Best Management Practices for Flood Preparation and Response

General Discussion

Recent hurricane and other climatic events support a conclusion that more severe flooding conditions than previously experienced or predicted may occur. These flood problems may be exacerbated in communities where development has altered the natural buffering affects such as wetlands or woodland area that previously had higher levels of water retention and infiltration. Additionally, conditions that support build up antecedent wet conditions intensify floods and may produce floods of significantly high reoccurrence frequencies that have not been anticipated. Since hurricane flood surge strength is generally not predictable to a specific location and that flash floods give no warning of their intensity, new provisions are suggested to protect utility facilities that have not been used in the past. 

Procedures for Operation of Flood Threatened Water and Wastewater Facilities

Importance of Maintaining Water Treatment and Distribution Pressure

Positive water pressure provides the major source of protection from microbial and chemical contamination of the water system and from the intrusion of rocks, stones and silt that may be difficult if not impossible to remove. Water pressure also provides the primary means of fighting fire for many municipal systems. Thus maintaining water pressure before, during and after a flood should be the top priority and protection and response efforts should be planned accordingly.

If positive pressure cannot be maintained in flooded sections of pipeline, these sections should be isolated by turning off valves in such a manner to protect the remainder of the water system.

Often the biggest threat to water treatment is the loss of the ability to backwash using conventional gravity methods. In these instances, sandbags may be used to direct backwash water out the top of tanks to open areas away from plant structures.

In instances where well capacity is threatened temporary connections to nearby communities through fire hydrants using pumps or pumper trucks is often employed.

It is not recommended that contaminated water be introduced into a water supply system for any purpose since the water will likely render the system inoperable for public supply in the future. 

Importance of Wastewater Treatment

Wastewater Plants are often at the lowest points in a drainage basin and plant processes are often inundated in severe flooding situations. The loss of a wastewater plant in the buildup of hydraulic pressure upstream that can result in the popping of manhole covers that then allow for inflow of surface water. Wastewater plants also provide a central area for collection and disposal of wastewater and loss of treatment moves spills to areas that may not have equivalent capacity of dilution and movement of partially treated wastewater downstream. 

Common problems with wastewater plants are in the preliminary treatment area, especially the bar screens. Sticks, rags, rocks and other debris will be carried to these units and they can be quickly overcome. Flow conditions will often prevent repairs that can quickly result in sewage inundating other plant processes and buildings. To prevent this occurrence, many plants have a separate small generator that can operate preliminary screens and grit removal processes in a power outage.

The importance of grit removal is another issue that wastewater treatment plant operators must address. Flood conditions will cause both inflow and infiltration to significantly increase forcing large amounts of sand and grit into the collection system. Many times grit facilities will see a 500% increase in the amount of this material that is being collected. Loss of grit removal facilities can result in treatment capacity being severely impacted by the introduction of grit into treatment basins and its deleterious affects on pumps used in the plant treatment process. Grit removal facilities should thus be kept running.

Hydraulic flows into wastewater plants under severe flooding conditions can be 3 to 4 times the average daily flow rates. These hydraulic flows can wash needed bacteria out of the plant adversely impacting treatment. During flood conditions wasting of sludge should be suspended to conserve bacteria needed in the treatment process.

Controlling inflow and infiltration is another operating concern under flooded conditions. Low lying or inundated mobile home parks are often a contributor of these problems. Thus it is incumbent on the wastewater plant manager to plug open drains in these parks before the flooding hits. After the flooding hits flow from mobile home parks that are underwater are often shut off to prevent large surface water intrusions.

Streambank erosion is another problem that operators face in storm flow conditions. Meandering streams often dislodge pipelines allowing for direct inflow of surface water. Knowing where these locations are and protecting pipelines with rip-rap are the best policy. It is difficult if not impossible in some cases to find open pipelines taking in inflow. If necessary they can be found by swirling vortexes and plugged by sinking materials to slow the inflow to smaller volumes.

After each major storm all manholes and pipelines in flood prone areas should be inspected for inflow and infiltration.      

Water Tanks and Chemical Storage

Water tanks of any sort should be topped with water before a server storm to prevent floating. Likewise chemical storage tanks that are empty should be filled with water and their contents pumped to other tanks. 

It is not a good idea to attempt to secure empty tanks to floor slabs since the tank may float the slab if inundated. 

Planning for Pre-flood Events  
Pre-flood activities include actions that identify flood prone areas where utility infrastructure is located and include relatively low cost improvements that provide higher level of protection than would normally be considered. 

