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Everyone agrees that effective planning 
pays off. Yet, while the concept is philo
sophically irrefutable, it can be difficult 

to implement, particularly in the face of a cri
sis and the pressing need to act. The tendency 
to move forward without proper planning is a 
well-known human trait - and one that con
tradicts our logical understanding of the need 
to invest in planning for the long term. 
However, investing the appropriate resources 
to study and plan before taking action is 

essential to ensure a successful outcome, and 
the facilities plan developed for the Boston 
Harbor Project (BHP) is a fine example of this 
truism. 

Completed in 1988 and further refined 
seven years later, the BHP' s Secondary 
Treatment Facilities Plan proved a reliable, 
innovative and forward-thinking guide for 
what was one of the most complex wastewater 
treatment projects ever undertaken in the 
United States. This plan: 

• detailed an extremely effective manage
ment structure, 

• established the technical components for 
secondary treatment of wastewater, 

• required minimal changes (thereby keep
ing the massive design and construction 
project on schedule), 

• outlined measures to manage costs and 
other institutional factors, and 

• provided for a wide range of public sup
port: 

The plan's scope - which encompassed an 
unusually broad range of technical, regulato-
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FIGURE 1. Deer Island in 2002. 

ry, financial, public and community-related 
concerns - ensured that the project would 
"secure and sustain the acceptance and sup
port of the diverse community, government, 
and business interests that it affects."1 The 
process of developing the plan then was not 
merely a technical exercise resulting in a tech
nical document, but an intense and dynamic 
program that produced a document that 
would prove a valuable guide through the 
thirteen-year design, construction and start
up process, and is expected to remain viable 
through 2020. 

The harbor's cleanup has been widely 
hailed as a model of effective consensus build
ing, design and construction management on a 
"mega" scale, and as a model of technical inno
vation as well. The overall planning approach 
and individual plan components contributed 
to an extremely successful project outcome. 
The project was completed in November 2001, 
with the performance of final site work land
scaping and paving (see Figure 1). The final 
treatment facilities - the 9.5-mile-long efflu-
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ent outfall tunnel and the third battery of the 
secondary treatment facility -went into oper
ation on September 6, 2000, and March 8, 2001, 
respectively. Of the fifteen schedule milestones 
established in the federal court order that 
launched the BHP, all of them have been com
pleted. Moreover, the project finished about 15 
percent ( or $500 million) under the original 
budget. Additionally, the change order per
centage on plant construction averaged 10.8 
percent of the award value, only slightly above 
the 10 percent target established for the proj
ect. Likewise, the costs of managing the pro
gram represented 10 percent of total program 
costs. Most importantly, the finished facilities 
are· treating and disposing of the wastewater 
generated by 2.5 million Boston-area residents 
and 5,500 businesses - meeting the permit 
requirements and resulting in demonstrable 
water quality improvements. 

Setting the Stage for 
Facilities Planning 
The disposal of sewage and other waste into 



FIGURE 2. Deer Island before the construction of the new facilities. 

historic Boston Harbor for 300 years had 
markedly reduced water quality, deteriorated 
habitat, polluted beaches and affected the 
quality of life for residents in neighboring 
areas. The two primary treatment plants at 
Nut Island and Deer Island had deteriorated 
and were inadequate to handle the volume 
and characteristics of the wastewater trans
ported to them for treatment (see Figure 2). 
Regulators and neighboring towns alike rec
ognized that the combined discharge of both 
primary effluent and sludge from these facili
ties to the harbor's relatively shallow waters 
posed a severe strain on its ecosystem. 

The 1982 litigation by the City of Quincy, 
site of the then 30-year old Nut Island primary 
treatment plant, ultimately led to the creation 
of the Massachusetts Water Resources 
Authority (MWRA) in 1984 to operate, regu
late, finance, rehabilitate and modernize the 
waterworks and sewerage systems serving 
greater Boston. Today, the MWRA provides a 
combination of water supply and distribution 
services, as well as wastewater collection: and 

treatment services, to cities, towns and special 
purpose districts within the Commonwealth 
of Massachusetts. 

