installing suitable rock riprap. Re-vegetate area if appropriate. Bring condition to the attention of the engineer during next inspection.
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	Discharge velocity too high; bottom and slope material loose or deteriorated; channel and bank slopes too steep; bare soil unprotected; poor construction protective surface failed. 

Disturbed flow pattern; loss of material, increased sediment load downstream, collapse of banks; failure of spillway; can lead to rapid evacuation of the reservoir through the severely eroded spillway.
	Minimize flow velocity by proper design. Use sound material. Keep channel and bank slopes mild. Encourage growth of grass on soil surface. Construct smooth and well- compacted surfaces. Protect surface with riprap, asphalt or concrete. Repair eroded portion using sound construction practices.


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Poor configuration of stilling basin area. Highly erodible materials. Absence of cut-off wall at end of chute. 

Structural damage to spillway structure; collapse of slab and wall lead to costly repair.
	Dewater affected area; clean out eroded area and properly backfill. Improve stream channel below chute; provide properly sized riprap in stilling basin area. Install cutoff wall.
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	Poor workmanship; uneven settlement of foundation; excessive earth and water pressure; insufficient steel bar reinforcement of concrete. 

Minor displacement will create eddies and turbulence in the flow, causing erosion of the soil behind the wall. Major displacement will cause severe cracks and eventual failure of the structure.
	Reconstruction should be done according to sound engineering practices. Foundation should be carefully prepared. Adequate weep holes should be installed to relieve water pressure behind wall. Use enough reinforcement in the concrete. Anchor walls to present further displacement. Install struts between spillway walls. Clean out and back flush drains to assure proper operations. Consult an engineer before actions are taken.
MDE DAM SAFETY NOTIFICATION REQUIRED
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	Construction defect; local concentrate distress; local material deterioration; foundation failure, excessive backfill pressure. Disturbance in flow patterns; erosion of foundation and backfill; eventual collapse of structure.
	Large cracks without large displacement should be repaired by patching. 

Surrounding areas should be cleaned or cut out before patching material is applied. Installation of weep holes or other actions may be needed.


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Excessive and uneven settlement of foundation; sliding of concrete slab; construction joint too wide and left unsealed. Sealant deteriorated and washed away. 

Erosion of foundation material may weaken support and cause further cracks; pressure induced by water flowing over displaced joints may wash away wall or slab, or cause extensive undermining.
	Construction joint should be no wider than 1/8”. All joints should be sealed with asphalt or other flexible materials. Water stops should be used where feasible. Clean the joint, replace eroded materials, and seal the joint. Foundations should be properly drained and prepared. Underside of chute slabs should have ribs of enough depth to prevent sliding. Avoid steep chute slope.

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Slope too steep; material poorly graded; failure of subgrade; flow velocity too high; improper placement of material; bedding material or foundation washed away. 

Erosion of channel bottom and banks; failure of spillway.
	Design a stable slope for channel bottom and banks. Riprap material should be well-graded (the material should contain small, medium and large particles). Subgrade should be properly prepared before placement of riprap. Install filter fabric if necessary. Control flow velocity in the spillway by proper design. Riprap should be placed according to specification. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Use of unsound or defective materials; structures subject to freeze-thaw cycles; improper maintenance practices; harmful chemicals. Structure life will be shortened; premature failure.
	Avoid using shale or sandstone for riprap. Add air-entraining agent when mixing concrete. Use only clean, good quality aggregates in the concrete. Steel bars should have at least 1.5" of concrete cover. Concrete should be kept damp and protected from freezing during curing.


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	No weep holes; no drainage facility; plugged drains. 

Wet foundation has lower supporting capacity; uplift pressure resulting from seepage water may damage spillway chute; accumulation of water may also increase total pressure on spillway walls and cause damage.
	Install weep holes on spillway walls. Inner end of hole should be surrounded and packed with graded filtering material. Install drain system under spillway near downstream end. Clean out existing weep holes. Back flush and rehabilitate drain system under the supervision of an engineer.

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Flow velocity too high (usually occurs at lower end of chute in high dams); rolling of gravel and rocks down the chutes; cavity behind or below concrete slab. 

Pockmarks and spalling of concrete surface may progressively worsen; small hole may cause undermining of foundation, leading to failure of structure.
	Remove rocks and gravels from spillway chute before flood season. Raise water level in stilling basin. Use good quality concrete. Assure concrete surface is smooth. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	1. Cracks and joints in geologic formation at spillway are permitting seepage. 

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

3. Could lead to excessive loss of stored water. 

4. Could lead to a progressive failure if velocities are high enough to cause erosion of natural materials. 


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

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

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

4. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions

	[image: image51.png]Too Much Leakage
From Spillway
Under Drains

‘ /

Seepage From a
Construction Joint
or Crack in Concrete
Structure





	Drain or cutoff may have failed. 

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

2. Uncontrolled flows could lead to loss of stored water. 
	1. Examine exit area to see if type of material can explain leakage. 

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

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

4. A qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Water is collecting behind structure because of insufficient drainage or clogged weep holes. 

1. Can cause walls to tip in and over. Flows through concrete can lead to rapid deterioration from weathering. 

2. If spillway is located within embankment, rapid erosion can lead to failure of the dam. 
	1. Check area behind wall for puddling of surface water. 

2. Check and clean as needed; drain outfalls, flush lines and weep holes. 

3. If condition persists, a qualified engineer should inspect the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED


Inspection Guidelines – Inlets, Outlets, Drains
	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Shortened seepage path or increased storage levels. 

