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1 INTRODUCTION AND PURPOSE 

1.1 Project Background 

The City of Portsmouth has been issued a Consent Decree by the US Environmental Protection Agency 
(EPA) to upgrade the existing Peirce Island Wastewater Treatment Facility (WWTF) to provide secondary 
treatment.  In response to the requirements of the Consent Decree, the City completed a Draft 
Wastewater Master Plan and Long Term Control Plan Update (WWMP/LTCP Update).  The Draft 
WWMP/LTCP Update was developed to address the requirements of the Consent Decree while also 
taking into consideration the long term needs of the City’s wastewater collection and treatment system.   

The City presented its Final Wastewater Master Plan in November, 2010.  The compliance strategy was 
focused on upgrading the existing WWTF to include secondary treatment and stay within the existing 
fence line.  This was planned to be accomplished by reusing the existing Filter Building at the Peirce 
Island WWTF to achieve secondary treatment in accordance with the National Pollutant Discharge 
Elimination System (NPDES) permit issued in 2007.  The compliance strategy was based on using high 
rate, small footprint treatment technologies to provide secondary treatment. The Final Wastewater Master 
Plan Submission recommended that the technologies be piloted to determine the most applicable 
technology for use in upgrading the Peirce Island WWTF in the compliance strategy.  It was also 
recommended that due to a lack of data on existing wastewater characteristics, a wastewater 
characterization program be completed during the piloting effort.  The piloting program was then 
undertaken in phases.  

1.1.1 WWMP Piloting – Phase 1 Engineering Evaluation 

In the Phase 1 Engineering Evaluation, potential high rate technologies were identified, developed, and 
compared to select the most promising technologies for piloting in Phase 2, the Initial Piloting Phase. As 
part of the Phase 1 Engineering Evaluation, existing flow and loading data for the Peirce Island WWTF 
were reviewed to identify projected dry weather flows and loadings for the proposed secondary treatment 
processes. The projected flows and loadings were used in developing conceptual planning level unit 
process sizes and estimated capital, operating, and maintenance costs for each technology for 
comparison.  

The eight technologies considered included:  

 Biological Aerated Filter (BAF) 
 Sequencing Batch Reactor (SBR) with BioMag 
 Conventional Activated Sludge (CAS) with BioMag 
 Moving Bed Bioreactor (MBBR) & ActiFlo 
 Moving Bed Bioreactor (MBBR) & CoMag 
 Moving Bed Bioreactor (MBBR) & DAF 
 Membrane Bioreactor (MBR) 
 Conventional Activated Sludge (CAS) 

Each technology was evaluated to review its ability to achieve different treatment levels including 
conventional secondary treatment (monthly average BOD5 and TSS of less than 30 mg/L) and nitrogen 
removal to monthly average concentrations of 8, 5 and 3 mg/L. Each technology was objectively 
compared to one another using a weighted evaluation matrix to rank the technologies. Based on this 
review, piloting was conducted for BAF (Option 1), CAS with BioMag (Option 3), and MBBR and DAF 
(Option 6) in the Phase 2 Initial Piloting effort.   The results of this evaluation were summarized in the 
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Task 1.7 Technology Evaluation Final Technical Memorandum dated September 26, 2011, hereinafter 
referred to as the Phase 1 Evaluation.   

1.1.2 WWMP Piloting – Phase 2 Evaluation 

The primary focus of the Phase 2 Initial Piloting was to evaluate the ability of the three technologies to 
meet the secondary treatment effluent limits as defined in the NPDES permit issued to the City by EPA in 
2007. The pilot protocol was later revised to evaluate the ability of the three processes to meet effluent 
nitrogen levels of 8 mg/l and 3 mg/l.  Other goals of the piloting effort included: 

 Complete a wastewater characterization program to define the loadings to be treated at the 
upgraded WWTF. 

 Establish the design flows for the upgraded WWTF. 
 Confirm Manufacturer/Vendor sizing criteria and space requirements to provide secondary 

treatment/nitrogen removal using each technology. 
 Define technology performance under varying flow conditions. 
 Identify operational and maintenance factors specific to each technology. 

 

In accordance with the City’s Consent Decree, a Piloting Technical Memorandum was submitted. This 
memorandum showed that all three of the technologies were capable of consistently achieving 8 mg/L 
and inconsistently achieving 3 mg/L total nitrogen in the effluent. The memorandum included a life cycle 
cost summary which showed that the BAF technology had the lowest life cycle cost of the three piloted 
technologies. Additionally, the BAF was shown to have the highest value ratio based on an evaluation of 
qualitative factors important to the long-term operation and maintenance of the facility. AECOM 
recommended the BAF technology for implementation at the Peirce Island WWTF based on these 
findings. Further development of the concept showed that it was able to fit within the existing fence line. In 
April 8, 2013, the City Council voted to move forward with the design of a two-stage BAF system capable 
of achieving 8 mg/L on a seasonal rolling average basis and construct all of the necessary upgrades 
within the existing fence line.  

 

1.2 Purpose 

The purpose of Phase 1 Design is to advance the design of the necessary upgrades to approximately the 
10% level. Major facets of this phase of the design include: 

 Site investigations 
 Preliminary permitting 
 Advancement of the process and hydraulic design  
 Evaluation of the existing facilities 
 Development of construction constraints, and 
 Review of potential sustainable features 

At the conclusion of this phase, the design concept will be advanced to the point where the scope of the 
upgrade is clear. This report summarizes the list above and provides a comprehensive picture of what is 
envisioned to be included in the plant upgrade project. 

Prior to this report, a number of draft memoranda were prepared on these topics. These memoranda are 
the basis of this report and are attached. However, in some cases, changes have been made to the 
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concepts presented in the draft memoranda as the project progressed. This report presents the most up 
to date information. 

 

1.3 Consent Decree Requirements 

The Consent Decree between the City and EPA was executed in August 2009 and modified in July 2012 
and contained milestones and dates for the completion of the Draft and Final WWMP/LTCP Updates.  
The City has met the required milestone dates contained in the original Consent Decree.  During the 
course of the piloting evaluation, EPA and the City negotiated a modification to the Consent Decree which 
contains further milestones and dates for implementation of both the CSO Long Term Control Plan 
projects and the upgrade of the Peirce Island WWTF to secondary treatment.  The relevant milestones 
and dates for the Peirce Island WWTF upgrade are presented in Table 1-1 and reflect the modified 
Consent Decree from July 2012.   

Table 1-1. Consent Decree Modification Peirce Island WWTF Milestones and Dates 

Milestone Action Date 
The City shall complete pilot testing of potential treatment technologies for 
achieving secondary treatment, including, but not necessarily limited to:  
Biologically Aerated Filters (BAF), BioMag, Moving Bed Biofilm Reactors (MBBR) 
w/ Dissolved Air Flotation (DAF), and  Conventional Activated Sludge with BioMag. 

June 30, 2012 

The City shall complete a data summary relative to the pilot testing. July 30, 2012 
The City shall submit a Piloting Technical Memorandum that includes data from 
piloting and a recommendation on the design and capacity of secondary treatment 
facilities 

October 1, 2012 

The City shall commence final design of secondary treatment facilities.   July 1, 2013 
The City shall complete design of secondary treatment facilities. August 31, 2014 
The City shall commence construction of secondary treatment facilities. March 1, 2015 
The City shall complete construction of secondary treatment facilities. March 1, 2017 
The City shall achieve compliance with secondary treatment limits in the Permit. May 1, 2017 

 

The City commenced design of secondary treatment facilities in advance of the Consent Decree date. As 
shown in the table, the above schedule was negotiated based on an upgrade for secondary treatment. 
However, the upgrade under design includes facilities capable of removing nitrogen. The additional 
facilities necessary for nitrogen removal substantially increase the scope and cost of the project to the 
point that extraordinary measures would be necessary on the part of the City, the design engineer and 
the construction contractor to meet the current schedule. As such, the City has requested a modification 
to the above schedule which would extend the overall schedule by a total of 18 months in order to 
incorporate the nitrogen removal treatment facilities. The proposed schedule is shown below in Table 1-2. 
AECOM is currently working towards the schedule in Table 1-2. 

Table 1-2. Proposed Consent Decree Modification Peirce Island WWTF Milestones and Dates 

Milestone Action Date 
The City shall complete design of nitrogen removal treatment facilities. March 1, 2015 
The City shall commence construction of nitrogen removal treatment facilities. September 1, 2015 
The City shall complete construction of nitrogen removal treatment facilities. June 1, 2018 
The City shall achieve compliance with nitrogen removal treatment limits in the 
Permit. 

November 1, 2018 
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2 SITE INVESTIGATIONS 

2.1 Site Survey 

AECOM, through its subcontractor Doucet Survey, completed a topographic survey of the treatment 
facility encompassing the existing plant site. In addition to the existing treatment plant site, the site survey 
includes Peirce Island Road to the area currently used for snow dumping, the snow dump itself, the 
existing dog park, and the clearing outside the fence of the treatment plant to the west of the primary 
clarifiers. Areas inside the existing fence line and to 100 feet outside the fence line were surveyed at a 
scale of 1:20 while areas 100 feet or more outside the existing fence line were added to the survey using 
GIS data provided by the City. Where the two surveys intersect, engineering judgment was used to merge 
the two surveys together. 

The topographic survey within the fence line includes the location of the existing treatment plant 
structures, roadways, edges of traveled ways, trails, driveways, utilities and piping, manhole rims and 
inverts, flagged wetlands, flagged shorelands, tidelines, fences, walls, weirs, and physical features within 
the proposed site.  Outside the fence line, trees larger than 4 inches in diameter and other major features 
such as boulders are included. The topographic survey was completed at one foot contour intervals. The 
GIS data provided by the City is at two foot contour intervals.  

The existing site survey will be used as the base plan for the civil site design work throughout the design. 
Appendix A contains the site survey.   

