TO: 

Robert W. Healy, City Manager

FROM:

Lisa Peterson, Public Works Commissioner



Owen O’Riordan, City Engineer

RE: 

Awaiting Reports #010 – 112 and #010-117   on the July 10, 2010 Flooding
DATE:

September 8, 2010

 Summary

On the afternoon of July 10th 2010 numerous homes and businesses throughout the city were flooded  or experienced sewer system backups as a result of an extremely intense rainstorm event. On a basis of calls received, the effects of the storm were most pronounced in East Cambridge, Kendall Square and the Agassiz area but there were also numerous instances where people’s homes and businesses were impacted in Harvard Square, Cambridgeport, and Riverside and in the west of the City. 

To date the Department of Public Works has fielded 243 calls and emails from people recording their flooding experiences as a result of the event. In many instances people have had significant damage to their basements and to possessions stored below street level in their properties. Employees at the Department of Public Works have talked to or met with all of those who have contacted Public Works looking for assistance. To date, Engineers have visited 125 properties throughout the city inspecting damage, reviewing plumbing arrangements and advising people on how best to protect themselves and their properties during intense storm events.  Members of the Public Works Department have also attended two community meetings in the aftermath of the storm event, one at the East End House on Wednesday July 28th and one the week afterwards on August 3rd at the Agassiz Neighborhood Council Facility at 20 Sacramento Street. Both meetings were well attended and the engineers used the occasion to further explain the operation of the sewer and drainage systems in the area and the underlying cause of the flooding on July 10th. 

The rain gauge located at the DPW Main Building at 147 Hampshire Street on the roof of the Frasier Building, recorded 3.58 inch rainfall intensity in a one hour period between 2:10pm and 3:10pm on Saturday July 10th. Previous to this in the recent past, the city has experienced significant rainfall events in October 1996, July 1998, and March 2004 and March 2010, however, these events were generally longer duration events with peak intensities between 1 and 2 inches.  The intensity of this event was unprecedented and neither the City conveyance system nor that belonging to the Massachusetts Water Resources Authority (MWRA) was adequate to convey it.      

 As of the present time, the Department of Public Works believes that the various City owned and operated conveyance and mechanical sewer and drainage systems operated to their maximum capacity and that none of the flood impacts were due to failures of any of the various systems or as a result of mechanical or structural problems.  Similarly, in those areas where significant storm water management programs have begun, the extent of flooding was reduced from what it might have been in the past as a result of additional storage and mechanical systems thus far in place.  Nevertheless, property damage was experienced in these areas as well.  The MWRA has also indicated that their systems worked properly during the storm but that they were overwhelmed by the intensity of the event which lead to the various combined sewer systems overflowing (CSOs) to the Charles River and the Alewife Brook.

The City of Cambridge sewer and drainage system is one of five systems (Boston, Cambridge, Somerville, Chelsea and a portion of Brookline) in the greater Boston Metropolitan area constructed as a combined sewer system. Unfortunately, combined sewer systems act to further magnify the impact of events such as that of July 10th as they are subject to surcharging and such can lead to back-ups through domestic sewer services  This is further exacerbated, as many homes and businesses have refurbished and developed below grade facilities for business and habitable purposes over time. Unfortunately, many such properties have inadequate sewer system plumbing protection in place leading to inevitable problems specific to sewer back-ups. 
The US Small Business Administration (SBA) declared the July 10th storm a disaster and allows eligible parties apply for interest free loans so as to address repairs and purchase appliances etc. At present they indicate a application deadlines of September 27th for damage loans and April 27th 2011 for economic injury. Additional information is available using their web site www.sba.gov
Locations Map of calls and emails

Because of the intense nature of the storm the catch basin and inlet capacity of the drainage system in the city was severely taxed during the course of the event. This resulted in significant gathering of water on streets and channels of water being conveyed to topographically low spots in various areas of the city. Thus reports of street ponding and catch basins not taking water were widespread throughout the entire city, but the impact of such was most severely felt in the more low lying areas. [image: image1.png]cITY OF
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The attached map identifies all of the various records of calls or emails for assistance from the community related to flooding and sewer back ups in the aftermath of the rainfall event. As can be seen most of the calls came from the east of the city. Much of the most severe damage was caused in the area adjacent to Cardinal Medeiros Avenue, in East Cambridge, in Kendall Square and the Area 4 community. All of these systems are part of a combined sewer system which drains toward the Massachusetts Water Resources Authority (MWRA) interceptors in East Cambridge and Somerville. The conveyance capacity of the interceptor systems is limited and subject to surcharging during intense events.   
The Area 4 community is acutely affected by the impacts of these severe storms. This is primarily due to the low-lying nature of the area. On July 10th widespread street flooding in excess of 12 to 18 inches of water was experienced in the immediate aftermath of the event as well as backups into homes and businesses on Pine Street, Cherry Street, School Street and other neighborhood streets in the vicinity.     