Nearly as quickly as it was created, the 
MWRA found itself in court to begin the long 
process of planning for, and ultimately exe
cuting, a comprehensive program to clean up 
Boston Harbor. In 1986, the MWRA formally 
entered into a federal court order that out
lined fifteen critical schedule milestones relat
ed to the construction of new wastewater 
facilities to begin in October 1990 and culmi
nate in December 1999 with all treatment 
facilities constructed. Failure to meet this 
schedule could have resulted in sanctions as 
severe as $10,000 in fines daily for each viola
tion of the Clean Water Act. The MWRA rec
ognized the need to develop a comprehensive 
plan that would guide the process. Adding to 
the many challenges already inherent to the 
process was the fact that the MWRA was a 
new organization - one that had not yet had 
opportunities to establish itself as a credible 
or valuable water authority in the eyes of the 
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public and others. In fact, the plaintiffs in this 
suit did not believe that the MWRA had the 
expertise necessary to oversee such a large 
project. But as time went on, the plaintiffs 
came to respect the MWRA and to support its 
comprehensive efforts to improve water qual
ity in Boston Harbor. 

Establishing the Course 
for the Cleanup 
In 1986, the MWRA contracted with an engi
neering consultant to undertake the develop
ment of a facilities plan. As completed in 
1988, the plan formed the foundation for the 
MWRA program to construct and operate · 
new wastewater treatment facilities. 
Development of the facilities plan involved 
hundreds of meetings and difficult decisions 
about siting large and complex facilities, envi
ronmental protection and mitigation, as well 
as the logistics of construction in a densely 
populated urban environment. In fact, facility 
siting issues were so complex that they were 
addressed in a separate siting decision plan. 

The MWRA used eight criteria to evaluate 
the eight site options presented in the draft 
environmental impact report (EIR). Of these, 
the MWRA determined that three criteria -
implementability, impacts on neighbors and 
reliability - were neutral in the siting deci
sion. The fourth criterion - the equitable dis
tribution of . regional impacts - favored 
options that located treatment facilities on Nut 
Island or Long Island. The other four criteria 
of harbor enhancement - impacts on cultural 
and• natural resources, cost and non-environ
mental mitigation - favored Deer Island as 
the best site for the wastewater treatment 
facilities. After evaluating the criteria, the 
MWRA designated Deer Island as the most 
suitable site for the new wastewater treatment 
facilities. In addition, the final EIR included 
the MWRA's commitment to both short- and 
long-term mitigation measures to reduce 
impacts on communities where the facilities 
were to be constructed (including limits on 
noise and odors) and to the barging and bus
ing of construction materials and workers to 
minimize negative impacts on local traffic pat
terns. The facilities plan recommended the 
facilities needed (including secondary treat-
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ment of a peak flow of 1,080 million gallons 
per day [mgd] in four batteries of pure-oxygen 
activated sludge and primary treatment for a 
peak flow of 1,270 mgd), provided prelimi
nary design sketches and costs, and evaluated 
the environmental impacts and necessary mit
igation measures. In the absence of extensive 
historical flow and load data, the plan provid
ed for conservative capacities. It was under
stood that these capacities might be modified 
as the MWRA collected additional data a few 
years into the project. Notably, the plan also 
outlined significant commitments (made as 
part of the siting decision plan) to restrict noise 
and air emissions during both construction 
and facility operations and proposed bus, 
water and barge transportation to the site dur
ing construction so as not to burden nearby 
communities. Moreover, the plan provided for 
extensive community involvement, which was 
to prove critical as the project moved forward. 

From the outset, the MWRA was commit
ted to making the plan a model of public par
ticipation and consensus building, with the 
understanding that the plan must be support
ed by a diverse community that represented 
both private- and public-sector interests. 
Thus, as the planners noted, "the planning 
process was based not on technical strength 
alone, but also on the continual reconciliation 
of political, legal, environmental, economic, 
and community interests."1 

As part of this planning process, major 
decisions were made to select an appropriate 
wastewater treatment process, to size and 
locate conduits and pumping stations, and to 
plan the initial site preparation program for 
construction of the Deer Island treatment 
facility. The team considered the following 
broad criteria in evaluating alternatives: 

• Environmental criteria (including air 
emissions, noise, traffic , and marine 
resources) as well as measurements of 
potential environmental impacts of each 
alternative. 

• Technical criteria, which focused on engi
neering issues such as reliability, flexibili
ty, constructibility, operational complexi
ty, area requirements, staging require
ments and power needs. 



• Cost criteria, which presented the finan
cial investment necessary to construct and 
operate the alternatives. 

. • Institutional criteria,· which assessed the 
differences among alternatives according 
to the time required for construction and 
coordination among many public and pri
vate entities. 