 

2.2 Geotechnical Field Investigation 

AECOM, through its subcontractor New England Borings, completed a subsurface exploration program 
between September 23 and September 27, 2013. Prior to completing this program, a Shoreland Permit 
by Notification (PBN) was submitted and accepted by the NHDES Wetlands Bureau. This program 
included eleven soil borings ranging from 7.5 to 26.5 feet deep to determine the general nature of the 
geological strata to be encountered during construction of the wastewater treatment facility upgrades.  
Following the boring program, laboratory testing of the soils and rock included two grain size analyses of 
soil and five unconfined compression tests of rock.   

Upon completion of the subsurface exploration program, boring logs were created for each of the soil 
borings. These logs show that rock was encountered between approximately 2 and 14.5 feet in each of 
the borings. Groundwater was found in one of the borings 8.2 feet below ground surface. Groundwater 
elevations may vary significantly with season, tidal cycles, and other factors. Soils encountered were silty 
sands. The laboratory testing of the rock showed that it varies from weathered and fractured rock with low 
compressive strengths to very hard rock with high compressive strengths. In general, the quartzite found 
is known to be very hard. The complete results of the geotechnical field investigation can be found in 
Appendix B. 

Based on the results of the geotechnical field investigation and subsequent laboratory testing, it is clear 
that structures requiring excavation of more than approximately five feet will require the removal of rock. 
The most economical way of removing rock is through drilling and blasting. In areas that are located 
remotely from other structures, this can be accomplished via larger explosive charges with blasting mats. 
In areas close to existing structures, more care must be taken to avoid damage to the existing structures. 
In these areas, the removal of rock becomes slower and more costly due to the need to place smaller 
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charges, potentially use expansive grouts and to more closely monitor the impact of the blasting on 
existing structures.  

The benefit of having the site underlain by rock is that it provides an excellent bearing strata for the new 
structures. Piles to support structures will not be necessary. 
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3 PRELIMINARY PERMITTING 

3.1 Wetland and Shoreland Report 

AECOM, through its subcontractor Altus Engineering, conducted a field investigation for the purpose of 
identifying and flagging the boundaries of state and federal jurisdictional wetland and shoreland resource 
areas, including the highest observable tide line, between elevation 5.00 and 10.00 (NAVD 1988). The 
extent of the field investigation matched those of the site survey described above in Section 2.1. The 
boundaries of these areas were identified with flags which were then included in the site survey. 
Following the field investigation, a Wetland and Shoreland Report was prepared which characterized the 
overall site, wetland and shoreland resource areas, and identified the boundary delineation methodology. 
This report is included in Appendix C. 

AECOM, through its subcontractor Altus Engineering and Normandeau Associates, Inc., reviewed the 
available natural resources electronic data to aid in the following: 

 Offer opinions on the presence and locations of endangered species and essential fish habitat 
 Offer opinions of the presence of Water Quality Impairment (303d) zones 

 
The Natural Resources Report is included as an appendix to the Permitting Needs Assessment Report 
included in Appendix D. 

 

3.2 Future Permitting Needs 

At the conclusion of the initial permitting effort, AECOM’s subcontractor, Altus Engineering, assessed the 
future permitting needs for the proposed site improvements. The following permits are expected to be 
necessary as the project progresses: 

Table 3-1. Summary of Permitting Requirements 

Permit Required Reviewer Approximate Timeframe for 
Review 

 

Standard Dredge and Fill 
NH DES Wetlands 
Bureau (with ACOE 

review under the PGP) 

5 to 6 months (unless expedited, 
then 3 to 4 months) 

Shoreland 
NH DES Shoreland 

Program 
30 days 

Alteration of Terrain 
NH DES Alteration of 

Terrain Bureau 
60-90 days 

Site Plan review City of Portsmouth 90-120 days 
NPDES Construction 
General Permit (CGP) 

USEPA 14 days 

 

The Permitting Needs Assessment Report is included in Appendix D identifies these permitting 
requirements in greater detail. Of note is that the placement of public sewage treatment facilities within 
the protected shoreland area are allowed with sufficient justification, including work within 50 feet of the 
highest observable tide line. 
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3.3 Phase 1A and Phase 1B Archeological Investigation 

A Phase IA Archaeological Sensitivity Assessment and Phase IB Intensive Level Survey archaeological 
investigation was also included in the Phase 1 Design work. This investigation began by the completion 
and submission of a Request for Project Review (RPR) form to the New Hampshire Department of 
Historical Resources (NHDHR). As expected, the NHDHR required a Phase IA archaeological 
assessment and an archaeological survey (Phase IB) be completed due to the past uses of Peirce Island. 
AECOM’s subcontractor, Independent Archeological Consulting, LLC (IAC), completed these 
investigations. 

The Phase IA Assessment consisted of compiling and comparing available site plans and maps and 
reviewing and analyzing the results of previous archaeological investigations conducted on-site.  The 
Phase IB Survey comprised digging test pits in the areas where new structures are planned and where 
construction may cause ground disturbance. These areas are shown in Figure 3-1.  

Figure 3-1. Extent of Phase 1B Archeological Survey 

 

The test pits measured 0.5 meter by 0.5 meter and were spaced at 8-meter intervals to comply with 
NHDHR standards for Phase IB investigations. To comply with NH State standards, each test pit that 
tested positive was then bracketed by four more 0.5-meter–x-0.5-meter test pits at 4-meter intervals in the 
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cardinal directions. The test pits within the existing fence line contained disturbed soils and fill materials.  
One location approximately 25 feet from the southeastern fenceline had two test pits with Native 
American stone flakes and some 19th-century ceramics.   This field investigation was conducted during 
September and October 2013 for areas within the WWTF that would be directly impacted during 
construction with excavation activities. 

Prior to compiling the final report for the field investigations conducted in September and October at the 
WWTF,  a working session with the City of Portsmouth resulted in an additional request for Phase IB 
investigations in possible construction staging areas.  These areas are identified as Test Areas 6 and 7 
on Figure 3-1. The additional field investigations were on the same 8-meter interval with test pits 
measuring 0.5 meter by 0.5 meter.   

Following the Phase IB field investigations, archaeologists processed and analyzed artifacts found during 
the survey. A memorandum summarizing the investigations is included in Appendix E. Table 3-2 below 
summarizes the testing completed in each of the test areas. 

Table 3-2. Summary of Archeological Testing at Peirce Island WWTF 

 

Some remnants of the Fort Washington earth works were discovered during the testing. It is 
recommended that the remnants of the Fort Washington earthworks be avoided during construction. 
AECOM recommends fencing off and prohibiting access to these areas during construction. 

The end of field work report has been submitted to the NHDHR for review. In early 2014, a combined 
Phase IA and Phase IB report will be generated for both field investigations, which will describe the 
results of the records research, field investigation and interpretations, and include recommendations for 
additional work. This report will be submitted to NHDHR after review and approval by the City.
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4 TREATMENT FACILITY 

4.1 Existing Facility Modifications 

The existing facilities at the Peirce Island Wastewater Treatment Facility were reviewed through 
examining existing record plans and through a site visit conducted in conjunction with City staff on June 
25, 2013. The meeting minutes from that site visit as well AECOM’s evaluation and recommendations for 
the existing treatment facilities are included in Appendix F. The report offers opinions on the following: 

 Physical condition of major equipment and structures  
 Design limitations (i.e. hydraulic restrictions, unsatisfactory equipment performance or access)  
 Adequacy of existing electrical and control systems, including emergency power  
 Adequacy of the heating, ventilation and air conditioning systems 
 Adequacy of operations support areas, including laboratory, storage and maintenance space  
 Compliance with building code regulations 

Subsequent to the submission of the evaluation, a workshop was held with the City to review the findings 
and recommendations in the report. The minutes from this workshop are also included in Appendix F.  

There were a number of recommendations resulting from this report that the City accepted ranging from 
new roofs, windows and doors to wholesale replacement of outdated electrical distribution equipment. 
The major outcome of this evaluation was the recommendation to retrofit the existing Administration 
Building into the Solids Processing Building and demolish the existing Solids Processing Building and 
build a new Administration Building in its place. This concept was developed further as the site plan was 
refined. The final outcome of this concept is described below is Sections 4.10 and 4.11. 

 

4.2 Design Flow & Loading 

4.2.1 Design Flows to Secondary Treatment 

The minimum day, minimum month and peak hour flows were developed using the same methodology 
presented in the Revised Flow and Loading Technical Memorandum dated August 27, 2012. Using the 
parsed dry day flows and truncated wet day flows, the current minimum day flow was calculated as the 
minimum daily flow recorded in the data set. The minimum month flow was calculated as the minimum 
30-day rolling average flow.  

The peak hour flow was calculated as the maximum instantaneous flow experienced during the parsed 
dry weather flow. Where the maximum instantaneous flow data was found to be extremely high, the data 
was reviewed further and engineering judgment was used to eliminate select data points from this data 
set. Most often, after reviewing the flow charts for a questionable data point, the data points eliminated 
were due to the weekly generator test at the Mechanic Street Pump Station which resulted in temporary 
surges of flow when the pumps re-started or temporary surges due to a pump turning off and another 
starting. Several other data points were eliminated when a reasonable explanation for why the maximum 
instantaneous flow could not be found. Often, these situations occurred when the average daily flow 
decreased from the day before but the maximum instantaneous flow increased. To confirm this approach 
and to confirm various situations where there was some question as to whether a data point should be 
excluded, the flow charts from the Mechanic Street Pump Station were examined and it was confirmed 
that the maximum flow recorded was an extremely short event (less than 15 minutes). 
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Table 4-1 displays the results of these efforts. 

