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Section 1 
Project Background 

1.1 Introduction 
This report presents Phase II findings and recommendations for the City of 
Worcester's Long-term Control Plan (LTCP) for further mitigation of the water
quality impacts of its combined sewer system's combined sewer overflows (CSOs). It 
was prepared to comply with an administrative consent order signed by the EPA and 
the City on September 18, 2000. The consent order required the City to prepare a two
phased LTCP. 

Phase I of the LTCP identified feasible CSO control alternatives. Phase II selects a 
control plan based on these alternatives. 

This section of the report, Project Background, summarizes the results from Phase I to 
provide the framework for Phase II. This section presents information about: 

• Worcester's combined sewer system (CSS), effectiveness of existing facilities, and 
the CSS's relative impact on the Blackstone River; 

• Future planned improvements at the Upper Blackstone Wastewater Treatment 
Facility (UBWWTF), and how they will further mitigate CSS impacts on the 
Blackstone River; 

• Evaluations of additional alternatives, beyond UBWWTF improvements, to further 
minimize CSS impacts; 

• Financial impacts of potential CSS improvements; and 

• An introduction into Phase II. 

1.2 Worcester's Combined Sewer System 
This is the second facilities plan prepared for Worcester's CSS. The first, in 1975, was 
fully implemented by 1989, at a cost in 2004 dollars of over $84 million. In addition to 
reducing the CSS area by 0.5 square mile, CSS facilities built as a result of that plan 
include four large overflow collectors, a dedicated conduit to carry upstream 
stormwater through the CSS, and the Quinsigamond CSO Storage and Treatment 
Facility (QCSOSTF). Figures 1-1 and 1-2 show, respectively, Worcester's four-square
mile CSS and a schematic of the CSS facilities. 

These facilities have very effectively mitigated the impact of CSOs. In a typical five
year period, there are no dry weather overflows or untreated bypasses; also, 100 
percent of the flow from the CSS is treated. Ninety-four percent of the CSS flow 
receives secondary treatment or better at the UBWWTF. The remaining flow is treated 
at the QCSOSTF, where it is screened, stored, disinfected, and dechlorinated. Few 
communities in Massachusetts or the nation have achieved or will ever achieve this 
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Figure 1-1 
Worcester 's Combined Sewer Area 
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Figure 1-2 
Schematic of the Combined Sewer System 
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Background 

level of performance from their CSS control facilities. Table 1-1 compares CSS 
performance before and after existing CSS facilities were built. 

Table 1-1 

Comparison of System Performance before and after Construction of 
Existing CSO Control Facilities 

Parameter Pre-19,BO Post-1990 
Number of Untreated CS Outfalls >17 0 

Number of Treated CS Outfalls 0 1 

Dry Weather Overflows Yes No 
Number of Untreated Overflow Events Annually 100 (every rainfall) 0 
Number of Treated Overflow Events Annually 0 12 to 24 

Estimated Annual Untreated Overflow Volume (Million Gallons) 1,308 0 
Estimated Annual Treated Volume (Million Gallons) 

Secondary Treatment at UBWWTF (Million Gallons) 0 1,226 

Treatment at QCSOSTF (Million Gallons) 0 82 

The QCSOSTF acts first as a dry weather sewer pumping station, then as a wet 
weather combined sewer-pumping station, and then as a 2.5 million gallon wet 
weather combined sewer storage facility. The QCSOSTF acts as a dry weather 
pumping station to send any flow collected in the overflow collectors or captured in 
the storage tanks following a wet weather event to the UBWWTF for treatment. The 
QCSOSTF acts as a failsafe for preventing dry weather discharges and facilitates 
system troubleshooting. If higher flows than expected are observed at the QCSOSTF 
during dry weather, then crews are dispatched to check system regulators for possible 
malfunctions. Under the conditions described above, all flows reaching the QCSOSTF 
are pumped for treatment at the UBWWTF to the extent that the UBWWTF has 
available capacity to treat the flow. All dry weather flows are treated at the UBWWTF 
and over 75 percent of rainfall events are treated entirely at the UBWWTF. Treated 
discharges from the QCSOSTF occur only 12 to 24 times each year on average. 

When the QCSOSTF does discharge, BOD and TSS are typically reduced by 28 
percent and 34 percent, respectively. During high flow periods, UBWWTF primary 
facilities have BOD and TSS removal efficiencies of 24 percent and 32 percent, 
respectively. Thus, the QCSOSTF performance is comparable to primary treatment 
during high flow events. The QCSOSTF bypasses only in extreme conditions. Since 
going on-line in 1989, only two events have caused bypasses at the facility: Hurricane 
Bob in August 1991 and a 3.2-inch rainstorm the next month that caused widespread 
flooding. None of the large storms in October 1996, June 1998, or September 2001 
caused a bypass. 