In the Agassiz community, most particularly in the low lying area south of Beacon Street, approximately 8 to 12 inches of water flooded various sections of various streets in the immediate aftermath of the event. Reports of property damage from street flooding in the neighborhood were received from isolated areas, but sewer back up issues were more pronounced. 
 Similarly, in the low lying area adjacent to the Green, Brookline intersection flood damage was very severe and caused the evacuation of below grade accommodation in the immediate area.  Other streets and neighborhoods in Cambridgeport were also impacted.   Flooding was also experienced in Harvard Square, Riverside and in the west of the City in the topographically lower areas of Homer Avenue and Aberdeen Avenue.    
Of the 243 calls and emails received, approximately 40%  were identified themselves as having sewer backups, 38 %  were identified as having overland flooding and 22% were unclear as to where the water came from and indeed it may have been a combination of both. DPW continues to reach out to those impacted by the storm so that advice can be given and information gathered about the nature of the impact. It is expected that all site visits associated with the storm will conclude within the next month, but DPW staff will continue to make themselves available to people to the extent necessary when people address plumbing repairs etc.    

System Characteristics
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Most of the city’s sewer and drainage systems were constructed in the late nineteenth century and early in the twentieth century. These systems were generally constructed as combined sewer systems, i.e.  Systems that convey stormwater and sanitary flow in the same pipe. Today, as illustrated in the attached map, approximately 58% of the system remains a combined sewer system. Unfortunately, while the majority of the remainder of the system was constructed as a separated system in the 20s and 30s it was compromised by the placement of common manholes throughout. Common manholes are access chambers that allow access between stormwater pipes and sewer pipes.  The construction of these manholes essentially made these supposedly separated systems operate in a fashion similar to the combined sewer systems built previously.    

Until the twentieth century all of these various systems flowed directly into the Charles River and Alewife Brook, both of which were subject to tidal action in the vicinity of the City of Cambridge.  Early in the twentieth century interceptors were built to intercept sewerage and combined sewerage and convey such out to Boston Harbor.  Concurrent with this development the first Charles River Dam was built raising the elevation of the river significantly above its previous elevation. From a flooding perspective both of these actions had a profoundly adverse impact on the capacities of the sewer and drainage systems in the City of Cambridge. The interceptor systems had very limited capacity and this limited capacity propagated upstream thus causing further limitations on the municipal system.    For separated systems, the impounded Charles River caused additional restrictions in the separated storm drainage conveyance capacity and thus the probability of flooding increased.

Because combined sewer systems carry stormwater and sanitary flow, when intense rainfall events strike most of the capacities of these pipes is occupied by stormwater causing surcharging to occur, which result in back-ups into people’s homes and combined sewer overflows to the river.  When systems are separated the sewer flows are no longer subject to the vagaries of the weather and backups are much less frequent if not entirely eliminated.

 System Performance and Design Standards
As has previously been stated much of the City’s existing sewer and drainage infrastructure is relatively old and was built in a different environment with different service level expectations. While there has been much discussion over the last number of years concerning the value of stochastic hydrology and flood frequency forecasting for the purposes of comparison statistical hydrological terms will be used herein.

The conveyance capacity of much of the existing stormwater and combined sewer system in the city is in the order of the two year event or that event which has a probability of exceedance once every two years (3.15 inches of rain in 24 hours).  This capacity constraint is most obviously reflected in the lower lying areas of the city, like the area around Green Street, Bellis Circle, The Crescent Carver area, Homer Avenue, New Street, Green Street and the Pine and Cherry Street areas. Relieving these capacity constraints through the construction of larger conveyance pipes is generally not possible because of flat topography and the minimal elevation differences between the river levels and the street elevation in these areas  Similarly, constructing large diameter stormwater pump stations is not an attractive or sustainable solution, given the physical foot prints required for such , the environmental constraints around large flows with significant momentum being discharged to receiving waters, and the exorbitant capital and life cycle costs associated with their placement and operation. 
In those most vulnerable areas, the city has chosen a different option, utilizing sewer separation, some conveyance improvements, the inclusion of small passive and active pump stations to the extent necessary and retention and detention storage facilities.  The benefit of this approach has been firmly reinforced with water quality improvements and the incorporation of infiltration and low impact development techniques. 