 

Table 4-1. Existing Condition Flow Rates to Secondary Treatment  

(January 1, 2008 to June 30, 2012) 

Flow Scenario Flow (MGD) Peaking Factor (to annual average day)

Minimum Day Flow 1 2.66 0.51 

Minimum Month Flow 2 3.42 0.65 

Parsed Dry Average Day  4.34 0.83 

Average Annual Flow 3 5.23 1.00 

Maximum Month Flow 4 7.56 1.44 

Maximum Day Dry Weather Flow 5 7.73 1.48 

Peak Hour Dry Weather Flow 6 9.00 1.72 
1. Minimum daily flow of all days in reporting period with wet weather days capped at the maximum parsed dry day flow of 

7.73 mgd. 
2. Minimum value of a 30 day rolling average of all days in reporting period with wet weather days capped at the maximum 

parsed dry day flow of 7.73 mgd. 
3. Average of all days in reporting period with wet weather days capped at the maximum parsed dry day flow of 7.73 mgd 

(see note 3). 
4. Maximum value of a 30 day rolling average of all days in reporting period with wet weather days capped at the maximum 

parsed dry day flow of 7.73 mgd.  
5. Maximum daily flow of parsed dry days in 4.5 year reporting period (January 1, 2008 to June 30, 2012). 
6. Maximum instantaneous flow of parsed dry days between January 1, 2008 to June 30, 2012) excluding outliers. 
7. Note values shown in bold were calculated values for this table. 

The flow projections in Table 4-1 are based on an analysis of current wastewater flows and do not contain 
any allowance for future wastewater flow increases due to growth. An allowance for growth was 
estimated using the same methodology employed in the Revised Flow and Loading Technical 
Memorandum. To develop the future minimum day and minimum month flows, the corresponding peaking 
factors developed for the current (year 2012) condition flow rates were applied to the future average daily 
flow.  The increase in peak hour flow was assumed to be the same as the increase to the maximum day 
flow because the future collection system should not be influenced by rainfall or groundwater significantly. 
Table 4-2 presents the year 2012 and the year 2032 projected flows to the secondary treatment process 
developed using the methodology outlined above.  

Table 4-2. Secondary Treatment Process Design Flow Rates 

Flow Scenario 
2012 Flow 

(MGD) 
Peaking Factor (to 

average day) 
Projected 20 Year  Flow 

Increase (MGD) 
2032 Flow 

(MGD) 
Secondary Treatment 
Minimum Day 

2.66 0.51 0.46 3.12 

Secondary Treatment 
Minimum Month 

3.42 0.65 0.59 4.01 

Secondary Treatment 
Average Annual Flow  

5.23 1.00 0.9 6.13 

Secondary Treatment 
Maximum Month  

7.56 1.44 1.30 8.86 

Secondary Treatment 
Maximum Day  

7.73 1.48 1.33 9.06 

Secondary Treatment 
Peak Hour 

9.00 1.48 1.33 10.33 

1. Note values shown in bold were calculated values for this table. 
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4.2.2 Raw Influent Design Flows 

Table 4-1 and Table 4-2 above present the design flows through secondary treatment which were 
calculated using the parsed dry weather flow data set. Table 4-3 presents the maximum design flows for 
the plant influent based on the complete data set between January 1, 2008 and December 31, 2012. 
Future flow increases in the maximum day and maximum hour flow have not been accounted for in Table 
4-3 because of the City’s ongoing efforts to reduce infiltration and inflow in the collection system through 
the ongoing sewer separation program.  

Table 4-3. WWTF Influent Maximum Design Flow Rates 

Criteria 
2012 Flow 

(MGD) 

Projected 20 
Year  Flow 

Increase (MGD)
2032 Flow 

(MGD) 
Maximum Day1 19.4 - 19.4 
Maximum Hour2 22 - 22 

1. Maximum daily flow between January 1, 2008 and December 31, 2012. 
2. Maximum hour flow between January 1, 2008 and December 31, 2012. 
3. No projected increase in flow since these flows are wet weather from combined sewer system. 

 

4.2.3 Design Loadings 

Minimum day, minimum month, and maximum day loadings were developed using the same methodology 
presented in the Revised Flow and Loading Technical Memorandum. Minimum day and maximum day 
BOD5 and TSS loadings were developed from the truncated daily BOD5 and TSS data set between 2011 
and June 2012. In calculating the maximum day loadings, six significant TSS mass load outliers were 
observed on days with a range of flow conditions. Upon further review of these data points, they were 
judged to be non-representative, and these six data points were eliminated from the data set. Elimination 
of these data points had the effect of slightly changing the average annual and maximum month loadings 
for TSS as well.  

The truncated daily BOD5 and TSS loadings were then used to develop 30 day rolling averages for BOD5 
and TSS load.  The smallest values of these data sets are the minimum month loadings for BOD5 and 
TSS while the largest are the maximum month loadings. The minimum day, minimum month and 
maximum day loading peaking factors were then calculated relative to the annual average BOD5 and TSS 
loads.  

To include nitrogen in the loading projections, available data were reviewed.  Since nitrogen in the plant’s 
raw influent is not routinely monitored, the total kjeldahl nitrogen (TKN) data collected during the 
Wastewater Characterization program between May 13, 2011 and March 2, 2012 was used in projecting 
the raw influent TKN loading.  The Wastewater Characterization data included both dry and wet days, and 
the data were parsed into wet and dry day data.  The parsed dry day raw influent TKN concentration data 
were averaged and the average TKN loading was calculated at the annual average flow of 5.23 MGD.  
Due to the limited data set, a moving average calculation could not be used to establish the minimum 
day, minimum month, maximum month, or maximum day loadings as was done for BOD5 and TSS. The 
TKN loading were based on an assumed TKN load peaking factors of 0.57, 0.77, 1.35, and 1.77 
respectively. In general, the peaking factors were selected based on the higher of the BOD5 and TSS 
peaking factors due to the limited data available.   

Once the revised raw influent loadings were established, the revised loadings to the secondary treatment 
process were developed using the methodology outlined in the Revised Flow and Loading Technical 
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Memorandum.  For removals in the non-chemically enhanced primary treatment process, the removals 
previously developed in the Revised Flow and Loading Technical Memorandum were based on the 
observed pilot clarifier performance, text book values, and estimated reduced CEPT removal 
performance. Based on experience elsewhere as well as numerous text book values, AECOM 
recommends that removal rates for TSS, BOD, and TKN be assumed as 50%, 25% and 9%, respectively. 
AECOM recommends that these removal rates be further confirmed via settling column tests during the 
Demonstration Study planned for Winter/Spring 2014. 

Following development of the existing flows and loads, an allowance for growth was estimated using the 
same methodology employed in the Revised Flow and Loading Technical Memorandum. To develop the 
future minimum day, minimum month and peak hour loadings, the corresponding peaking factors 
developed for the current (year 2012) condition loadings were applied to the future average daily load.   

Table 4-4 shows the projected year 2032 design flows and loads to the secondary treatment process.  

Table 4-4. Projected Year 2032 Design Flows and Loads to Secondary 

Parameter 
Minimum 

Day 
Minimum 

Month 
Annual 

Average Day 
Maximum 

Month 
Maximum 

Day 

Flow (MGD) 3.12 4.01 6.13 8.86 9.06 
   

Primary Effluent TSS (mg/L) 106 101 95 84 110 
Primary Effluent TSS (lb/d) 3 2,761 3,359 4,878 6,234 8,332 
Primary Effluent BOD5 (mg/L) 176 183 156 129 173 
Primary Effluent BOD5 (lb/d) 3 4,564 6,124 7,967 9,505 13,080 
Primary Effluent TKN (mg/l) 30.2 31.7 26.9 25.1 31.1 
Primary Effluent TKN (lb/d) 4 784 1,058 1,375 1,856 2,351 

   
CEPT Effluent TSS (mg/L) 57 54 52 46 60 
CEPT Effluent TSS (lb/d) 1 1,492 1,815 2,636 3,369 4,502 
CEPT Effluent BOD5 (mg/L) 136 142 121 100 134 
CEPT Effluent BOD5 (lb/d) 1 3,532 4,740 6,166 7,356 10,123 
CEPT Effluent TKN (mg/l) 27.2 28.6 24.2 22.6 28.0 
CEPT Effluent TKN (lb/d) 2 706 954 1,239 1,672 2,118 

1. Percent removals based on WWTF MOR loading data capped at the maximum parsed dry flow day of 7.73 mgd.   
2. Percent removal based on WWTF characterization data (May 13, 2011 to March 3, 2012). 
3. Percent removal based on observed pilot data, text book values, and approximately 1/2 of the CEPT removal. 
4. Percent removal based on observed wastewater characterization data, text book values and approximately 1/2 of the CEPT removal. 
5. Recycle loads are not included. The mass balances in Appendix H display the loadings with recycle loads taken into account. 

 

4.3 Wastewater Pumping 

The concept developed in the Phase 2 Initial Piloting Technical Memorandum included a secondary 
influent pump station to pump primary effluent flow to the BAF process. One alternative that was raised 
as having a potentially lower life cycle cost was retrofitting the Mechanic St. Pump Station with larger 
pumps and raising the hydraulic grade of the primary clarifiers and grit chambers sufficiently to allow 
gravity flow through the entire plant.  

To evaluate this alternative, preliminary hydraulic profiles were completed with and without a secondary 
influent pump station. In the scenario without a secondary influent pump station, the existing hydraulic 
grade line would need to be raised almost 30 feet because the BAF process has high head loss. To justify 
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such a significant capital investment, the off-setting savings in operation and maintenance costs 
associated with pumping only once would need to be substantial. As shown in Table 4-5, the present 
worth operation and maintenance costs between the two options are nearly equal. Thus, a secondary 
influent pump station is more cost effective as it will be far less costly to construct than raising the existing 
hydraulic grade line nearly 30 feet.  

Table 4-5. Estimated Present Worth Operation and Maintenance Costs Summary ($MM) 

Cost Item 

With Secondary 
Influent Pump 

Station 

Without Secondary 
Influent Pump 

Station 
20 Year Present Worth O&M $2.34 $2.12 

 

Because the present worth operation and maintenance costs are nearly equal, AECOM recommends 
providing the secondary influent pump station as currently proposed. Not only will this approach reduce 
project costs, but providing the Secondary Influent Pump Station will reduce process disruptions during 
construction, maintain existing primary clarifier capacity, allow for easier operation and maintenance, and 
the Mechanic St. Pump Station will not require modification. The complete wastewater pumping 
evaluation is attached to this report as Appendix G. 

 

4.4 Preliminary Process Flow Diagram 

Appendix H includes a preliminary process flow diagram prepared in support of the process design 
calculations. Influent flow will be discharged by gravity through new influent screens prior to the aerated 
grit chambers. Screenings will be washed, compacted and conveyed to a dumpster in the Headworks. 
Grit will be pumped to a hydrocyclone and then to a classifier before being discharged to a dumpster.  