Worcester's CSS area covers four square-miles. Effluent from the system is conveyed 
to the QCSOSTF for pumping to the UBWWTF and/ or treatment prior to discharge to 
the Blackstone River. Treated discharges from the QCSOSTF to the river occur 
relatively infrequently. Pollutant loads from Worcester's combined sewer system to 

1-4 



CDIVI 
ML2460 

Section 1 
Background 

the Blackstone River therefore are relatively minor, given that the total drainage area 
to the river at the discharge point is 61.5 square miles. 

1.3 Future Planned Improvements at the UBWWTF 
The Upper Blackstone Water Pollution Abatement District (UBWP AD) recently 
completed facilities planning for improvements to the UBWWTF. The recommended 
improvements consist of a four-phased approach with a total program cost of 
$130,000,000. Phase I will increase the preliminary and primary treatment capacity of 
the existing WWTF from a peak of 119 mgd to a peak of 160 mgd, which will result in 
a significant improvement in CSO control for the City of Worcester. Phase I will also 
include disinfection and dechlorination facility improvements. Phase II will include 
upgrades to the existing secondary treatment processes, including addition of 
biological nutrient removal (BNR). Phase III will include sludge management system 
improvements. Phase IV will include additional secondary treatment improvements 
as appropriate following evaluation of facilities implemented in the prior three 
phases. 

Increased WWTP capacity is the foundation of many communities' CSO Long-term 
Control Plans, and the cost of the increased capacity is typically included in CSO 
Long-term Control Plan implementation. Phase I improvements at the UBWWTF 
carry a cost of $44.3M and will be constructed between 2004 and 2006. Worcester's 
share of this cost as the largest contributor of flows in the UBWPAD service area is 
approximately $40M. The cost of high flow management facilities to be implemented 
under Phase I to handle higher peak wet weather flows is approximately $13M. 
Worcester's share of this cost is $11.7M. Adding the high flow management costs to 
the $84M already spent on combined sewer system facilities raises the total 
investment in CSO controls to date to approximately $96M, prior to implementation of 
Long-term Control Plan recommendations. 

The planned upgrades will enable the UBWWTF to handle larger future flows at 
higher treatment levels, and will also accommodate high flows during storm events, 
thus improving CSS performance. The most significant improvement will be the 
operational protocol for pumping from the QCSOSTF to the UBWWTF. Currently, the 
QCSOSTF can pump to the UBWWTF only when there is excess capacity at the 
UBWWTF. When flow exceeds 54 to 70 mgd into the UBWWTF, pumping from 
QCSOSTF typically ceases to protect the secondary treatment processes, which are 
sensitive to wide variations in peak flow. With UBWWTF expansion, pumping will 
continue until flow at UBWWTF reaches 140 mgd. This is 20 mgd less than the 
planned new peak capacity of 160 mgd. The 140 mgd cutoff is designed as a safety 
measure to prevent influent flows from exceeding plant capacity. Flows from 
Worcester's combined sewer system represent only a small portion of the total 
influent flow at the UBWWTF. The majority of flow entering the UBWWTF comes 
from member communities' sanitary sewer systems. During wet weather, the 
sanitary systems contribute large quantities of infiltration and inflow (1/1). Therefore, 
pumping from the QCSOSTF needs to be regulated accordingly to reserve capacity for 
these flows. 
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Section 2 
Phase /I Alternatives Analysis 

The Kelly Square gate is upstream of the diversion channel and so this does not 
increase the head on the diverted flows. An inflatable dam or secondary gate would 
need to be installed downstream of the diversion channel. This would complicate the 
operation of the existing Kelly Square Control Station and also lead to increased 
operation and maintenance demands for relatively small return given the amount of 
available capacity in the interceptor for increased diversion flows. In light of these 
considerations, it was determined that the Kelly Square Control Station and flow 
diversion should be activated as originally designed before implementing additional 
enhancements that may complicate O&M to the point that the gate is not used 
regularly. Increasing the flow diversion to the Western Interceptor will not be 
considered further as part of this Phase II evaluation. However, once the station is 
activated and operated for some time, the City may choose to enhance the 
performance of the station with the addition of an inflatable dam or secondary gate to 
maximize the amount of flow diverted to the Western Interceptor at Kelly Square in 
the future. 