These activities include:

· Flood risk management identification 

· Pre-flood mitigation efforts

· Improved Forecasting

· Development of Triggers for Initiation of Response 

Flood Mitigation and Critical Facility Identification:

Flood Management identification targets critical facilities that are located adjacent to rivers and water impoundments used for flood management. Methods to identify these facilities can be made facilitated by the review of basic FEMA flood maps and use of SLOSH Models to determine the likelihood of flooding. Facilities are then identified and targeted in these areas and are then ranked by their importance in continuous utility operation. Major facilities such as production wells, water and wastewater treatment plants and major lift stations are targeted as primary candidates for flood mitigation actions even though they may be protected for a 100 yr. event.  Where high water marks on fences or buildings have been observed at particularly higher levels from rainfall events over the past 5 to10 years than previously recorded, these should be used as references for events that are likely to be exceeded in the near future.  

Targeted Pre-Flood Mitigation Actions

Unlike most conventional program for flood mitigation where structures are protected by on historical rainfall and flood events, flood mitigation does not include a risk assessment as the primary driver. This is because the probability of the event can not be reasonably determined from past history. The analysis is performed on two factors. The importance of the facility in providing continued operation of water or wastewater service and the facility’s proximity to water bodies that may reach water levels that are beyond those predicted are the primary criteria used in the initial screening. 

Determining the mitigation approached are then developed by asking the following questions in three different categories, Major Construction Activities, Minor Construction Activities and Pre-flood Construction Activities: 

Major Construction Activities

· Are the dikes or berms that are in-place contiguous and can they function at higher elevations by relatively minor filling or build up of surrounding ground?

· Are the existing dikes, berms or other structures adequate to withstand erosion that may be caused by changes in velocity and higher water levels and can they be strengthened by the addition of rip-rap or other erosion control measures? 

· Where construction of physical barriers and raising of protective separations are not feasible can a smaller area be protected with a cofferdam built around the facility? 

· Can provisions be made to use existing block buildings as protection by sealing off doors, window vents or louvers?
Minor Construction Activities

· Can on-site transformers and motor controls be raised to elevations at least 3 feet higher than the predicted 100 yr flood?

· Can motor control panels and SCADA panels be raised to at least 3 feet higher than predicted by a 100 yr flood?

· Can a pump be permanently mounted in a dry area to allow for pumping floodwaters away that might enter the building under extreme conditions? 

· Can floor drains be plugged and water under pressure be evacuated from the building by makeshift piping?

· Can any of the construction activities listed in the major construction activities above, be accomplished by the use of sandbags or permanent concrete slabs?

Pre-Flood Response Activities  (these actions should be taken when the actions above were not implemented or are unlikely to prevent flooding)

· Disconnecting and Raising Electric Motors to above flood stage and providing quick disconnects (accessible electrical connections to motor pigtails to facilitate movement)

· Disconnecting and removing SCADA equipment especially UPS type units that will damage submerged equipment 

Proper Placement of Sand Bags for Flood Protection

Sandbags are often used to protect structures and equipment from floodwaters and their proper placement can be invaluable in a flood event. Sandbags are used for protection of buildings and other structures near creeks or lakes and in similar situations where water is rising with little or no current. They may also be placed to divert flowing water away from structures.

General Sand Bag Construction

The use of sandbags is a simple but effective method of preventing or reducing damage from flood water and/or debris. The following procedures should be used in constructing sandbag protection:

· Close-weave burlap bags are recommended for all sandbag construction. 

· Fold over the empty top of the bag in a triangle to keep sand from leaking. 

· Place each bag over the folded top of the preceding bag and stomp into place before placing the next layer of bags. 

· Stagger the second layer of bags, stomping each bag into place before placing the next. 

· Stomp each succeeding layer of bags.

Protecting Structures

Lay plastic sheeting on the ground and up the building walls to a point at least one foot above the predicted water elevation, and far enough out on the ground to form a half pyramid of sandbags. Secure plywood over doors and vents. Overlap plastic sheeting and sandbags at corners of buildings.
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Protecting Slopes

The "raincoat" method is used to prevent further saturation of levee or hillside slopes. Plastic sheeting is laid out flat on the slope, and stakes are driven into the ground just above the area to be protected. The stakes are four feet apart with a one-foot stagger. The plastic sheeting is secured to the stakes with tie-down buttons or small round rocks and rope.
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Stockpiling Sand for Filling Sandbags

	Materials required for 
100 lineal feet of sandbag wall

	Height above ground
	Bags required
	Cubic yards of sand

	1 foot
	600-800
	10 to 13

	2 feet
	1400-2000
	23 to 33

	3 feet
	2200-3400
	37 to 57

	4 feet
	5300
	88

	5 feet
	7600
	137

	6 feet
	10000
	167





Flood Monitoring and Prediction

Floods are generally divided into three categories based on the utility’s ability to prepare and respond. These categories are Storm Surges which occur in coastal ocean areas, Flash Floods caused by local or regional unusually high rainfall intensities and River Flooding caused by significant periods of moisture coupled with moderate to intense rainfalls over long durations. These categories my overlap but can generally be used for setting targets to initiate the response. 