The influent flow will be then combined with recycle streams from the Stage 1 and Stage 2 BAFs, the 
gravity thickeners, and the screw presses in the Primary Influent Distribution Box. After flowing through 
the primary clarifiers, the flow will enter the Primary Effluent Distribution Box. During dry weather, all flow 
will be diverted to the BAF system via the Secondary Influent Pump Station. During wet weather, 
chemically enhanced primary treatment will be provided and a portion of the primary effluent flow will flow 
directly to the Chlorine Contact Tank. 

Primary sludge will continue to be pumped to gravity thickeners. Thickened sludge will be sent to aerated 
sludge storage tanks. 

Backwash from the BAF systems will initially flow by gravity to one of two mudwells where mudwell 
pumps will be capable of pumping it to a number of different locations in order to provide operational 
flexibility. The primary discharge location for the backwash will be the Primary Influent Distribution Box, as 
mentioned above. In addition to this discharge location, backwash waste will also be able to discharge 
directly to a gravity thickener. Backwash waste will be metered. 

In addition to accepting co-settled primary sludge as described above, it is also recommended that the 
gravity thickeners have the capability to accept backwash waste directly from the mudwells and to have 
the capability to operate independently, with one thickener dedicated to primary sludge and one to 
backwash waste. It is recommended that gravity thickener overflow be able to be directed to the Primary 
Clarifier Influent Distribution Box or the Secondary Influent Pump Station. 
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4.5 Preliminary Hydraulic Profile 

In times of dry weather, all flow from the primary clarifiers will be pumped to the BAF units and flow by 
gravity through disinfection to the outfall. In times of wet weather, forward flow up to 10.33 MGD (peak 
hour) will be pumped to the BAF units and flow by gravity to disinfection and to the outfall. The remaining 
flow will be separated after chemically enhanced primary treatment and flow directly to disinfection and 
the outfall.  The elevations of the existing structures are set and will not be changed as part of this project. 
The elevation of the BAF units has been calculated taking into account projected sea level changes and 
the cost of additional excavation. 

The City’s Coastal Resiliency Initiative has recently completed a report entitled Climate Change 
Vulnerability Assessment and Adaptation Plan (April 2013) that concludes that sea level may rise 
between 1.0 and 1.7 feet by the year 2050 and between 2.5 and 6.3 feet by the year 2100 in Portsmouth. 
Typically, treatment plant structures are designed for a lifespan of 50 years from the expected time of 
completion. In the case of the new structures at the WWTF, the end of this lifespan would be the year 
2068. By interpolating the projected increase in sea level elevation at the WWTF assuming a linear 
relationship between the projected increases in year 2050 and year 2100, an increase between 1.54 to 
3.36 feet is projected over present day elevations. Based on the findings of the Coastal Resiliency 
Initiative, AECOM recommends including a minimum allowance for sea level rise of 1.7 feet, which is the 
high end of the predicted change in year 2050 and slightly above the low end of the predicted change in 
year 2068.  

Taking into account just sea level rise, the bottom elevation of the Stage 1 Mudwell would be well below 
that of the existing Filter Building. Constructing structures at these depths would result in significant 
amounts of costly rock excavation by blasting. An alternative to the rock excavation would be to elevate 
the Stage 1 and Stage 2 BAF Building higher than otherwise would be necessary and pump the 
secondary influent to a higher elevation. A desktop economic evaluation comparing the cost of excavation 
to the cost of pumping the secondary influent to a higher elevation over a 20 year period shows that 
pumping to a higher elevation was less expensive over the life cycle of the project. In this scenario the 
height of the Stage 1 BAF cells without an influent channel is approximately 33 feet above grade. It is 
possible to reduce the height of this structure by approximately 8 feet through additional excavation and 
still flow by gravity into the chlorine contact tank. This reduction is building height is estimated to cost 
approximately $2.5M. It is possible to further reduce the height of this structure but a tertiary pump station 
would be necessary to pump secondary effluent to the chlorine contact tank. A reduction of 8 feet to 
approximately 17 feet above grade is estimated to cost approximately $5M in capital costs and add 
approximately $300,000 in operating costs over 20 years. 

Appendix H presents preliminary hydraulic profiles at both present day and future conditions at peak hour 
and annual average flow conditions at the higher of these two elevations. Notably, these hydraulic profiles 
include an influent channel on the Stage 1 BAF which was later removed in favor of control valves and 
flow meters in order to reduce the building height. The profiles have been calculated at Mean Sea Level 
(MSL), Mean Higher High Water (MHHW), and MHHW with a 100-year coastal storm surge. 

During peak flow events no matter the sea level elevation the preliminary hydraulic profiles show that the 
weirs in the existing chlorine contact tank would be submerged due to the high head loss in the outfall at 
peak flows. There is approximately 1 foot of freeboard under current day conditions during peak flows 
under a 100-year storm surge. When future sea level rise is taken into account, the water surface in the 
chlorine contact tanks is predicted to overtop the walls during peak flows.  
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There are several ways to approach this situation. First, large changes to the basin structure and outfall 
could be made as part of the WWTF upgrade to eliminate submergence of the weirs at peak flow. These 
changes would include increasing both the diameter of the outfall and increasing the weir length at the 
dechlorination basins. Given the constrained site, cost, and the need for underwater work in a major 
shipping channel, it is unlikely that these changes would be made. Alternatively, the walls and weirs in the 
chlorine contact tank could be raised to eliminate submergence of the weirs at peak flow although this 
would also require the water surface in the primary effluent distribution structure, primary clarifiers, 
primary influent distribution structure, aerated grit chambers, and headworks be raised as well. 
Recognizing that this flooding condition occurs infrequently and that submergence of the weirs in the 
chlorine contact tank may be acceptable, a third alternative would be to simply raise the walls to prevent 
overtopping the chlorine contact tank during peak flows and future storm surges. Raising the chlorine 
contact tank walls and weirs will result in submerging the weirs in the primary clarifiers and primary 
influent distribution box during peak flows and a 100-year storm surge when taking into account future 
sea level rise. AECOM does not believe that infrequently flooding the weirs in the chlorine contact tank 
and primary clarifier will significantly impact treatment and recommends that the City raise the walls of the 
chlorine contact tank in the future to mitigate the effects of sea level rise when and if realized. 

 

4.6 Preliminary Solids Balance 

Appendix H contains the preliminary solids balances for the proposed facility. Preliminary solids balances 
were prepared for the facility under both CEPT and non-CEPT conditions for a range of loading 
conditions and effluent requirements. While it is anticipated that a number of alternative backwash and 
sludge flow schemes will be provided as part of the design to provide for operational flexibility, all 
scenarios assume that the BAF backwash will be returned to the primary clarifiers and dosed with a 
coagulant and polymer per the recommendation in the Post Phase 2 Initial Piloting Summary Technical 
Memorandum dated July 11, 2013. The calculations also assume that sludge withdrawn from the primary 
clarifiers will continue to be sent to a gravity thickener and the gravity thickener overflow returned to the 
head of the plant as is done currently. AECOM recommends that settling column tests be conducted 
during the planned Demonstration Study to determine with more accuracy the expected removal rates. 
Additionally, AECOM recommends jar tests during the Demonstration Study to determine the optimum 
coagulant and polymer dose. 

Based on the recommendation of Kruger, a sixth BAF cell has been added to the Stage 2 BAF process in 
order to reduce the hydraulic loading rate through the process and the depth of the media bed increased 
to 2.5 m to provide additional treatment capacity during sustained peak flows. This recommendation is 
based in large part on the peak instantaneous backwash flow rate as the backwash temporarily 
contributes a large amount of recycle flow to the overall flow of the plant. This flow rate is based on how 
quickly the mudwell is emptied following a backwash. Kruger recommends sizing the mudwell pumps to 
be able to return the volume of one backwash to the process in 60 to 90 minutes to allow the operators to 
backwash multiple cells consecutively.  In order to provide operational flexibility and reduce the peak 
instantaneous flow rate, AECOM recommends sizing the mudwell based on 2.5 times the size of one 
backwash to allow for a backwash to be returned over up to 120 minutes. 

Due to the slug flow nature of the backwash being returned to the process, the concept of operating 
during dry weather with one primary clarifier as a dry weather clarifier and one clarifier out of service and 
empty as a wet weather clarifier is no longer recommended. As a result of the high rate at which 
backwash is returned to the process, the surface overflow rate at average day flows in one primary 
clarifier would exceed the recommended value in TR-16 if only one primary clarifier were operated. 
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Although the surface overflow rate for two primary clarifiers is slightly above the TR-16 recommendation, 
AECOM does not recommend any modifications be made as the peak backwash return rate can occur 
only for a maximum of 9 hours per day and realizing this flow requires that both mudwells be emptied at 
the same time. While this condition must be planned for as a worst case, it is believed that the plant 
operators will be able to avoid this situation most days.    

 

4.7 Preliminary P&IDs 

Preliminary process and instrumentation drawings (P&IDs) have also been prepared and are presented in 
Appendix H. These drawings show the preliminary concepts for placement of instrumentation, what 
instrumentation will be used to control equipment, whether valves and gates are motor operated or 
manually operated, and how the systems are piped together. Not shown are control panels and 
connections to the SCADA system. These are subject to revision as the design effort proceeds. Note that 
P&IDs for the Stage 1 and Stage 2 BAFs as well as the screw presses will be supplied by the equipment 
vendor and are not included in the appendix. 

Magnetic flow meters are planned to be included in the process on the New Castle influent, the 
secondary influent downstream of the secondary influent pumps, the secondary effluent downstream of 
the Stage 2 BAF, and the CEPT effluent downstream of the primary effluent distribution box. Flow meters 
and control valves will also be installed on the influent pipes to each of the Stage 1 and Stage 2 BAF 
cells. 