The resulting plan incorporated these four cri
teria and other considerations into recommen
dations presented in eight volumes, with 
more than 20 detailed technical appendices, as 
follows: 

• Volume I - Executive Summary 
• Volume II - Facilities Planning Back

ground 
• Volume III - Treatment Plant 
• Volume IV - Inter-Island Conveyance 

System 
• Volume V - Effluent Outfall 
• Volume VI - Early Site Preparation 
• Volume VII - Institutional Consider

ations 
• Volume VIII - Public Participation and 

Responsiveness Summary · · 

Four volumes alone (III through VI) 
· addressed planning efforts for the new facili

ties needed to provide secondary treatment. 
The facilities plan was completed early in 

1988, and construction work officially began 
on the BHP that same year. During the next six 
years, the MWRA worked to substantially 
increase its database on influent flows and 
loads in preparation for the detailed design 
and construction of the appropriate secondary 
treatment facilities. Additionally, a 2-mgd 
pilot plant on Deer Island was constructed to 
obtain operating information specific to the 
plant wastewater. Simultaneously, increased 
attention nationwide on innovative and 
emerging technologies further encouraged the 
MWRA to reassess secondary treatment and 
sludge processing technologies at Deer Island. 

In fact, the 1988 facilities plan and schedule 
had anticipated the need to collect exactly 
these kinds of additional data to refine the 
design of the secondary treatment facilities. 
Lack of reliable flow data led facilities plan-

ners to size the plant for. the maximum trans
mission capacity to the Deer Island plant. 
Therefore, the facilities plan established suffi
cient flexibility in the design and construction 
schedule to provide an opportunity to 
reassess the capacity of the remaining half of 
the proposed secondary treatment facilities 
and associated residuals handling facilities. 
Beginning in 1993, after all the facilities pro
posed for primary treatment and the initial 
portions of the secondary treatment system 
were either under construction or had at least 
been designed, the planning team: 

• Critically examined recent flow and load 
data. 

• Generated performance goals and design 
criteria necessary to comply with antici
pated water quality and National Pollut
ant Discharge Elimination System 
(NPDES) requirements. 

• Reviewed recent innovative/ emerging 
technologies (including chemically 
enhanced primary treatment) for possible 
application to the project. 

• Validated design criteria through testing 
at the 2-mgd pilot plant. 

• Evaluated alternative scenarios for com
pleting the Deer Island facility in terms of 
its ability to meet standards, projected 
impacts on residuals processing, cost, 
operational flexibility, continuity with 
existing facilities and overall desirability. 

The goal of this enhancement to the facili-
ties plan was to recommend cost-effective 
facilities that would be able to meet NPDES 
secondary treatment requirements even dur
ing storm flows (when the MWRA' s combined 
sewer overflow abatement program - con
currently being developed - would maxi
mize flows to Deer Island). During the initial 
facilities plan, it was determined that during 
storm events not all flows would require sec
ondary treatment and primary effluent could 
be blended with secondary effluent. These 
blended flows would comply with secondary 
treatment effluent requirements. Based on the 
new flow data, the team reassessed the capac
ity needed for the secondary treatment facili
ties. The testing program evaluated the effects 
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of various blend ratios of conventional or chem
ically enhanced primary treatment with second
ary treatment to determine the optimum-sized 
plant that would meet secondary effluent 
requirements during wet weather. Effluent 
variability data from similar plants and from 
the pilot plant helped construct frequency dis
tributions for use in detailed mathematical 
modeling of the blended effluent's quality. 

The modeling helped to validate a signifi
cant downsizing of secondary facilities 
required to meet all secondary standards dur
ing wet weather. The required capacity of the 
secondary facilities was determined to be 780 
mgd, versus the 1,080-mgd capacity anticipat
ed in the 1988 plan. This change in capacity 
meant, among other outcomes, that one of the 
four originally proposed batteries for second
ary treatment and 25 percent of the residuals 
digesters would not be required, saving $160 
million in capital costs. 

Regulatory approval was achieved in 1995 
when the U.S. Department of Environmental 
Protection and the federal court accepted the 
"Plan for Completion of Deer Island 
Facilities" based on the reassessment efforts. 

Ensuring Long-Term Success 
Through Key Planning Elements 
There is no question that even· though the 
facilities plan was broad in its scope that it 
was also extremely thorough. It addressed all 
the necessary technical aspects for a complex 
program - requiring five volumes to do so -
but also covered management issues, public 
involvement and education, and a host of 
institutional factors designed to facilitate the 
program and control costs. 

A Unique Management Approach. Faced with 
a pressing court-ordered schedule, intense 
public demand for cost control and large 
logistical challenges, the MWRA needed to 
conceive an effective management structure 
that would smoothly move the project from 
the planning stage through design, construc
tion and start-up. The MWRA needed to 
maintain adequate control over the design 
and construction of the new facilities, effec
tively manage the $4.0-billion project while 
simultaneously implementing a $100-million 
per year system-wide capital rehabilitation 
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program and define and organize the roles of 
the private-sector resources. 