Flood and Hurricane Warnings are given by the National Weather Service and NOAA Weather Radio.  Flood alerts are given according to the following descriptions:


       Floods (Can Take Several Hours to Days to Develop)
· A flood WATCH means a flood is possible in your area. 

· A flood WARNING means flooding is already occurring or will occur soon in your area. 

Flash Floods (Can Take Only a Few Minutes to a Few Hours to Develop) 

· A flash flood WATCH means flash flooding is possible in your area. 

· A flash flood WARNING means a flash flood is occurring or will occur very soon. 

Storm Surges

Storm surges are a phenomenon of hurricanes that are a danger to coastal utilities. These type of events often have several days of warning allowing the utility to prepare. The predicted impact of the expected storm surge is provided by the National Weather Service. 

The extent of the surge is related to the position of the high tide at  the time of hurricane landfall. In this type of flooding the water surge is accompanied by very strong winds, and the combination of wind and saltwater that inundates utility facilities will like destroy them completely. Physical protection of electrical components is the best form of protection. 

Generally for any hope of recovery after saltwater inundation, motors must be kept wet to keep salt from drying out and special procedures must be used to remove saltwater that must be incorporated immediately after the flooding. Recovery techniques for saltwater damaged motors are included in the Appendix. Generally, electrical panels damaged by saltwater will not be salvageable and replacement will be necessary.

Flash Floods

The National Weather uses Doppler radar to predict flash floods. Doppler radar is accurate to the street level. This ability allows the Weather Service to provide more accurate flash flood warnings. 

Flash floods will typically occur within a couple of hours and thus adequate response time will not be available to a utility. Like any flood threat the best approach is physical protective measures.

Motors and controls submerged in fresh water can sometimes be restored if response is timely. Procedures for restoring control panels and motors are found in the following section. 

River Flooding

In general, river flooding is predicted by establishing the likely peak elevation (flood crest) reached by a river by the National Weather Service. Under normal conditions river flooding can be predicted several days in advance. Where antecedent moisture conditions are high and localize rainfall is predicted to heavy and continuous, river flooding may quickly change to a flash flood.

River flooding generally will allow protective sand bags to be placed around structures to provide dry areas for the continued operation of transformers, motor controls and motors. 

Where buildings are protected with sand bags provisions must be provided to remove water that will accumulate when the outside water level exceeds the building slab elevation. This will include water which will backflow through floor drains, and electrical conduits or flow through fan louvers or under doorways. An assessment of flood protective measures to prevent seepage, inflow and leaks must be undertaken. A method of pumping water out of structures must be included in any flood protection plan.   

Preliminary Flood Condition Assessment 

Unlike preliminary assessments on facilities that have been damaged by high wind which are performed immediately after a hurricane, flood water damage occurs from the immediate post flood conditions, conditions that may deteriorate immediately after a flood and the longer-term post flood threats that continue. 

Flood condition assessments identify current damages, current threats and future threats. Depending on the severity of the event, these are categorized as: forecasting, detection, assessment, warning and response. In the preliminary flood damage assessment phase recovery and mitigation are both addressed and reconstruction, flood defense and recovery are all included in the assessment.

      Completing the Flood Condition Assessment Form

      The purpose of the Flood Condition Assessment Form is to provide the following    

      information:

1. Providing a visual record showing site inundation, the scope of the flood damages and the possibility of potential flood damage that can be mitigated. This is best done through annotated photographs, sketches and measurements taken before the cleanup and restoration activities actually begin. 

2. Create an inventory of equipment damages to transformers, electrical control panels, electric motors and chemical dosing equipment. 

3. Use the gathered information to prioritize restoration plans and initiate corrective actions of stabilization, mitigation, repair, and restoration. 