It is envisioned that a flow set point on the influent flow meter or a level set point in the primary effluent 
distribution structure will automatically turn the CEPT chemical feed systems on or off.  Flow over the wet 
weather weir in the primary effluent distribution structure will be through a passive overflow. At high flows, 
the level in the secondary influent pump station will be allowed to rise and back up into the primary 
effluent distribution structure before overflowing into the CEPT effluent wet weather pipeline. The passive 
overflow will be controlled via a manual gate that can be set by the operator to provide flexibility. This 
concept will be further refined as the design effort proceeds. 

 

4.8 Preliminary Equipment List 

Completing the preliminary solids balance allowed for the completion of preliminary equipment schedules 
as well. These preliminary schedules are included in Appendix H. Preliminary pump, blower, and tank 
schedules are included for all new equipment. The level of detail included in these schedules will continue 
to be revised as the design effort proceeds. 

 

4.9 Odor Control 

AECOM and its subconsultant, Bowker & Associates, conducted an evaluation of the existing wastewater 
treatment process to consider which areas warrant odor control as the plant is upgraded and to offer an 
opinion on which odor control process will be most effective. This evaluation is included in its entirety in 
Appendix I.  
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The existing primary treatment process is served by an obsolete chemical scrubber that treats odorous air 
from the existing gravity thickener, grit classifier room, sludge storage tanks, and solids processing 
building. In addition to these existing sources of odor, the plant upgrade will add an additional gravity 
thickener, a new headworks, additional sludge storage tanks, a new sludge dewatering process, a 
secondary influent pump station, and a two-stage BAF system.  

As part of the evaluation, Bowker & Associates sampled air emissions from the existing odor sources as 
well as the aerated grit chambers and primary clarifiers to determine which odor sources have the 
greatest odor levels. Using the odor data collected at the treatment plant as well as typical odor levels for 
the new processes, Bowker & Associates completed a desktop screening-level dispersion model to 
identify which areas are recommended to be directed to an odor control system in the future. Based on 
the results of this analysis, the following areas of the facility are recommended to be exhausted to an odor 
control system: 

 Headworks 
 Aerated Grit Chambers and Channels 
 Grit Classifier Room 
 Primary Influent Distribution Box 
 Primary Clarifier Launders 
 Gravity Thickeners 
 Sludge Storage Tanks 
 Individual Screw Presses and Cake Conveyors 
 Truck Bays 

The Bowker & Associates memorandum includes a list of potential odor control processes that were 
considered. The memorandum lists a packed tower chemical scrubber, a biofilter or a bioscrubber as the 
most likely odor control processes to be used. A side-by-side cost evaluation of centralized biofilter and 
bioscrubber processes was completed. A bioscrubber system consisting of two twelve foot diameter, 50 
foot high reactors was ultimately recommended because of the significant space savings it afforded over 
the biofilter. 

After reviewing this recommendation with the City, the City requested that AECOM examine the use of 
activated carbon for odor control due to its lower capital cost and ease of operation. The City also 
requested that AECOM examine decentralized odor control systems in order to reduce the height impact 
of the bioscrubbers. The odor sources above were grouped into four systems based on location on the 
site. The loadings for each of these areas were estimated based on the results of the field testing and 
similar installations. The results of the evaluation show that activated carbons systems appear to be more 
cost effective for the Headworks Building and aerated grit chambers, grit classifier, and existing gravity 
thickener as these systems have lower estimated loadings. Bioscrubber systems appear to more 
economical for the primary clarifier effluent launders, new gravity thickener, and Solids Processing and 
Secondary Influent Pump Station Building.  

The preliminary design will be based on an activated carbon system at the north end of the site to treat 
odors from the Headworks, aerated grit chambers, grit classifier, and existing gravity thickener. A 
bioscrubber system will be designed for the south end of the site to treat odors from the primary clarifier 
launders, new gravity thickener and Solids Processing and Secondary Influent Pump Station Building. 
Additional odor testing will also be completed to confirm the estimated loadings at these sources. 
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4.10 Site Layout 

The preliminary site layout is shown below in Figure 4-1. This site layout reflects the latest information 
from Kruger on the number and size of the BAF cells as well as the mudwells. In addition, it incorporates 
preliminary sizes for other processes and structures based on the solids balance and equipment quotes.  

This site layout differs from that presented as part of the Phase 2 Initial Piloting Technical Memorandum 
in a number of areas. These areas are summarized in the list below.  

 The background has been updated with current survey information. 
 The Stage 2 BAF has increased in size to 6 cells. 
 The Stage 2 BAF and Mudwell have been combined with the Stage 1 BAF and Mudwell. The 

Stage 2 Mudwell has been located underneath the Stage 2 BAF and Supplemental Carbon 
Storage and Feed area. This building will also hold the Supplemental Carbon Storage and Feed 
equipment. 

 The new Gravity Thickener has been separated from the Sludge Storage Tank and located next 
to the existing Administration Building. 

 The existing Administration Building has been expanded and repurposed to include Solids 
Processing and the Secondary Influent Pump Station. This space will also house the Alkalinity 
Storage and Feed equipment.  

 The grade level of the existing Solids Processing Building has been demolished and replaced 
with a new Administration Building housing a laboratory, administrative space, locker rooms, and 
lunch room. The lower level of the existing Solids Processing Building will be rehabilitated to 
include sodium bisulfite and hypochlorite containment, electrical equipment, mechanical 
equipment, and spare parts/workshop space. 

 The size of the Headworks has been changed to take into account that the Alkalinity Storage and 
Feed equipment has moved. 

4.10.1 USCG and DHS Coordination 

A preliminary layout similar to that shown in Figure 4-1 was presented to the US Coast Guard (USCG) 
and the Portsmouth Harbormaster in a meeting on October 3, 2013. At the time, this layout included an 
addition to the Scum Building which has since been deleted from the project. The addition to the Scum 
Building and the odor control towers may permanently obstruct the view of the Aids to Navigation. These 
potential features were represented on an elevation view and sent to the USCG for review. After review 
by the USCG, it was determined that the proposed addition to the Scum Building and odor control towers 
present no conflicts with the Aids to Navigation. It is envisioned that temporary obstructions during 
construction such as cranes and lights will be limited by requirements in the specifications and that the 
USCG and Harbormaster will be coordinated with at times when obstructions may not be avoidable. 

The Department of Homeland Security (DHS) was also contacted regarding the project and its potential 
impact on the Portsmouth Naval Shipyard. Neither the security nor public affairs representatives had 
specific concerns about the project at this time.  

4.10.2 PSNH Coordination 

After speaking with the USCG and DHS, Public Service of New Hampshire (PSNH) was contacted 
regarding the electrical feed to the facility because the power demand will increase substantially with the 
addition of the BAF process. After reviewing the proposed changes, PSNH stated that they will no longer 
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maintain the existing service over the water. The alternative is an above-ground or below-ground service 
from the Peirce Island Pool to the WWTF. At this time, an underground service has been assumed. 
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5 CONSTRUCTION METHODS 

5.1 Construction Packaging 

There are a number of upgrades to the existing facilities that are not required for permit compliance. In 
many cases, it is possible to delay these upgrades until after the facilities required for permit compliance 
are completed. It may also be possible to accelerate some of this work ahead of BAF facilities and avoid 
having two contractors on-site at the same time. The City would still incur the additional engineering effort 
needed to design, bid and oversee during construction multiple projects rather than one. In the case of 
small pump and valve replacements, the City may be able to accomplish this work with City forces for a 
reduced cost. The existing facilities that are not required for permit compliance and could be accelerated 
or delayed are:  

 Aerated Grit Chambers 
 Grit Pumps 
 Grit Classifier 
 Primary Clarifiers 
 Primary Sludge and Scum Pumps 
 Chlorine Contact Basin Repairs 
 Existing Gravity Thickener 

Final design will be based on developing two sets of bid documents. A smaller set of bid documents 
including upgrades to the existing gravity thickeners, primary influent distribution box, and primary 
clarifiers will be prepared initially in an expedited manner. The City may choose to bid these documents 
and construct this project prior to the start of construction of the remainder of the project. The larger set of 
bid documents will include the remainder of the project elements and be completed according to the 
Consent Decree schedule. Additionally, AECOM will develop a listing of pump and valve replacements 
the City could potentially do on their own for the City’s review. 

 

5.2 Construction Impacts 

The Peirce Island WWTF Upgrade project will have an impact on the City because it is located so close to 
downtown and many other public places such as the pool, boat ramp, state fish pier, dog park, and 
Prescott Park. Maintaining public safety during construction, finding suitable construction staging areas, 
and mitigating construction impacts are discussed in this section.  

AECOM, through its subconsultant Carlin Contracting, estimated the average number of construction 
employees and estimated average number of heavy construction vehicle one-way trips per month 
assuming that the City’s current proposed Consent Decree schedule extension request is successful. 
Using these estimates, the average number of one-way trips per day, the peak number of one-way trips 
per day, and the peak trip frequency has been estimated in the following manner: 

 In order to take into account weekends, holidays, and days lost to weather, the average number 
of one-way trips per day has been estimated based on 18 working days per month between 
November and April and 20 working days between May and October.  

 The peak number of one way trips on any given day within the month has been estimated by 
assuming that the peak day is roughly 40% greater than the average.  
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 The peak trip frequency displays the frequency in minutes of a truck either entering or exiting the 
site on the peak day of the month. It was calculated assuming that trucks entered and exited the 
site throughout 7 hours of an 8 hour shift in recognition that work does not commence promptly at 
the beginning of the shift nor continue right up to the end.  

It is important to note that the manpower estimates do not include staff that are not on-site for the entire 
shift, such as delivery truck drivers, but does include full-time construction labor force. Additionally, the 
estimates of one-way trips does not include pick-ups and vans that many subcontractors will have for 
tools, deliveries to the contractor and City, City staff vehicles, engineering staff vehicles, and other 
visitors.  Lastly, the vehicular weight limit of 80,000 lbs on the Peirce Island Road bridge has been taken 
into account in estimating the truck traffic. 

Based on these assumptions and estimates, Table 5-1 and Table 5-2 below display the estimated 
manpower and truck traffic for the project. 