1. Higher velocity flows can cause erosion of drain, then embankment materials. 

2. Can lead to piping failure. 
	1. Accurately measure outflow quantity and determine amount of increase over previous flow. 

2. Collect jar samples to compare turbidity. 

3. If either quantity or turbidity has increased by 25%, a qualified engineer should evaluate the condition and recommend further actions. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Settlement; impact. 

Excessive seepage, possible internal erosion.
	Check for evidence of water either entering or exiting pipe at crack, hole, etc. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Rust (steel pipe); erosion (concrete pipe); cavitation.
	Tap pipe in vicinity of damaged area, listening for hollow sound which indicates a void has formed along the outside of the conduit.

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Settlement or poor construction practice. Provides passageway for water or exit or enter pipe, resulting in erosion of internal materials of the dam.
	If a progressive failure is suspected, request engineering advice.

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	Excessive side pressures on non reinforced concrete structure. Poor concrete quality. 

Loss of outfall structure exposes embankment to erosion by outlet releases.
	1. Check for progressive failure by monitoring typical dimension, such as “D” shown in figure. 

2. Repair by patching cracks and supplying drainage around concrete structure. Outfall structure may need total replacement. 
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	Outlet pipe too short. Lack of energy-dissipating pool or structure at downstream end of conduit. 

Erosion of toe over steepens downstream slope, causing progressive sloughing.
	1. Extend pipe beyond toe (use pipe of same size and material, and form watertight connection to existing conduit). 

2. Protect embankment with riprap over suitable bedding. 

MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. BROKEN SUPPORT BLOCK Concrete deterioration. Excessive force exerted on control stem by trying to open gate when it was jammed. 

Causes control support block to tilt; control stem may bind. Control head works may settle. Gate may not open all the way. Support block may fail completely, leaving outlet inoperable. 

2. BENT/BROKEN CONTROL STEM Rust. Excess force used to open or close gate. Inadequate or broken stem guides. 

Outlet is inoperable. 

3. BROKEN/MISSING STEM GUIDES Rust. Inadequate lubrication. Excess force used to open or close gate when jammed. Loss of support for control stem. Stem may buckle and break under normal use (as in this example). 
	Any of these conditions can mean the control is either inoperable or, at best, partly operable. Use of the system should be minimized or discontinued. If the outlet system has a second control valve, consider using it to regulate releases until repairs can be made. Engineering help is recommended.
MDE DAM SAFETY NOTIFICATION REQUIRED


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions
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	1. A break in the outlet pipe. 

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

Continued flows can lead to erosion of the embankment materials and failure of the dam.
	1. Thoroughly investigate the area by probing and/or shoveling to try to determine cause. 

2. Determine if leakage water is carrying soil particles. 

3. Determine quantity of flow. 

4. If flow increases or is carrying embankment materials, reservoir level should be lowered until leakage stops. 

5. A qualified engineer should inspect the condition and recommend further actions. 

6. Investigate if there are any signs of settlement or sinkholes on the embankment along the alignment of the spillway pipe. 

MDE DAM SAFETY NOTIFICATION REQUIRED
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	Trash rack missing or damaged. 

Gate will not close. Gate or stem may be damaged in effort to close gate.
	Raise and lower gate slowly until debris is loosened and floats past valve. When reservoir is lowered, repair or replace trash rack.


	Problem
	Probable Cause and Possible Consequences
	Recommended Actions

	
	Ice action, rust, affect vibration, or stress resulting from forcing gate closed when it is jammed. 

Gate-leaf main fail completely, evacuating reservoir.
	Use valve only in fully open or closed position. Minimize use of valve until leaf can be repaired or replaced.

	
	Rust, erosion, cavitation, vibration or wear. 

Leakage and loss of support for gate leaf. Gate may bind in guides and become inoperable.
	Minimize use of valve until guides or seats can be repaired. If cavitation is the cause, check to see if air vent pipe exists, and is unobstructed.


APPENDIX C – MONITORING WELL INSTALLTION LOGS

[INSERT MONITORING WELL DRILLING AND INSTALLATION LOGS IF AVAILABLE]
APPENDIX D – PROJECT DRAWINGS

[INSERT AS-BUILT PROJECT DRAWINGS IF AVAILABLE]
APPENDIX E – EQUIPMENT MANUFACTURER’S DATA

[INSERT IF APPLICABLE AND AVAILABLE]
APPENDIX F – GLOSSARY

GLOSSARY


Abutment, dam:  That part of the valley wall against which the dam is constructed. Defined in terms of left and right as looking downstream from the reservoir.

Acre-feet:  A unit used to measure the volume of water, or amount of water needed to cover 1 acre (43,560 square feet) 1 foot deep (325,851 gallons).

Adverse consequences: Negative impacts that may result from the failure of a dam. The primary concerns are loss of human life, economic loss (including property damage), lifeline disruption, and environmental impact.

Air release valve:  A valve, usually manually operated, that is used to release air from a pipe or fitting.

Alkali-aggregate reaction:  A deterioration of concrete by which the alkali in cement reacts chemically with the silica present in some aggregates.

Ambursen Dam: A buttress dam in which the upstream part is a relatively thin flat slab usually made of reinforced concrete. 

Appurtenant Structure: A structure necessary for the operation of a dam such as outlets, trash racks, valves, spillways, power plants, tunnels, etc.
Apron:  A level section of concrete or riprap constructed upstream or downstream from a control structure to prevent undercutting of the structure.

Axis, dam:  A vertical plane or curved surface, appearing as a line in plan or cross section, to which horizontal dimensions can be referred.