In September 1987, the board of directors of 
the MWRA endorsed the concept of a unique 
three-way management scenario under which 
overall project control remained with the 
MWRA, but private consultants managed 
day-to-day construction activities and served 
as the lead design engineer. In this way, the 

. owner provided strong overall direction 
through its own staff (the MWRA Program 
Management Division, which was dedicated 
solely to the BHP) and was supported by the 
expertise and resources of a private-sector 
construction management team. This manage
ment structure was first recommended in 1987 
and formalized with the 1988 facilities plan. In 
2000, as the project reached completion, the 
structure was reorganized, with the MWRA 
creating a Consolidated Operating Division, 
and the Program Management Division 
becoming a department 'within the larger 
operating entity. During the critical years of 
the BHP, the dedicated Program Management 
Division structure provided several benefits: 

• Created a team with the sole responsibili
ty and total focus to get the job done. 

• Having a team dedicated to the project 
prevented it from consuming the 
resources of other MWRA divisions, 
which had their own ongoing responsibil
ities for large capital improvement proj
ects. 

• Gave the MWRA the opportunity to iden
tify and recruit qualified people both 
from within and outside its organization. 

• Provided close coordination between con
struction and support activities, such as 
logistics, safety, labor relations and 
owner-supplied services. 

Earning Public Support. The facilities plan 
notes that, "[t]hrough the [comprehensive 
public participation effort], the [MWRA]'s 
dialogue with the public has been ongoing, 
and important policy decisions have been 
made and will continue to be made within the 
context of maximum public knowledge and 
participation."1 More than 300 public meet
ings were held, many of them resulting in 



FIGURE 3. An egg digester being lifted into place. 

agreements and formal memoranda of under
standing that addressed the concerns of vari
ous community groups and towns. Three 
negotiated terms were especially key: the 
need to ferry people and equipment rather 
than drive vehicles, as well as defined noise 
and odor limits. The agreement to use barges 
or ferries reduced the need for truck and other 
construction vehicle traffic through Boston 
and the abutting town of Winthrop. The cre
ation of a landscaped hill at Deer Island's 
northern tip minimized construction-related 
noise impacts on Winthrop, minimized the 
amount of excavate removed from the island 
and provided a permanent visual barrier for 
the town that screens the plant from view. 
Odor control measures were also incorporated 
into the facilities' designs. 
· Similarly, an unusually aggressive sched
ule for completing the primary facilities was 
intentionally established, partly so that the 
public and the regulators would witness tan
gible progress toward remediating the harbor 
as early as possible. In addition, the plan pro
vided a way for the public to begin seeing sig-

nificant improvements in the water quality of 
Boston Harbor through two early court mile
stones, the cessation of scum and sludge dis
charges into the harbor by the end of 1989 and 
1991, respectively. As a result, visible 
improvements were apparent at a time when 
water and sewer rates were rising. 

Achieving Technical Accuracy. From 1988 
until the project completion, the basic layout 
of the planned facilities changed minimally, 
testament to the exhaustiveness of the plan 
preparation and the collective abilities of the 
BHP team to design and construct the facilities 
as planned. The integrity of the designs con
ceptualized in the facilities plan led to expedi
tious detailed design and corresponding 
adherence to the schedule. The application of 
innovative approaches, such as the use of 
stacked clarifiers to minimize -the facilities' 
footprint, was facilitated by the plan. Egg
shaped digesters - a technology that had 
been used in Western Europe - were selected 
because of their more efficient mixing abilities 
and reduced maintenance requirements (see 
Figure 3). Like the stacked clarifiers, the eggs 
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provided a smaller footprint that was easier 
to accommodate in the limited space avail
able on Deer Island. Today, the unit capacity 
of the egg digesters is among the largest 
presently operating, and the concentration of 
twelve units on one site make the Deer 
Island installation one of the largest in the 
world. Other technical innovations, such as a 
large onsite power plant and hydro-electric 
turbine facility, also addressed cost sensitiv
ities. 

Combining Facilities Planning With Sched
uling. The contracted engineering consultant's 
involvement in schedule development actual
ly preceded development of the facilities plan, 
when the consultant helped the MWRA devel
op and negotiate a schedule for the court 
order - essentially the same schedule that 
was later incorporated into the facilities plan. 
In addition to the project's valuable public 
support benefits, the incorporation of the 
schedule into the facilities plan helped to con
trol costs. The early schedule development, 
along with permit packaging techniques, also 
allowed the MWRA and its program manager 
to monitor and expedite the regulatory review 
process during design and construction. 
Careful scheduling also made it possible to 
coordinate the concurrent Massachusetts 
Environmental Policy Act BIR process and the 
U.S. Environmental Protection Agency envi
ronmental impact statement (EIS). 