Table 5-1. Estimated Construction Manpower  

Average 
Manpower Per 

Day 

Peak Manpower 
Per Day 

Sum of Average 
Monthly 

Manpower 
51 76 1,699 

 

Table 5-2. Estimated Truck Traffic  

Time of Day 
Total One-Way 

Trips 
Average Trips 

per Day 
Peak Trips per 

Day 

Peak Trip 
Frequency 

Range (minutes) 
7:00 AM – 3:30 PM 21,392 18 – 56 26 – 79 5 - 16 
3:30 PM – 12:00 AM - - - - 
 

On the constricted site of the WWTF, this level of staffing may, at times, make effective operation and 
maintenance of the existing plant challenging. However, regular multiple shift construction will likely be 
avoided which will limit normal construction impacts of traffic, noise and dust to daytime hours. 
Additionally, because nighttime work will be infrequent, light impacts in addition to the normal construction 
impacts will be limited. 

The estimated truck traffic in Table 5-2 shows that the frequency of trucks entering or exiting the site may 
be as frequent as every 5 minutes. Instead of traveling through downtown, the City requested AECOM 
investigate the feasibility of transporting all materials to and from the treatment plant site by barge. 
AECOM’s investigation concluded that shipping all materials to and from the site via barge is not practical 
or economical for this project. For more information on this evaluation, refer to Appendix K. 

Because barging materials to and from the island is not practical for this project, the entirety of the truck 
traffic will be forced to travel through downtown Portsmouth because of the height limitation at the 
Memorial Bridge. In order to maintain public safety, AECOM recommends the City consider the use of 
traffic flaggers potentially at the intersection of Peirce Island Rd. and Marcy St. and on either side of the 
public pool. Because work will normally be completed during the weekday daytime hours, impacts to the 
Prescott Park Arts Festival will be limited to the daytime events such as Camp ENCORE! and impacts to 
the public boat ramp will be relatively limited as usage is mostly confined to weekends. Based on 
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conversations with the Portsmouth Harbormaster, who has authority over the fish pier, the truck traffic is 
not anticipated to cause disruptions to their operations. 

However, due to the constrained Peirce Island WWTF site and the magnitude of the planned upgrade 
project, it is expected that the construction contractor will require space for construction trailers, parking, 
staging, and storage outside of the existing fence line throughout the duration of the construction project.  

AECOM, in concert with its subconsultant Carlin Contracting, has estimated the amount of space required 
as well as reviewed the available space on-site. Based on the magnitude of this project, it is estimated 
that the construction contractor will require approximately four construction trailers for its staff plus the 
resident engineer. It is also anticipated that major subcontractors, such as the electrician, would also 
have a construction trailer for their management staff.  The contractor will also require parking for its 
management staff, the resident engineer, and visitors to the site.  The ideal location for these trailers 
would be both close to the plant’s entrance in order to monitor deliveries and also close to the work in 
order to monitor the construction progress and facilitate control of the work force. 

In addition to space for the construction trailers, the current proposed site plan includes repurposing the 
Administration Building which would require temporary trailers for the plant operations staff, locker rooms, 
and laboratory. These trailers should be located close to the plant to allow the City staff to be accessible 
to the contractor if necessary and, more importantly, to operate and maintain the existing WWTF during 
construction. The plant operations staff would also require a parking area for their vehicles.  

Lastly, the contractor will need an area to store materials as they arrive on-site. These materials will 
consist of items such as pipe, reinforcing steel, equipment, and storage boxes for tools and 
miscellaneous hardware. 

In total, to accommodate these needs, it is estimated that approximately 1.5 acres would be needed for 
construction staging area. Several alternatives were presented and evaluated in a memorandum that is 
included in Appendix L. These alternatives were reviewed and revised by the City and the Peirce Island 
Committee. Figure 5-1 displays the outcome of these revisions. As shown in the figure, the eastern part of 
the island is closed to the public from just before the existing snow dump. The snow dump and dog park 
would be used to staging areas along with the clearing to the west of the primary clarifiers. A temporary 
road will be constructed from Peirce Island Rd. to the area west of the primary clarifiers. The snow dump 
would be accessible to the contractor in the winter if snow melters were provided.  

This alternative keeps construction activities close the WWTF, which will limit truck traffic on Peirce Island 
Road by keeping the storage areas close to the site. Because it takes advantage of existing open spaces, 
it minimizes the number of trees that will need to be removed during construction. Some trees will likely 
need to be removed to construct the temporary access road but these would be restored after 
construction. Chain link construction fencing is envisioned along the length of Peirce Island Road to limit 
pedestrians and dogs from entering the roadway randomly and flaggers placed on either side of the pool 
due to the blind corner. Under this option, the construction area is consolidated behind a gate, which will 
increase public safety by reducing the need for construction operations to interact with public spaces. 
AECOM recommends the staging area as shown in Figure 5-1 as it is the safer option, will minimize the 
contractor’s time and costs for retrieving items from the storage area, allows for a trailer area near the 
existing plant, and takes advantage of existing open spaces. 
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6 SUSTAINABILITY 

The proposed modifications to the Peirce Island WWTF will increase energy usage but provides an 
opportunity to use environmentally friendly building methods and concepts. To reduce the energy and 
environmental impacts associated with the modifications, sustainable design elements were considered 
for implementation with design. The Consideration of Sustainable Elements memorandum is included in 
Appendix M. Various sustainable elements in the following categories were considered: 

 Site Features 
 Construction Materials 
 Architectural Features 
 Process Equipment Features 
 HVAC and Plumbing Features 
 Renewable Energy 
 Lighting and Controls 
 Power Monitoring 

The Leadership in Energy and Environmental Design (LEED) and Envision sustainability rating systems 
were also considered. These rating systems provide the advantage of evaluating the sustainability of the 
design as it progresses. However, each rating system may be more applicable to specific aspects of the 
design. Various levels of certification can be achieved with either of these rating systems. Alternatively, 
each system can provide sustainable design guidance even if certification is not pursued. Achieving 
LEED accreditation for the new Administration Building is currently under consideration.        

Each sustainable element was reviewed individually and a recommendation was provided. The 
recommendations were commonly based on building code requirements, local regulations, payback 
period, incentive programs and applicability to the project. Limited evaluation was provided for several 
sustainable elements such as combined heat and power and struvite recovery due to specific process 
requirements not available at the facility. Some sustainable elements considered cannot be accurately 
evaluated during the preliminary stages of a project such as solar walls and aeration blower heat 
recovery. These sustainable elements were recommended for further consideration as the design is 
finalized. Table 6-1 includes the complete list of sustainable element recommendations. Certain elements 
not currently recommended, such as solar photovoltaic power and permeable pavement, would be 
recommended if the City desire to have the Administration Building LEED certified. 

Table 6-1. Sustainable Design Feature Recommendations 
 

Sustainable Design Feature 
Recommended For 
Further Evaluation 

Reasoning 

Green Roofs No 
 Significant cost for roof support 

Digestion Not at this site  Significant space required for digester 
facility 

 Significant cost to provide digester facility 
Combined Heat & Power No  Digester gas and natural gas will not be 

available at the facility 
Struvite Recovery No  Insufficient amount of ammonia and 

phosphorous in recycle streams 
Irrigation No  Irrigation demands are not expected to be 

significant 
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Table 6-1. Sustainable Design Feature Recommendations 
 

Sustainable Design Feature 
Recommended For 
Further Evaluation 

Reasoning 

Stormwater LID Yes 

 Required by local regulations 
 Some LID features are inexpensive to 

implement 
 Reduce cost of stormwater management 

system 

Permeable Pavement No 

 Increased maintenance compared to 
traditional asphalt 

 Potentially more expensive than traditional 
asphalt 

 Increased risk of soil and groundwater 
contamination 

 Potential for safety and access hazards 
due to limited sand and deicing usage 

Locally Sourced Materials Yes  Support local economy 
 Reduced environmental impact for 

material transportation 
Recycled Materials – Flyash 
in Concrete 

Yes  Beneficial to environment 
 AECOM standard design practice 

Recycled Materials – 
Miscellaneous Building 
Products 

Yes 
 Available for many products 
 Limited increase in material cost, if any 
 Easy to implement into design 

Building Reuse Yes 

 Limited space on existing site to provide 
new buildings 

 Reduce overall environmental impact of 
construction 

 Potential to reduce cost 

Daylighting Yes 

 An effective alternative to a traditional 
lighting fixture 

 Reduced power costs 
 Nominal increase in equipment costs 
 Potential health benefits of natural light 

Building Envelope Yes  Required by code 
 Reduced energy costs 

Turbo Blowers Yes 
 Reduce energy costs 
 More complicated system required 
 Further evaluation needed as design is 

finalized 
Chemically Enhanced Primary 
Treatment 

No 
 Limit chemical usage, traffic and cost 

Water Reuse No 
 Significant irrigation demands are not 

expected 
 Will be considered if irrigation demands 

increase 
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Table 6-1. Sustainable Design Feature Recommendations 
 

Sustainable Design Feature 
Recommended For 
Further Evaluation 

Reasoning 

Effluent Source Heat Pumps No 
 Expensive systems that requires fossil fuel 

backup system 
 Long payback period 
 Increased maintenance 

Solar Thermal Hot Water Yes 

 Reduced energy costs 
 Facility will have significant requirement 

for on-hand tempered water for locker 
room and emergency showers 

 Moderate payback period 

Separation of Spaces Yes 

 Reduced energy costs 
 Improved equipment durability 
 Required for hazard classification 
 Potential capital cost savings 
 Improved health and safety for plant staff 

HVAC Heat Recovery 
Ventilators 

Yes  Reduced energy cost 
 Well established sustainable feature 

throughout the building industry 

Solar Wall Yes 

 Use on limited basis, where walls face 
south without obstruction  

 Reduced energy costs 
 Further evaluation needed as site plan is 

developed 

Building Integrated Radiant 
Heat 

Yes 

 Consider on case-by-case basis 
 Tubing life is less than concrete 
 Tubing has to be abandoned if failure 

occurs / spare tubing installed 
 Potential to limit or prevent future 

penetrations through the slab 

Condensing Boilers Yes 

 Reduced energy costs 
 10% increase in combustion efficiency 
 Incremental cost difference compared to 

non-condensing boilers 
 Quality of equipment has recently 

increased 

Aeration Blower Heat 
Recovery 

Yes 

 Reduced energy costs 
 Recover energy that is typically wasted 

from process 
 Used for space heating and hot water 
 Further evaluation is needed as blower 

design is finalized 

Low Flow Plumbing Fixtures Yes 
 Reduced water usage 
 Negligible cost impact 
 Easy to implement into design 