Axis, dam (concrete):  A vertical reference surface coincident with the upstream face at the top of the dam.

Baffle block:  One of a series of upright obstructions designed to dissipate the energy of water flowing at high velocity as in the case of a stilling basin or drop structure (also referred to as dentate).

Balanced head condition:  The condition in which the water pressure on the upstream and downstream sides of an object are equal (such as an emergency or regulating gate).

Ball-milling:  The repeated churning action of cobbles, gravel, and sand caused by the force of water in a stilling basin or other structure by which severe concrete abrasion can occur.

Bank storage:  Water that has infiltrated from a reservoir into the surrounding land where it remains in storage until the water level in the reservoir is lowered.

Base Flow: The sustained portion of stream discharge that is drawn from natural sources, and not effected by human activity or regulation. 

Base thickness: Also referred to as base width. The maximum thickness or width of the dam measured horizontally between upstream and downstream faces and normal to the axis of the dam, but excluding projections for outlets or other appurtenant structures.
Beaching: The action of water waves by which beach materials settle into the water because of removal of finer materials.

Benchmark:  A permanent or temporary monument of known elevation above sea level, used for vertical control at construction site.

Berm:  A horizontal strip or shelf built into an embankment or cut to break the continuity of the slope, usually for the purpose of reducing erosion or to increase the thickness of the embankment at a point of change in slope or defined water surface elevation. Typically 10 to 15 feet in width. Also a step in a rock or earth cut
Breach: An eroded opening through a dam that drains the reservoir. A controlled breach is a constructed opening. An uncontrolled breach is an unintentional opening that allows uncontrolled discharge from the reservoir.

Bulkhead:  A one‑piece fabricated steel unit which is lowered into guides and seals against a frame to close a water passage in a dam, conduit, spillway, etc.

Camber:  The extra height added to the crest of embankment dams to ensure that the freeboard will not be diminished by foundation settlement or embankment consolidation. The amount of camber is different for each dam and is dependent on the amount of foundation settlement and embankment expected to occur.

Cavitation:  The formation of partial vacuums in fast‑flowing water caused by sub-atmospheric pressures immediately downstream from an obstruction or offset. Usually accompanied by noise and vibration.

Cavitation damage:  The attack on surfaces caused by the implosion of bubbles of water vapor.

Channel: A general term for any natural or artificial facility for conveying water.

Chute:  A conduit for conveying free-flowing materials at high velocity to lower elevations.

Clearance:  A procedure used to establish a safe environment for maintenance, repair, or inspection. It includes systematically isolating pertinent equipment from all sources of hazardous energy (hydraulic, electrical, mechanical, pneumatic, and chemical) and attaching safety tags or locks to the appropriate controls. In addition, it includes a written statement that documents isolation of the equipment. (Also referred to as “lockout” or "tagout")

Coating:  The protective material applied to the outer surface of metalwork.

Compaction: Mechanical action that increases the density by reducing the voids in a material.
Conduit:  A closed channel to convey water through, around, or under a dam.

Consequences: Potential loss of life or property damage downstream of a dam caused by floodwaters released at the dam or by waters released by partial or complete failure of dam. Also effects of landslides upstream of the dam on property located around the reservoir.
Core: A zone of material of low permeability, within an embankment, the purpose of which is to reduce the quantity of seepage through the dam. 

Core Wall: A wall built of relatively impervious material, usually of concrete or asphaltic concrete in the body of an embankment dam to prevent seepage. 

Crest:  The top surface of the dam. A roadway may be constructed across the crest to permit vehicular traffic or facilitate operation, maintenance, and examination of the dam. In addition, the high point of the spillway control section. The crest elevation is the low point along the axis of the dam (i.e., the elevation at the incipient point of overflow).
Crest Length: The measured length of the dam along the crest or top of dam.

Cross section: An elevation view of a dam formed by passing a plane through the dam perpendicular to the axis.
Crown:  The highest point of the interior of a circular conduit, pipe, or tunnel.

Cubic feet per second (cfs):  A  unit of discharge for measurement of a flowing liquid equal to a flow of 1 cubic foot per second, 449 gallons per minute, 1.98 acre-foot per day.

Curtain grouting:  The process of pressure grouting deep holes under a dam or in an abutment to form a watertight barrier and effectively seal seams, fissures, fault zones, or fill cavities in the foundation or abutment.

Cutoff (keyway) trench:  An excavation in the foundation of an embankment (earth or rockfill) dam, usually located upstream of the dam axis or centerline crest which extends to bedrock or to an impervious stratum. The excavation is backfilled with impervious material to reduce the flow of water under the dam.

Cutoff wall:  A wall of impervious material (e.g., concrete, asphaltic concrete, timber, steel sheet piling, or impervious grout curtain) located in the foundation beneath the dam which forms a water barrier and reduces seepage under a dam or spillway.

Dam (general):  Any barrier which is capable of impounding or controlling the flow of water, including but not limited to stormwater retention or detention dams, flood control structures, dikes and incompletely breached dams.
Dam (Maryland Regulations): Any obstruction, wall, or embankment, together with its abutments and appurtenant works, if any, in, along, or across any stream, heretofore or hereafter constructed for the purpose of storing or diverting water or for creating a pool upstream of the dam, as determined by the Administration.
Dam Failure: Catastrophic type of failure characterized by the sudden, rapid, and uncontrolled release of impounded water or the likelihood of such an uncontrolled release It is recognized that there are lesser degrees of failure and that any malfunction or abnormality outside the design assumptions and parameters that adversely affect a dam’s primary function of impounding water is properly considered a failure. These lesser degrees of failure can progressively lead to or heighten the risk of a catastrophic failure. They are, however, normally amenable to corrective action.
Dam Operator:  The person responsible for the daily or routine operation and maintenance activities of a dam and its appurtenant structures. The dam operator commonly resides at or near the dam.