	Facility Flood Condition Assessment



	Inspector Name:

_______________________
	Date _______  Time _____
	Attachments:

Sketches     Photographs
Measurements Taken 

	Facility Name:



	Flood Information


	Flooding has Occurred

 Yes      No
	Flooding may Occur

 Yes      No

	Water:       Standing     Flowing     Seeping      Water Marks       Other

Explanation: 

	Depth of Water Measured inside Structure:               Sediment In Structure  Yes      No

	Damage Assessment
	Ground                       Elevation (ft)     Impacted 
	Comments:

	Flooding On-Site 
	 Yes      No
	

	Ingress
	 Yes      No
	

	Egress
	 Yes      No
	

	Building First Floor
	 Yes      No
	

	Transformers
	 Yes      No
	

	Motor Controls
	 Yes      No
	

	Motors
	 Yes      No
	

	Chemical Feed System
	 Yes      No
	

	Foundation or Structural Damage
	 Yes      No
	

	Other
	 Yes      No
	

	Mitigation Assessment


	Explanation (Use Back of Form if Needed)

	Is Site Safe from Flood?
	

	Do Facilities need additional protection?
	

	Is Stream Bank Erosion Occurring?
	

	Is there Damage to Protective Berms?
	

	Does Flood Water need to be Redirected?
	

	Other:




Post-Flood Response Procedures

The safety of employees must always be the first priority in a post flood response. The following precautions apply: 

· Return to the area only after it has been declared safe by local emergency management officials. Partially or totally submerged transformers that may be live are dangerous and can cause electrocution. 

· Identify potential electrical hazards and solicit advice and assistance from the power company to minimize the dangers. Always report and stay clear of downed or damaged power lines.

· Turn off all utilities associated with utility facilities to prevent further damage and minimize electrical and explosive hazards.

· Never attempt to start a motor or control panels that has been submerged by water. This will result in irreversible damage to systems that may be salvageable.

· It is important to begin salvage operations for flooded electrical equipment as soon as possible (ASAP) after flood waters recede below them if they are to be salvaged in-place. 
Cleaning Flooded Utility Equipment following Damage by Fresh Water

Moisture in an electrical circuit will carry stray current and result in direct shorts damage to electrical equipment. High humidity will cause the moisture to collect on electrical components when the temperature cools, such as in the evening hours. The first priority in a salvage operation is to remove all sources of moisture from the building itself. 

      Removing Sources of Continued Moisture

· Carefully remove trapped mud and collected water/storm debris as water recedes from buildings. Do not unnecessarily damage any electrical equipment or motors in clean up activities. 

· Remove standing water and water-logged furnishings and debris that maintain a source of moisture within the structure. 

· Drain the water from low areas and corner spaces. Standing water will migrate and perpetuate the moisture problems.

· All furnishings and furniture should be moved to allow air movement and ventilation around them.

· Remove and dry water soaked rugs, paper, books, boxes, and other wet materials.
· Remove any water soaked insulation; remove insulation from cavity wall construction if any. 
Silt and trapped moisture inside closed electrical components will combine to reduce resistance and carry higher loads of stray current. Thus the moisture and silt must be removed. Silt is also hydroscopic, so leaving it in place will result in moisture being attracted with resultant electrical equipment failure.

Removing Trapped Water and Silt from Electrical Control Equipment, 

Connections and Motors

· Check and drain trapped water from mechanical chases, equipment control panels, electrical boxes and HVAC ductwork. 

· Rinse remaining mud, dirt and flood debris from all surfaces with freshwater. Do not use high pressure water on electrical equipment. This will force silt areas which will not be easy to remove. 

· Open electrical control panels and wash out any silt with fresh water. Do not hose electrical devices, contacts and connections . These should be carefully cleaned with a rags, deionized water and a tooth brush.

· Remove any obviously damaged electrical components that contain water inside of them such as relays.

· Open electrical outlets, mechanical chases, etc. and rinse these areas thoroughly. Check wiring and connections for damage and repair as required. Leave areas open to dry before closing them. 

· Open up motors that have been submerged and wash out all silt with copious amounts of low pressure fresh water.

Drying of Electrical Equipment

It is important that flooded electrical equipment be thoroughly cleaned to remove all sources of stray current such as silt and trapped moisture. After the electrical equipment is cleaned precautions must be taken to ensure that it is completely dry. This is accomplished by physical drying such as use of a hair dryer, displacing moisture with dry air and preferably by the use of a dehumidifier. The dehumidifier is preferred since it can draw moisture from areas where it may be trapped. This is accomplished by lowering the humidity within a panel and/or building that houses electrical equipment and motors that have been flushed and cleaned with water to as low as 20% humidity.

· Spot dry areas where water was used for flushing or cleaning with an electric hair dryer

· Set up a dehumidifier(s) to blow air across electrical cabinets and motors to ensure that the equipment is completely dried out. Continue the process until the inside humidity is lowered to below 40%. Dryer conditions improve the possibility of successful recovery of the electrical equipment and will pull moisture from hard to reach places. 
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