Wind Power No 
 Insufficient wind resource available 

Hydro Power No  Insufficient hydro power resource available 
with current commercially available 
technology 
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Table 6-1. Sustainable Design Feature Recommendations 
 

Sustainable Design Feature 
Recommended For 
Further Evaluation 

Reasoning 

Solar Photovoltaic Power No  Long payback period 
 Funding from grants, incentives or rebates 

needed 

Variable Frequency Drives Yes 

 Standard method for flow control 
 Rebates available 
 Flow control required for process 
 Easy to implement into design 
 Will assist with power factor management 

Premium Efficient Motors Yes 
 Reduced power costs 
 Rebates available 
 Differential cost payback of 1.4 years for 

10 hp motor 

Lighting Yes 
 Required by IECC 
 Reduced power costs 
 Rebates available for certain lighting 

features 
Power Factor Management Yes 

 Reduced power costs 

Power Monitoring Yes 

 Provide ability to pinpoint areas or 
systems operating inefficiently  

 Observe power usage in real time 
 Provide ability to recognize opportunities 

to reduce power costs 
 Extent of power monitoring system to be 

determine during final design 









 

8-1 AECOM 

8 SUMMARY AND NEXT STEPS 

The Phase 1 Design period has advanced the design of the necessary upgrades to approximately the 
10% level. Major facets of this phase of the design included: 

 Site investigations 
 Preliminary permitting 
 Advancement of the process and hydraulic design  
 Evaluation of the existing facilities 
 Development of construction constraints, and 
 Evaluation of potential sustainable features 

At the writing of this report, the design concept has been advanced to the point where the scope of the 
upgrade is clear. This report summarized the list above and provided a comprehensive picture of what is 
envisioned to be included in the plant upgrade project. 

Prior to this report, a number of draft memoranda were prepared on these topics. These draft memoranda 
are the basis of this report and are attached. However, in some cases, changes have been made to the 
concepts presented in the draft memoranda as the project progressed. This report presents the most up 
to date information. 

Following the conclusion of this report, work will begin on the Phase 2 Design, which will advance the 
design concepts outlined above to the preliminary design level (30%). At the conclusion of Phase 2 
Design, a Preliminary Design Report will be prepared. The Preliminary Design Report will be used by an 
independent value engineering team to conduct a review of the project. 
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Appendix A Site Survey 
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Appendix B Geotechnical Design Report 
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Appendix C Wetland and Shoreland Report 

  





http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits/reg_supp.aspx
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits/reg_supp.aspx
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits/reg_supp.aspx
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Appendix D Permitting Needs Assessment Report 
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Appendix E Initial Findings from Portsmouth Wastewater Treatment Facility 

  







 

 AECOM 

 

 

 

 

 

 

 

 

Appendix F Existing Facility Evaluation 
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will be provided per National Fire Protection Association’s Standard for Fire Protection in Wastewater 
Treatment and Collection Facilities (NFPA 820) requirements, using on/off controls based on 
occupancy and adjustable rates where allowable. AECOM recommends providing heat only except for 
possible mechanical cooling in designated electrical rooms. Mechanical cooling or heat relief ventilation 
for designated electrical rooms should be considered. Additionally, a dedicated local solar thermal 
system to serve emergency eyewash/shower is recommended. The city water entrance piping within 
the building as well as backflow preventer assembly should be replaced. Yard hydrants should be 
supplied with a new plant water system (chlorinated secondary effluent) in lieu of potable city water. 
Lastly, AECOM recommends replacing and insulating piping throughout. 
 
2.5 Electrical 
 
The existing electrical distribution system includes the following: 
 

 Motor Control Centers (MCC) 2 and 2A are located in the building and providing power to the 
equipment in the building. The MCCs are Westinghouse 2100 series. The MCCs are located in 
the process area first floor sharing the same space with the process equipment. 

 There are 3 Allen Bradley (AB) Variable Frequency Drives (VFDs) located in the first floor 
process area. 

 The MCCs and the VFDs are provided in NEMA-1 enclosures.     
 
The electrical system is showing signs of corrosion and is past or near the end of its expected life. It 
should be replaced in its entirety. New electrical equipment should be located in a dedicated electrical 
room as locating it in wet or corrosive areas will shorten its life. A building addition should be provided 
for new electrical equipment as needed. The classifications of the building spaces need to be evaluated 
in accordance with NFPA 820 and provide/upgrade the ventilation system to provide the required air 
changes per hour. The grit classifier area should be permanently separated from thickened sludge 
pumping area. The existing lighting and fire alarm system should be replaced. The existing paging 
system should be disconnected and removed. 
 
2.6 Instrumentation 
 
AECOM recommends replacement of the existing control system and instrumentation in the Grit 
Removal Facility because the existing PLCs are no longer supported by the manufacturer and the 
equipment is located within the process area and is beginning to corrode. Additionally, the grit facility 
improvements will require new and perhaps additional process equipment.  New electrical distribution 
and controls will be provided along with this equipment.  AECOM recommends that the new process 
control equipment be located ancillary to the electrical switch gear in an environmentally protected 
area.   
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
2.7 Recommendations 
 
The Grit Removal Facility should be reused as a part of the facility upgrade. The building is in good 
condition, but improvements to the electrical system, HVAC system and inclusion of energy efficient 
features are recommended. Access throughout the building should be modified as required to isolate 
areas of dissimilar functions. The grit chambers should be inspected to determine necessary structural 
repairs. 
 
Due to the dimensions of the existing grit chambers and the dimensional requirements of vortex grit 
systems, modifying and reusing the existing aerated grit chambers is recommended. The mechanical 
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equipment such as aeration blowers, grit pumps, thickened sludge pumps, and HVAC equipment 
should be replaced due to their existing condition. The grit classifier, with improved operating 
conditions, should be reused. The ferric chloride and polymer systems for CEPT operation should be 
replaced and upsized to meet operating conditions. Preliminary results of the Odor Control Evaluation 
suggest that the grit basins should be covered and exhausted to the odor control system.  
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3.0 PRIMARY CLARIFICATION AND FLOW SPLITTING 
 
This section summarizes the status of the existing primary clarifiers and flow distribution structures by 
discipline and offers recommendations for needed improvements. 
 
3.1 Architectural 
 
These areas of the facility do not require any architectural modifications. 
 
3.2 Structural 
 
The two primary clarifiers are 78 feet in diameter, approximately 15 feet in depth and were operating 
during the site tour. The clarifiers appear to be in good condition from a structural standpoint.  A crack 
was noted in the top of the launder wall of Primary Clarifier No. 1. The crack extends approximately 
one third of the way around the tank.  The cause and age of the crack is unknown although it likely 
occurred due to uneven curing during construction. It is cosmetic and not of concern structurally but 
should be repaired as part of the upgrade.  
 
Further inspection of each primary clarifier was conducted during July while each clarifier was down for 
maintenance. No significant deterioration was noted. AECOM recommends carrying an allowance for 
concrete repairs with standard repair procedures in the construction contract. 
 
The flow distribution boxes were operating during the site tour and the condition of these structures 
could not be observed.  Weir modifications and gate replacement are anticipated within these boxes 
which will require the boxes be temporarily taken out of service.  This will afford opportunity for 
inspection at that time.  An allowance for concrete repairs with standard repair procedures will be 
incorporated in the construction contract.   
 
3.3 Process Mechanical 
 
The existing drives, collector mechanisms, weirs and baffles will need to be replaced for each primary 
clarifier due to their age and condition. 
 
Currently the existing slide gates within the flow distribution boxes are not in working order and cannot 
be reused. Additionally, the flow distribution boxes will need to be modified to address the needs of the 
upgraded plant.  New slide gates, preferably inverted type gates are suggested as they allow better 
flow split control by the operators.  
 
The primary influent flow distribution box should be modified to allow for either clarifier to be designated 
the dry-weather clarifier. The flow distribution box should include a passive overflow to the offline, wet 
weather clarifier, but with adjustment capability for control by the operators.  
 
The primary effluent flow distribution box should be modified to send dry weather flow to the proposed 
secondary influent pump station and include a passive overflow to send wet weather flow directly to 
disinfection. This portion of the structure should include a chemical diffuser manifold and mixer, if 
needed. 
 
3.4 Building Services 
 
These areas of the facility do not require any modifications in terms of building services. 
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3.5 Electrical 
 
A new electrical system is recommended to support process equipment upgrades. 
 
3.6 Instrumentation 
 
AECOM recommends replacement of the existing control system and instrumentation at the primary 
clarifiers because the existing PLCs are no longer supported by the manufacturer and the mechanical 
equipment in this area is being replaced. New electrical distribution and controls will be provided along 
with this equipment.  The process improvements will require new primary sensors and controls for all 
process equipment.  The controls will include monitoring and alarm condition of all equipment.  
Controls may include sequential batching of scum and continuous sludge removal based on a variable 
flow set-point.   
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
3.7 Recommendations 
 
The primary clarifier structures are generally in good condition. Inspections for the flow distribution 
boxes are recommended during construction to determine if the structures are in need of concrete 
repair. Reconfiguration of the internal flow splitting is recommended to allow for passive overflows to 
the designated wet weather clarifier and to disinfection during times of high flow. 
 
Replacement for all clarifier equipment is recommended. The slide gates in the flow distribution boxes 
should be replaced, possibly with inverted gates to improve flow distribution. Electrical distribution, 
instruments and control system should be provided to support the new process equipment 
improvements. Possible odor control improvements to the clarifiers are being evaluated separately. 
Concepts under consideration are covering the launders or covering the entire clarifier. 
 