Dam Safety: Dam safety is the art and science of ensuring the integrity and viability of dams such that they do not present unacceptable risks to the public, property, and the environment. It requires the collective application of engineering principles and experience, and a philosophy of risk management that recognizes that a dam is a structure whose safe function is not explicitly determined by its original design and construction. It also includes all actions taken to identify or predict deficiencies and consequences related to failure, and to document, publicize, and reduce, eliminate, or remediate to the extent reasonably possible, any unacceptable risks.
Danger Reach: That area downstream of a dam within which sudden release of waters resulting from failure of the dam during the inflow design flood would cause an artificial flood exceeding the flood that might be expected from the same storm if the dam had not existed.
Dead Storage: The storage that lies below the invert of the lowest outlet and that, therefore, cannot readily be withdrawn from the reservoir.
Deflection:  Upstream or downstream movement of a dam or dike, or lateral movement of a wall.

Dentate:  See “baffle block”.

Design summary:  A document that summarizes the designers’ development of the design that results in the specifications. It may include a section on the Designers’ Operating Criteria.

Differential head condition:  The condition in which the water pressure on the upstream and downstream sides of an object differ (also called unbalanced head).

Downstream face:  The inclined surface of the dam away from the reservoir.

Drain(s)
Blanket:  A layer of pervious material placed to facilitate drainage of the foundation and/or embankment.

Chimney: A vertical or inclined layer of pervious material in an embankment to facilitate and control drainage of the embankment fill.

Toe: A system of pipe and/or pervious material along the downstream toe of a dam used to collect seepage from the foundation and embankment and convey it to a free outlet.

Drainage Area: The area that drains to a particular point on a river or stream.

Drainage wells or relief wells: Vertical wells downstream of or in the downstream shell of an embankment dam to collect and control seepage through and under the dam. A line of such wells forms a drainage curtain. 

Drawdown: The resultant lowering of water-surface level due to release of water from the reservoir.

Drop structure:  A structure that conveys water to a lower elevation and dissipates the excess energy resulting from the drop.

Dynamic routing: Hydraulic flow routing based on the solution of the St.-Venant Equation(s) to compute the changes of discharge and stage with respect to time at various locations along a stream.
Elevation-capacity table (Stage-Storage table):  A table giving reservoir storage capacity in terms of elevation increments. 

Embankment: Fill material, usually earth or rock, placed with sloping sides and usually longer than high.

Emergency (general): A condition that develops unexpectedly, which endangers the structural integrity of a dam and/or downstream human life or property, and requires immediate action.

Emergency (Maryland Regulation): A sudden unforeseen occurrence or condition requiring exigency or a circumstance which the Administration determines constitutes a present or imminent danger to the public health or safety or to the environment.
Emergency Action Plan (EAP):  A formal plan of procedures designed to minimize an emergency situation or unusual occurrence at a given dam or reservoir.

Emergency Action Plan (EAP) exercise: An activity designed to promote emergency preparedness; test or evaluate EAPs, procedures, or facilities; train personnel in emergency management duties; and demonstrate operational capability. Exercises consist of the performance of duties, tasks, or operations very similar to the way they would be performed in a real emergency. However, the exercise performance is in response to a simulated event.
Energy dissipater: A device constructed in a waterway to reduce the kinetic energy of fast flowing water. 

Epicenter, earthquake:  Focal point on earth's surface directly above the origin of seismic distur​bance.

Erosion, concrete:  Surface disturbance caused by abrasion from moving particles in water, impact of pedestrian or vehicular traffic, or impact of ice flows.

Erosion, soil:  Surface displacement of soil caused by weathering, dissolution, abrasion, or other transporting.

Face, dam:  Exposed surface of dam materials (earth, rockfill, or concrete), upstream and downstream.

Failure:  An incident resulting in the uncontrolled release of water from a dam.

Failure Mode: A potential failure mode is a physically plausible process for dam failure resulting from an existing inadequacy or defect related to a natural foundation condition, the dam or appurtenant structures design, the construction, the materials incorporated, the operations and maintenance, or aging process, which can lead to an uncontrolled release of the reservoir.

Fault, earthquake:  A fracture in rock along which the adjacent rock surfaces are differentially displaced.

Fetch: The-straight-line distance across a body of water subject to wind forces. The fetch is one of the factors used in calculating wave heights in a reservoir.
Filter: A bank or zone of granular material that is incorporated in a dam and is graded (either naturally or by selection) to allow seepage to enter the filter without causing the migration of fill material from zones adjacent to the filter.
Filter Diaphragm: A specialized filter constructed around a conduit that penetrates the dam embankment. The filter is designed to intercept and control seepage and reduce the potential for loss of embankment soils by internal erosion (sometimes referred to as “piping” of the soil).
Flashboard:  Wooden board or structural panel anchored to the crest of a spillway used as a means of increasing the reservoir storage.

Flip Bucket: An energy dissipater located at the downstream end of a spillway and shaped so that water flowing at a high velocity is deflected upwards in a trajectory away from the foundation of the spillway.