Today when designing new systems, the objective generally  in looking at overall system designs is to provide a ten (10) year twenty four (24) hour event level of service  (4.8 inches) and when feasible to provide a level of service equivalent to the 25 year 24 hour rainfall event (5.4 inches) .  The system is said to be operating at full capacity  when the level of water in drain manholes has surcharged or risen to within 2.5 feet of the street.  Thus for storms in excess of the design storm we are then primarily dependent on street storage, that space available on streets between curbs to provide additional capacity and flood protection until water can be conveyed away by the drainage system.
Specific to the city sewer systems the ultimate objective is to provide a level of service where surcharging doesn’t occur to within six feet of the street surface in the system during the 25 year 24 hour event. This is most readily achieved through effective sewer separation but is significantly more challenging in those topographically flat low areas within combined sewer catchments.  Regardless,  it is imperative that homeowners and businesses who utilize below surface utilities incorporate properly placed backflow prevention devices in their plumbing so as to protect their below grade property from sewer back-ups. As has been indicated earlier at least 40% of the problems that we are aware of in the city associated with the July 10th event were as a result of sewer backups, and the majority of these occurrences were avoidable if properly installed backflow devices were in place.

Specific to private development throughout the City, the Department of Public Works has consistently required private development to incorporate stormwater flood control and stormwater quality control in all projects that have been constructed in the City over the past decade. All building permit applicants who require DPW signoff are required to incorporate stormwater management techniques in their projects. For all large residential and commercial projects stormwater storage systems are required such that the post development runoff from the project area is reduced to the equivalent of the pre construction 2 year runoff for events up to the 25 year 24 hour event. This standard is significantly more demanding than that required by the State Stormwater Policy requirement, which is the standard that Conservation Commissions are required to adhere to specific to the Wetland Protection Act in resource areas.  Thus, redevelopment projects throughout the city actually reduce runoff off project sites thereby increasing the available conveyance capacity in the systems. 
At present, the City of Cambridge municipal sewer and drainage systems operate within the legal framework of a variety of Federal, State and Local laws, ordinances and regulations. The City holds Federal National Pollution Discharge Elimination System (NPDES) permits specific to stormwater discharges and combined sewer and sewer system operations.  Additionally, The MWRA issues an annual permit to the city allowing it discharge into the metropolitan system and have sewer system discharge treated at the Dear Island Treatment plant.  These various permits require the City to further promulgate ordinances, regulations and guidance documents detailing the operation of the various municipal systems. Thus DPW has issued regulations and guidance documents specific to such. The Wetland  Protection Act applies specifically to those resource area within the City, namely, The Charles River, The Alewife Brook, Wellington Brook, Fresh Pond and the wetland and buffer zones around and immediately adjacent to them.  DPW works closely with the Conservation Commission and its director to ensure compliance with the various aspects of the Wetland Act.        
Moving Forward

As is illustrated below, the intensity associated with the event of the 10th of July is significantly in excess of the present design standard which is in and of itself ambitious.  The July 10th event would be viewed as an event with a probability of exceedance of between 100 and 200 years according to a draft study presently ongoing at the North east Regional Climate Center at Cornell University
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As the program to upgrade the City sewer and drainage system infrastructure continues the Department of Public Works expects to again review the design standards presently in use in light of the recent storms. However, given the extremely disruptive construction associated with some of the newly constructed flood protection facilities and the logistical and financial challenges associated with bringing additional elements of the program on line, together with climate change concerns, it is highly unlikely and improbable that systems can be constructed to address storms such as that which occurred on July 10th. Rather a combination of municipal system upgrades together with private property owners incorporating appropriate plumbing and building rehabilitation strategies to better fortify their homes and businesses from flood impacts is necessary as we move forward. To that end the Department of Public Works will continue to work with the community in addressing flood concerns and will disseminate through its web site additional information concerning back flow prevention. 