Monitoring Water Quality. The MWRA 
knew that it would need to justify the large 
expenditures of public funds being used for 
the project, so in 1987 it formed a Harbor 
Studies Group specifically charged with the 
task of tracking water quality improvements 
directly resulting from the project and devel
oping the baseline data to determine effects on 
receiving waters over time from the outfall 
tunnel. The data from the monitoring . pro
gram allowed the MWRA to identify sources 
of contaminants and prioritize spending. 
Finally, the monitoring program gave the har
bor project added scientific credibility and 
gave the public the needed assurance that the 
MWRA would not allow the harbor to return 
to its previous polluted condition. 

Managing Costs. The $3.5-billion price tag 
associated with this mammoth project subject-
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ed MWRA customers to a substantial financial 
burden, with water and sewer rates quadru
pling over the life of the project. Further com
plicating the situation was the fact that the 
Massachusetts economy, which. boomed 
throughout much of the 1980s, began to stall 
just as construction was about to begin on the 
project's first phases. Building on the cost con
trol approaches set forth in the facilities plan, 
the MWRA adopted a number of strategies to 
control costs: 

• A design management structure that 
focused on controlling costs through the 
oversight provided by the lead design 
engineer, the innovative use of computer
assisted design and the early incorpora
tion of cost, constructibility and operabili
ty concerns into the design. 

• The logical packaging of construction 
contracts to create maximum price com
petition, facilitate contract management 
and maximize economy of scale. The facil
ities plan organized the program into 
approximately ten packages, later refined 
into more than 160 separate design and 
construction contracts. The MWRA and 
its ratepayers gained several advantages 
from this type of contracting approach. 
These benefits helped maintain the sched
ule and helped organize the project into 
discrete, operable units, thereby making 
the project more manageable and avoid
ing the undesirable situation of having to 
delay one contract while waiting for 
another to go online. These contracts were 
then assembled into biddable and bond
able packages that facilitated bidding by 
local firms - important to the local econ
omy and to the MWRA' s commitment to 
the community. 

• The use of an aggressive outreach effort to 
attract bidders, which resulted in work 
being awarded to local firms approxi
mately 70 percent of the time. These bids 
were generally below engineers' esti
mates. 

• Detailed staffing projections and proce
dures for identifying staffing needs and 
for recruiting and training qualified staff 
to participate in the project. 



• The use of long-term contracts to stabilize 
the costs of key construction support serv
ices, such as the water transportation sys
tem and the onsite supply of power, con
crete and fuel. 

• A carefully conceived program covering 
the logistics and complexities of executing 
large construction contracts on a peninsula 
- and one that, through agreement with 
the nearest town, could only be reached 
almost entirely by water. The team was 
only permitted to move eight construction 
vehicles per day over the road network. 
The site lacked sufficient power to operate 
the equipment needed to build the treat
ment facilities. Nor did it provide any of 
the conveniences of the typical construc
tion site, such as the ability to truck in con
crete, provide food for workers or dispose 
of trash. Instead, all these considerations 
had to be addressed through the facilities 
plan, which provided a program to make 
Deer Island self-sufficient for construction. 
The plan conceptualized this network of 
support services and facilities and . it set 
forth recommendations and procedures 
for construction utilities, an onsite concrete 
plant, a backup power plant, a dedicated 
hazardous waste management facility, a 
first aid station, a fuel station, a construc
tion debris pickup center, employee trans
portation, street sweeping and the many 
other logistical considerations needed to 
support construction. 

The uninflated total cost of the program 
was estimated in the facilities plan to be $2.7 
billion in 1988 dollars. Using mid-1980s infla
tion rates for Boston area construction, the 
inflated estimated price tag was expected to 
be $6.1 billion. Over the past decade, the pro
gram grew at a rate of 2.3 percent per year 
through scope changes, inflation and other 
factors. However, the final cost is still estimat
ed at $3.5 billion, owing to many factors, but 
in part to the efficacy of the facilities plan. 

Summary 
The facilities planning process for the BHP 
was based on the continued reconciliation of 
political, legal, environmental, economic and 

community interests, in addition to technical 
strength. For thirteen years, it served as effec
tive guidance for one of the world's most chal
lenging public works projects, and offers a 
solid model for other complex projects. 
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