Flood: A temporary rise in water surface elevation resulting in inundation of areas not normally covered by water. Hypothetical floods may be expressed in terms of average probability of exceedance per year such as one-percent-chance-flood, or expressed as a fraction of the probable maximum flood or other reference flood.
Designated frequency and its probability:  Service spillways, stilling basins, and some outlet works components are typically designed to pass certain level of floods designated by a return period. The return period should be thought as the chance that such a flood will be equaled or exceeded in any one year. For example, the 100‑year flood is the flow level with a 0.01 annual exceedance probability, or there is 1 chance in 100 that this flood flow level will be equaled or exceeded in any given year.

Inflow design (IDF):  The size of flood coming into the reservoir that is used as a basis for designing various parts of the dam. 

Moderate frequency:  A flood of lesser magnitude than the IDF used for the service spillway design when supplemented by a separate auxiliary spillway.

Probable maximum (PMF):  The largest flood reasonably expected at a point on a stream because of a probable maximum storm and favorable runoff conditions.

Flood routing: A process of determining progressively over time the amplitude of a flood wave as it moves past a dam or downstream to successive points along a river or stream. 

Flood storage: The retention of water or delay of runoff either by planned operation, as in a reservoir, or by temporary filling of overflow areas, as in the progression of a flood wave through a natural stream channel. 

Flume:  A shaped, open-channel flow section that forces flow to accelerate. Acceleration is produced by convergence of the sidewalls, raising the bottom, or a combination of both.

Long‑throated:  Flume that controls discharge rate in a throat that is long enough to cause nearly parallel flow lines in the region of flow control. Parallel flow allows these flumes to be accurately rated by analysis using fluid flow concepts. The energy principle, critical depth relationships, and boundary layer theory are combined to rate flumes and broad-crested weirs by Ackers et al. (1978) and Bos et al. (1991). Thus, these flumes and modified broad-crested weirs are amenable to computer calibrations. Long throated flumes can have nearly any desired cross-sectional shape and can be custom fitted into most canal-site geometries. The Ramp flumes also considered a version of broad-crested weirs is an example of this kind of flume.  

Parshall Flume:  A flume with a specially shaped open channel flow section that may be installed in a drainage pipe or ditch to measure the rate of flow of water.

Short‑throated:  A flume that controls flow in a region that produces curvilinear flow. While they may be termed short-throated, the overall specified length of the finished structure including transitions may be relatively long. The Parshall flume is the main example of this kind of flume. These flumes would require detailed accurate and accurate knowledge of the individual streamline curvatures for calculated ratings that is usually considered impractical. Thus, short‑throated flumes are determined empirically by comparison with other more precise and accurate water measuring systems.

Forebay:  An auxiliary pool upstream of the main body of water impounded by the dam. 

Foundation, dam:  The excavated surface of natural material upon which a dam is placed.

Foundation, drains:  Tile or pipe for collecting internal seepage water of dam.

Freeboard: The vertical distance to the crest of a dam above the water surface at time of maximum design flow over the spillway.

Freeze-thaw damage:  Damage to concrete caused by extreme temperature variations as noted by random pattern cracking. Damage is accelerated by the presence of water and commonly more severe on the south-facing side of structures.

Gallery:  A passageway within the body of a dam, its foundation, or abutments.

Gate:  A device that controls the flow in a conduit, pipe, or tunnel without obstructing any portion of the passageway when in the fully open position.

Bulkhead gate: A gate used either for temporary closure of a channel or conduit before dewatering it for inspection or maintenance or for closure against flowing water when the head difference is small, e.g., for diversion tunnel closure. 

Crest gate (spillway gate): A gate on the crest of a spillway to control the discharge or reservoir water level. 

Emergency (guard) gate:  The first gate in a series of flow controls, remaining open while downstream gates or valves are operative.

Flap gate: A gate hinged along one edge, usually either the top or bottom edge. Examples of bottom-hinged flap gates are tilting gates and fish belly gates so called from their shape in cross section. 

Flood gate: A gate to control flood release from a reservoir.
High-pressure gate:   A gate consisting of a rectangular leaf encased in a body and bonnet and equipped with a hydraulic hoist for moving the gate leaf.


Operating (or regulating) gate:  A gate used to regulate the rate of flow through an outlet works.

Outlet gate: A gate controlling the flow of water through a reservoir outlet. 

Radial gate (Tainter gate): A gate with a curved upstream plate and radial arms hinged to piers or other supporting structure.
Slide gate (sluice gate):  A steel gate that upon opening or closing slides on its bearings in edge guide slots.

Gate Chamber (valve chamber):  A chamber in which a guard gate in a pressurized outlet works or both the guard and regulating gates in a free-flow outlet works is located.


Gate hanger:  A device used to maintain a set gate opening.

Geotextile: Any fabric or textile (natural or synthetic) when used as an engineering material in conjunction with soil, foundations, or rock. Geotextiles have the following uses: drainage, filtration, separation of materials, reinforcement, moisture barriers, and erosion protection.

Groin:  The contact between the upstream or downstream face of the dam and abutments.

Grout:  A fluidized material that is injected into soil, rock, concrete, or other construction material to seal openings and to lower the permeability and/or provide additional structural strength. There are four major types of grouting materials: chemical; cement; clay; and bitumen. As a verb, it refers to filling voids with grout.
Grout blanket. An area of the foundation systematically grouted to a uniform shallow depth. 

Grout cap. A concrete filled trench or pad encompassing all grout lines constructed to impede surface leakage and to provide anchorage for grout connections. 

Grout curtain. One or more zones, usually thin, in the foundation into which grout is injected to reduce seepage under or around a dam.
Gully: Rainfall erosion of earthen embankment slopes. Also may be caused in part by vehicular or foot traffic.