2.3.4 QCSOSTF Pump Capacity Increase 
The QCSOSTF currently pumps flows collected in the overflow collectors back into 
the interceptor system for gravity flow to the UBWWTF. If sufficient capacity is not 
available at the UBWWTF, the QCSOSTF large sewage pumps are deactivated and the 
water surface elevations at the QCSOSTF begin to rise. The pumps are deactivated to 
protect the advanced treatment processes and to reserve capacity for flows conveyed 
from other areas of the District. The water surface elevations also begin to rise if the 
pumps cannot keep up with flow entering the QCSOSTF via the overflow collectors. 
Once the wetwell elevations rise above a certain level, the QCSOSTF effluent gates 
open and treated flows are allowed to discharge to the Mill Brook. Therefore, if the 
capacity at the UBWWTF is increased, as planned, allowing more wet weather flows 
to be pumped to the UBWWTF and the pump capacity is increased to keep up with 
incoming flows, the frequency and volume of treated overflows at the QCSOSTF will 
decrease. The QCSOSTF pump modification options, costs and benefits are discussed 
further in this section. 

Existing Conditions 

As shown in Figure 2-5, the QCSOSTF is equipped with 2-6,000 gpm sewage pumps, 
2-600 gpm drain pumps, and 1-600 gpm scum pump, for a total pumping capacity of 
19.9 mgd. The drain pumps run as needed to pump flow collected in the overflow 
collectors during dry weather to the 48-inch Western Interceptor in Quinsigamond 
Avenue via an 8-inch diameter, 240-foot long force main. The scum pump and 
sewage pumps activate only during wet weather events. The scum pump sends flow 
to the Western Interceptor via a 6-inch diameter, 200-foot long force main. The sewage 
pumps send flow to the 72-inch Main Interceptor downstream of the siphons in 
Brosnihan Square via a 24-inch diameter, 1,200-foot long force main. The interceptors 
convey flow by gravity to the UBWWTF. As influent flows at the UBWWTF 
approach treatment capacity, the 6,000 gpm pumps at the QCSOSTF are deactivated 
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to prevent washing out the treatment process. The deactivation currently happens 
when UBWWTF influent flows reach 54 mgd to 70 mgd. This shutdown point is 
expected to increase to 140 mgd with the planned expansion at the UBWWTF. 

All five pumps draw flow from suction headers connected to a 4-foot wide by 8-foot 
long by 6.5-foot deep wetwell and the 2.5 million gallon chlorine contact tanks. The 
wetwell is located downstream of l-inch bar screens. Given the relatively small size 
of the wetwell or sump, the influent channel to the QCSOSTF and overflow collectors 
generally act as the wetwell in storm events. There are currently two 6-inch diameter 
suction headers, from which the two drain pumps and one scum pump draw their 
flow, and one 30-inch suction header, from which the two sewage pumps draw their 
flow. During dry weather, the suction header valves to the contact tanks typically 
remain closed and the valves to the wetwell are open. The suction header valves to 
the contact tanks are opened if the contact tanks require dewatering. 

Pump Specifications 
All five pumps are Wemco pumps. The 600 gpm drain and scum pumps are 
equipped with 10 HP, fixed speed motors, operating at 1150 rpm. The total dynamic 
head (TDH) for the 600 gpm scum and drain pumps is 42 feet. The majority of the 
TDH appears to be associated with friction losses in the 8-inch and 6-inch force mains, 
since the static head is relatively low «14 feet). 

The lead 6,000 gpm sewage pump is equipped with a 2-speed, 100 HP motor. The 
lead pump low speed (585 rpm) comes on at a wetwell water surface elevation of 
426.75. The higher speed (885 rpm) is activated once the wetwell reaches 427.0. The 
lag pump is equipped with a fixed speed (885 rpm) 100 HP motor, which is activated 
when the wetwell reaches an elevation of 427.5. The total dynamic head for the 6,000 
gpm sewage pumps is 44 feet. The majority of the TDH appears to be associated with 
friction losses in the 1,200 foot long, 24-inch force main, since the static head is 
relatively small «13 feet). 

Pump Capacity Improvements 
Essentially the goal is to increase the wet weather pumping capacity of the QCSOSTF 
to deliver more flow to the UBWWTF and reduce treated discharges at the QCSOSTF. 
There are three options that were considered for increasing the pumping capacity in 
the Phase I report. These options are shown in Figure 2-5. The first is to maximize the 
pumping capacity of the existing 2-6,000 gpm pumps through modifications to the 
motor and/ or impeller. The second is to replace the existing 2-6,000 gpm pumps with 
higher capacity pumps. The third is to install submersible pumps in the existing 
chlorine contact tanks to supplement the existing pumps. These three options were 
evaluated further during Phase II to determine the most viable approach in terms of 
feasibility, cost, and effectiveness in reducing treated discharges at the QCSOSTF. 
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