Hazard: A situation that creates the potential for adverse consequences such as loss of life, property damage, or other adverse impacts.
Hazard Potential: The possible adverse incremental consequences that result from the release of water or stored contents due to failure of the dam or misoperation of the dam or appurtenances. Impacts may be for a defined area downstream of a dam from floodwaters released through spillways and outlet works of the dam or waters released by partial or complete failure of the dam. There may also be impacts for an area upstream of the dam from effects of backwater flooding or landslides around the reservoir perimeter.
Hazard Potential classification:  The rating for a dam based on the potential consequences of failure. The rating is based on potential loss of life and damage to property that failure of the dam cause. Such classification is related to the amount of development downstream of a dam. The hazard potential classification does not reflect in any way on the current condition of the dam (i.e., safety, structural integrity, flood routing capacity).
Head, static: The vertical distance between two points in a fluid. 

Head loss:  The energy per unit weight of water lost due to transitions, bends, etc.

Headwater: The water immediately upstream from a dam. The water surface elevation varies due to fluctuations in inflow and the amount of water passed through the dam.

Heave: The upward movement of land surfaces or structures due to subsurface expansion of soil or rock, or vertical faulting of rock.

Heel. The junction of the upstream face of a gravity or arch dam with the ground surface. For an embankment dam, the junction is referred to as the upstream toe of the dam.
Height:

Downstream Height: The difference between the lowest point in the original stream bed at the downstream toe of the dam and the top of the dam.
Hydraulic Height:  The difference between the lowest point in the original stream bed at the axis or the centerline crest of the dam and the maximum design water surface (i.e., the height to which water rises behind the dam).
Regulatory Height: The difference between the lowest point in the original stream bed at the upstream toe of the dam and the top of the dam.

Structural Height: The difference between the lowest point of the excavated foundation at the axis or the centerline crest of the dam and the top of the dam.

Hydrograph, flood:  A graph showing for a given point on a stream or conduit, the discharge, stage, velocity, available power, or other property of water with respect to time.

Hydrograph, unit: A hydrograph with a volume of one inch of runoff resulting from a storm of a specified duration and areal distribution. Hydrographs from other storms of the same duration and distribution are assumed to have the same time base but with ordinates of flow in proportion to the runoff volumes.
Hydrology:  The science that treats the occurrence, circulation properties, and distribution of the waters of the earth and their reaction to the environment.

Inflow, reservoir:  The amount of water entering a reservoir expressed in acre-feet per day or cubic feet per second.

Instrumentation: An arrangement of devices installed into or near dams that provide for measurements that can be used to evaluate the structural behavior and performance parameters of the structure. Examples of common instrumentation includes, but is not limited to the following:

a. Crack monitors: Measure movements transverse and along a joint or crack. 

b. Flow measurement devices: (flowmeters, weirs, and calibrated bucket and stopwatch). Instruments that measure leakage quantities. 

c. Inclinometer: An instrument, usually consisting of a metal or plastic casing inserted in a drill hole and a sensitive monitor either lowered into the casing or fixed within the casing. This measures at different points the casing's inclination to the vertical. The system may be used to measure settlement. 

d. Observation well: A hole used to observe the groundwater surface at atmospheric pressure within soil or rock. 

e. Piezometers: An instrument designed to measure water levels or pore water pressures in embankments, foundations, abutments, soil, rock, or concrete. Open system porous-tube, and slotted-pipe piezmoters, or observation wells. Closed,system - Hydraulic twin-tube, pneumatic or vibrating-wire piezometers. 

f. Plumblines: Measures the movement of a concrete dam due to applied reservoir water pressures and temperature changes. Installations consist of a formed shaft, suspension assembly, wire, plumb bob, dash pot and reading stations. 

g. Pressure cell: An instrument for measuring pressure within a mass of soil, rock, or concrete or at an interface between one and the other. 

h. Settlement sensors. (pneumatic and vibrating-wire). Monitors the difference in elevation between the sensor unit and its reservoir. 

i. Surveys: Measure external vertical and horizontal movement on the surface. 

j. Tiltmeters: An instrument that monitors the horizontal or vertical tilt of structures and rock masses. 

Intake: Any structure in a reservoir, dam, or river through which water can be drawn from the impoundment or a river to a discharge point. 

Internal Erosion: See Piping.

Inundation map:  A map of the ground surfaces downstream of a dam showing the probable encroachment by water released because of failure of the dam or from abnormal flood flows released through a dam’s spillway.

Invert:  The lowest point of the interior of a circular conduit, pipe, or tunnel.

Impoundment: A body of water formed by a dam, dike, floodgate, or other barrier for future use.

Job hazard analysis:  A study of a job or activity to identify hazards or potential accidents associated with each step or task, and develop solutions that will eliminate, nullify, or prevent such hazards or accidents. 

Joint(s):

Contraction joint:  A joint placed in concrete to provide for volumetric shrinkage of a monolithic unit or movement between monolithic units.
Construction joint:  A joint purposely placed in concrete to facilitate construction; to reduce initial shrinkage stresses and cracks; to allow time for the installation of embedded metalwork; or to allow for the subsequent placing of other concrete.

Expansion joint:  A separation between adjoining parts of a concrete structure that is provided to allow small relative movements, such as those caused by temperature changes, to occur independently.
Lateral:  A channel that conveys water from a canal to a farm, municipality, etc.

Leakage: Uncontrolled loss of water by flow through a hole or crack.

Levee: A natural or manmade earthen barrier along the edge of a stream, river, or lake to prevent the flow of water out of its channel.

Lift line:  The horizontal construction joint created when new concrete is placed on previously placed concrete.

Lining:  Any protective material used to line the interior surface of a conduit, pipe, or tunnel provide watertightness, prevent erosion, reduce friction, or support the periphery of the outlet pipe conduit.
Liquefaction. A condition whereby soil undergoes continued deformation at a constant low residual stress or with low residual resistance, due to the buildup and maintenance of high pore water pressures, which reduces the effective confining pressure to a very low value. Pore pressure buildup leading to liquefaction may be due either to static or cyclic stress applications and the possibility of its occurrence will depend on the void ratio or relative density of a cohesionless soil and the confining pressure.
Lockout:  A clearance procedure in which physical locks replace Safety Tags.
Log boom:  A device used to prevent floating debris from obstructing spillways and intakes.

Logbook:  A dated, written record of performed operation and maintenance items or observations pertinent to a structure.

Low-level Outlet: A low-level reservoir outlet, valve and pipe system through the dam generally used for lowering reservoir water level.

Maximum credible earthquake (MCE):  The severest earthquake that is believed to be possible at the site on the basis of geologic and seismological evidence. It is determined by regional and local studies that include a complete review of all historic earthquake data of events sufficiently nearby to influence the project, all faults in the area, and attenuations from causative faults to the site.

Minimum operating level: The lowest level to which the reservoir is drawn down under normal operating conditions.
Non-overflow dam (section). A dam or section of dam that is not designed to be overtopped. 

Normal Water Level (Normal Pool): For a reservoir with a fixed overflow spillway crest, it is the lowest level of that crest. 

O&M:  Acronym for operation and maintenance.

Observation Well: Small-diameter perforated vertical tube installed within an embankment. Used to measure the height of the internal water surface in the embankment at the location of the well. 

Ogee crest:  The shape of the concrete spillway crest that represents the lower profile of the under-nappe of a jet of water flowing over a sharp-crested weir at a design depth.

Outflow:  The amount of water passing a given point downstream of a structure, expressed in acre-feet per day or cubic feet per second.

Outlet: An opening through which water can be freely discharged from a reservoir to the river for a particular purpose. 

Outlet works:  A series of components located in a dam through which normal releases from the reservoir are made.

Overflow dam (section): A section or portion of a dam designed to be overtopped.
Parapet wall: A solid wall built along the top of a dam (upstream or downstream edge) used for ornamentation, for safety of vehicles and pedestrians, or to prevent overtopping caused by wave runup. 

Permeability: A material property which defines the material’s capacity to transmit water. 

Phreatic Surface: The upper surface of seepage in an embankment. All the soil below this surface will be saturated when the steady-state seepage condition has been reached. 

Pattern cracking:  Fine cracks in the form of a pattern on a concrete surface.

Pipe:   A circular conduit constructed of any one of a number of materials that conveys water by gravity or under pressure.

Piping:  Progressive erosion and removal of soil by concentrated seepage flows through a dam, dike, or levee, its foundation, or its abutments. As material is eroded, the area of the “pipe” increases and the quantity and velocity of flow increase; these changes in turn result in the erosion of more material. The process continues at a progressively faster rate. Dam failure can result if the piping cannot be brought under control.

Plunge pool:  A pool (typically riprap lined) located below a spillway, gate, or valve into which the discharge dissipates energy to avoid downstream channel degradation.
Pore-water pressure:  Internal hydrostatic pressure in an embankment caused by the level of water in the reservoir acting through pressure-transmitting paths between soil particles in the fill.

Probable Maximum Precipitation (PMP): Theoretically, the greatest depth of precipitation for a given duration that is physically possible over a given size storm area at a particular geographical location during a certain time of the year.
Reservoir:  Any basin, either natural or artificial, used for the collecting or storing of water.
Richter scale:  A scale of numerical values of earthquake magnitude ranging from 1 to 9.

Rill: See Gully. 

Riprap:  A layer of large uncoursed stone, precast blocks, bags of cement, or other suitable material, generally placed on the slope of an embankment or along a watercourse as protection against wave action, erosion, or scour. Riprap is usually placed by dumping or other mechanical methods, and in some cases is hand placed. It consists of pieces of relatively large size, as distinguished from a gravel blanket.
Risk: A measure of the likelihood and severity of adverse consequences (National Research Council 1983). Risk is estimated by the mathematical expectation of the consequences of an adverse event occurring, i.e., the product of the probability of occurrence and the consequence, or alternatively, by the triplet of scenario, probability of occurrence, and the consequence. 

Risk analysis: A procedure to identify and quantify risks by establishing potential failure modes, providing numerical estimates of the likelihood of an event in a specified time period, and estimating the magnitude of the consequences. The risk analysis should include all potential events that would cause unintentional release of stored water from the reservoir. 

Risk assessment: The process of deciding whether existing risks are tolerable and present risk control measures are adequate and, if not, whether alternative risk control measures are justified. Risk assessment incorporates the risk analysis and risk evaluation phases. 

Roller Compacted Concrete Dam: A concrete gravity dam constructed by the use of a dry mix concrete transported by conventional construction equipment and compacted by rolling, usually with vibratory rollers.

Runoff: Water that drains or flows off, such as rain water flowing off from the land or water from snow draining from a mountain range.

Saddle Dam (or Dike): A subsidiary dam of any type constructed across a saddle or low point on the perimeter of a reservoir.

Sand Boil:  Seepage characterized by a boiling action at the surface surrounded by a cone of material from deposition of foundation and embankment material carried by the seepage.

Scour: Erosion by action of flowing water and waves.

Seepage:  The slow movement or percolation of water through small cracks, pores, interstices, etc., from an embankment, abutment, or foundation.

Seismic:  Of or related to movement in the earth's crust caused by natural relief of rock stresses.

Settlement:  The sinking of land surfaces because of subsurface compaction, usually occurring when moisture added deliberately or by nature, causes a reduc​tion in void volumes.

Sinkhole:  A steep-sided depression formed when removal of subsurface embankment or foundation material causes overlying material to collapse into the resulting void.

Slide: The movement of a mass of earth or tailings down a slope. In embankments and abutments, this involves the separation of a portion of the slope from the surrounding material. 

Slope: Inclination from the horizontal. Sometimes referred to as batter when measured from vertical.

Slope Protection: The armoring of the embankment slope against wave action and erosion, usually done by the installation of riprap.

Slough:  Movement of a soil mass downward along a slope because of a slope angle too great to support the soil, wetness reducing internal friction among particles, or seismic activity. It is also called a slope failure, usually a rather shallow failure.

Soil Cement:  A mixture of Portland cement and pulverized soil placed in layers on the upstream face of a dam to provide slope protection.

Spalling:  The loss of surface concrete usually caused by impact, abrasion, or compression.

Spillway:  A structure over or through which flow is discharged from a reservoir. If the rate of flow is controlled by mechanical means, such as gates, it is considered a controlled spillway. If the geometry of the spillway is the only control, it is considered an uncontrolled spillway.
Spillway, auxiliary: Any secondary spillway that is designed to be operated infrequently, possibly in anticipation of some degree of structural damage or erosion to the spillway that would occur during operation. 
Spillway, emergency: See Spillway, auxiliary. 

Spillway, service: A spillway that is designed to provide continuous or frequent regulated or unregulated releases from a reservoir, without significant damage to either the dam or its appurtenant structures. This is also referred to as principal spillway.
Spillway capacity: The maximum spillway outflow that a dam can safely pass with the reservoir at its maximum level. 

Spillway Channel: An open channel or closed conduit conveying water from the spillway inlet downstream.

Spillway Chute: A steeply sloping spillway channel that conveys discharges at super-critical velocities.

Spillway Crest: The lowest level at which water can flow over or through the spillway.

Springline:  An imaginary reference line located at mid-height of a circular conduit, pipe, or tunnel. Also the maximum horizontal dimension of a circular conduit, pipe, or tunnel.

Stilling basin:  A pool, usually lined with reinforced concrete, located below a spillway, gate, or valve into which the discharge dissipates energy to avoid downstream channel degradation.

Storage: The retention of water or delay of runoff either by planned operation, as in a reservoir, or by temporary filling of overflow areas, as in the progression of a flood through a natural stream channel. 

Sulfate attack:  Damage to concrete caused by the effects of a chemical reaction between sulfates in soils or ground water and hydrated lime and hydrated calcium aluminate in cement paste. The attack results in considerable expansion and disruption of paste.

Tailwater:  The water immediately downstream from a dam. The water surface elevation varies due to fluctuations in the outflow from the structures of a dam and due to downstream influences of other dams or structures. 

Toe:  The contact between the upstream or downstream face of the dam and natural ground.

Trash rake:  A device that is used to remove debris which has collected on a trash rack to prevent blocking the associated intake.

Trash rack:  A metal or reinforced concrete structure placed at the intake of a conduit, pipe, or tunnel that prevents entrance of debris over a certain size.

Tunnel:  An enclosed channel that is constructed by excavating through natural ground. A tunnel can convey water or house conduits or pipes.

USGS: An acronym used for United States Geological Survey, the agency that monitors stream flows, river hydrology, and seismic activity.

Unbalanced head condition:  See “differential head condition”.

Uplift pressure:  See “pore-water pressure”.

Upstream face:  The inclined surface of the dam that is in contact with the reservoir.
Valve:  A device used to control the flow in a conduit, pipe, or tunnel that permanently obstructs a portion of the waterway.

Vortex:  A revolving mass of water in which the streamlines are concentric circles and in which the total head is the same.

Water conveyance structure:  Any structure that conveys water from one location to another.

Watershed: The area drained by a river or river system or portion thereof. The watershed for a dam is the drainage area upstream of the dam. 

Waterstop:  A continuous strip of waterproof material placed at concrete joints designed to control cracking and limit moisture penetration.

Wave protection: Riprap, concrete, or other armoring on the upstream face of an embankment dam to protect against scouring or erosion due to wave action. 

Wave runup: Vertical height above the stillwater level to which water from a specific wave will run up the face of a structure or embankment.
Weep hole:  A drain embedded in a concrete or masonry structure intended to relieve pressure caused by seepage behind the structure.

Weir:  An overflow structure built across an open channel to measure the flow of water and is calibrated for depth of flow over the crest.

Broad-crested: An overflow structure on which the nappe is supported for an appreciable length in the direction of flow. 

Cipolletti:  A contracted weir of trapezoidal shape in which the sides of the notch are given a slope of 1 horizontal to 4 vertical.

Ogee: A reverse curve, shaped like an elongated letter "S.” The downstream faces of overflow spillways are often made to this shape.
Rectangular:  A contracted or suppressed weir with horizontal crest, rectangular in shape, having vertical sides.

V-notch:  A weir that is V-shaped, with its apex downward, used to accurately measure small rates of flow.
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