The process improvements to the primary clarifiers and addition of secondary treatment will result in 
the clarifiers operating differently than they do now. Since one of the clarifiers will be a wet weather 
clarifier, this tank will be used and drained on an intermittent basis. A full-time dewatering pump station 
will be needed to drain this tank back to the head of the plant automatically. In addition, level sensors 
will need to be added to signal this pump system to start and for the CEPT system to turn on during 
times of wet weather.  
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4.0 DISINFECTION 
 
This section summarizes the status of the existing disinfection process by discipline. Additionally, it 
evaluates the use of the existing chlorination/dechlorination system for all flows or providing a UV 
disinfection system for secondary effluent and using the existing disinfection system for wet weather 
flows. This section addresses the Chlorine Contact Tank and disinfection process. Section 6.0 
addresses the Chemical Storage and Feed Equipment. 
 
4.1 Architectural 
 
These areas of the facility do not require any architectural modifications. 
 
4.2 Structural 
 
The Chlorine Contact Tanks were originally constructed as sedimentation basins as part of the original 
wastewater treatment facility, designed in 1963. They were converted to Chlorine Contact Tanks in the 
1980s upgrade. The tanks are in reasonably good condition with many cracks in the walkway noted. 
The slabs at the north end of the tanks, adjacent to the solids handling building have experienced 
heavy spalling and will require repair.  This tank should undergo a complete inspection when each train 
can be taken off line and cleaned.  
 
4.3 Process Mechanical 
 
This section includes a description of how UV disinfection could be implemented for secondary effluent 
on the site as well as a cost comparison of chlorination/dechlorination for all the flow versus 
chlorination/dechlorination for wet weather flows and UV disinfection for dry weather flows. 
 
4.3.1 Chlorination/Dechlorination Only 
 
Under this option, the existing chlorine contact tanks would be used for the entire plant flow as they are 
currently. Normally, the flow through these tanks would be BAF effluent but in times of wet weather the 
BAF effluent would be combined with CEPT effluent prior to chlorination.  
 
4.3.2 UV Disinfection and Chlorination/Dechlorination 
 
Under this option, a UV disinfection system would be added next to the chlorine contact tank to 
disinfect the BAF effluent flow. The existing chlorine contact tanks would be used solely to disinfect wet 
weather flows that receive only CEPT treatment. AECOM obtained a proposal from TrojanUV for this 
application which is attached in Appendix C. Their proposed process includes two redundant channels. 
Each channel would have three banks of 160 lamps each. The channel length would be 24.5’ long and 
it has been assumed that the channels would combine into an effluent chamber with a finger weir 
system. The channels would be isolated with slide gates. In order to allow for operation and 
maintenance in the winter, the UV channels would be enclosed in a new brick and block building with 
attached electrical room. A manual hoist would be provided for lifting modules out of the channel for 
lamp replacement. 
 
The existing NPDES permit requires the plant effluent to meet a monthly average fecal coliform of 14 
MPN/100 mL with not more than ten percent of the collected samples exceeding 43 MPN/100 mL. 
These stringent limits are a result of the presence of shellfishing in the Piscataqua River area. As a 
result, the proposed UV system is larger than many comparable facilities due to the strict disinfection 
limits. TrojanUV indicated that normally a system of this size would be designed with a dose of 30,000 
to 40,000 µWs/cm2. The system proposed has a dose of over 100,000 µWs/cm2 to meet the stringent 
limits and would be used to disinfect the peak hour flow from the BAF units.  
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The chlorination/dechlorination system would remain active and be used only to disinfect wet weather 
flows that do not receive secondary treatment. After storms, these tanks would be drained using new 
dewatering pumps. 
 
4.3.3 Cost Comparison 
 
Capital Cost Comparison. A conceptual opinion of cost for the new structures and equipment 
necessary under the UV disinfection alternative was developed. Although there are capital costs 
associated with it, an opinion of cost for the chlorination/dechlorination only alternative was not 
developed because the improvements necessary for it are also necessary for disinfection of wet 
weather flows in the UV disinfection alternative. The opinion of cost developed is included in Appendix 
D and is summarized below. In developing the opinion of cost for the UV alternative, AECOM has used 
an Island Construction Premium of 3 percent to match work completed under the Phase 2 Initial 
Piloting tasks.  
 
The total estimated capital cost is a conceptual planning level cost and has been developed based on a 
number of assumptions and may not represent the final project capital cost for the facilities once 
designed.  The final cost could be higher or lower depending on what decisions are made during the 
design phase, how the final facilities are constructed, and when the final facilities are constructed. The 
preliminary opinion of capital cost is based on 2013 costs and has been escalated to the estimated 
mid-point of construction of April 2016. 
 
Table 1 below displays the capital cost estimates for the UV disinfection alternatives. 
 

Table 1. Disinfection Alternatives Opinion of Capital Cost Summary 

Alternative Estimated 
Cost ($MM) 

UV Disinfection & Chlorination/Dechlorination $9.1 
 
Operations & Maintenance Cost Comparison. AECOM developed a conceptual level estimated annual 
operation and maintenance cost for the two disinfection alternatives. The estimated annual operation 
and maintenance costs developed are summarized below. The estimate reflects only the operation and 
maintenance costs to support the proposed technology and is not inclusive of other processes at the 
Peirce Island WWTF such as primary treatment, secondary treatment, or sludge handling and disposal. 
The estimates consist of annual costs for electricity, chemicals, labor and equipment replacement. 
Annual electricity costs were based on motor horsepower and an estimated annual runtime at an 
electricity cost of $0.13 per Kilowatt hour. Chemical costs were developed based on vendor provided 
and/or estimated chemical dosages and chemical costs. Required chemicals are sodium hypochlorite 
and sodium bisulfite. Estimated labor costs were developed based on the The Northeast Guide for 
Estimating Staffing at Publicly and Privately Owned Wastewater Treatment Plants prepared in 
November 2008 by the New England Interstate Water Pollution Control Commission (NEIWPCC). 
Equipment replacement costs were based on a percentage of raw equipment costs and were adjusted 
as needed based on vendor specifics. Table 2 presents the estimated annual O&M costs. 
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Table 2. Estimated Annual Operation and Maintenance Costs Summary 

Item 

Chlorination / 
Dechlorination 

Only 

UV Disinfection 
& Chlorination / 
Dechlorination 

Electricity $1,000 $103,000 

Labor & Maintenance $51,000 $41,000 

Chemicals $75,000 $4,000 

Parts & Replacement $3,000 $112,000 

Total  $130,000 $260,000 

 
Life Cycle Cost Comparison. AECOM estimated the life cycle cost of the disinfection alternatives. The 
life cycle cost was estimated by summing the total capital cost and the present worth of the annual 
operation and maintenance cost. The present worth value of the operation and maintenance costs was 
developed using a period of 20 years and a present worth interest rate of 4.375 percent based on the 
United States Department of Agriculture’s Natural Resources Conservation Service’s discount rate for 
federal water projects.  Table 3 summarizes the calculated life cycle costs.  
 

Table 3. Estimated Life Cycle Costs Summary ($MM) 

Cost Item 

Chlorination / 
Dechlorination 

Only 

UV Disinfection 
& Chlorination / 
Dechlorination 

Capital  - $9.1 
20 Year Present Worth O&M $1.71 $3.42 
20 Year Life Cycle $1.71 $12.52 

  
As indicated in Table 3, the costs of UV disinfection are significantly greater than those for 
chlorination/dechlorination only. The main reason for this significant cost difference is that the 
chlorination/dechlorination in already in place on the site and the required improvements to it are 
common to both disinfection alternatives. The capital and O&M cost of UV disinfection itself is larger 
than normal because the strict fecal coliform limit due to shellfish increases the amount of power and 
number of lamps in the system. Based on this analysis, AECOM recommends continuing with 
chlorination/dechlorination only for disinfection of secondary effluent and wet weather flows. 
 
4.3.4 Existing Equipment 
 
The existing Chlorine Contact Tank is to remain, however the scum collection system is not used and 
could be removed or abandoned in place. Given that CEPT effluent will periodically enter the Chlorine 
Contact Tank, AECOM recommends keeping this system operational. 
 
4.4 Building Services 
 
These areas of the facility do not require any modifications in terms of building services. 
 
4.5 Electrical 
 
A new electrical system is recommended to support process equipment upgrades. 
 
4.6 Instrumentation 
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AECOM recommends replacement of the existing control system and instrumentation at the 
disinfection system because the existing PLCs are no longer supported by the manufacturer, the 
instruments are at the end of their expected life and the chemical feed system is recommended to be 
replaced. There will be two hypochlorite dosage points. First, the secondary effluent will be dosed with 
hypochlorite likely in the second stage BAF building where the effluent pipe is exposed to allow for 
maintenance. The dose will be flow paced and trimmed based on downstream chlorine residual. Any 
wet weather CEPT effluent will be dosed in the primary effluent distribution box based on the difference 
between the influent flow and BAF influent flow. An ORP analyzer will be used to control addition of 
bisulfite, which will be dosed in its current location at the end of the chlorine contact tank.  
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
4.7 Recommendations 
 
The chlorine contact basin is in relatively good condition. Structural repairs where concrete is beginning 
to spall should be completed. Instrumentation and controls should be replaced and revised to allow for 
two hypochlorite and one bisulfite dosage points. Both hypochlorite dosage points will be flow paced. 
The secondary effluent hypochlorite dose will be trimmed based on chlorine residual. Bisulfite will be 
added at its current location and based off of ORP. UV disinfection for the secondary effluent should 
not be pursued as it is significantly more expensive over a 20-year life cycle than 
chlorination/dechlorination. 
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5.0 GRAVITY THICKENING 
 
This section summarizes the status of the existing gravity thickener by discipline and offers 
recommendations for needed improvements. 
 
5.1 Architectural 
 
These areas of the facility do not require any architectural modifications. 
 
5.2 Structural 
 
The existing Gravity Thickener is 30 feet in diameter with an average depth of approximately 15 feet.  A 
prefabricated dome structure encloses the tank.  The enclosure appears to be in good condition. 
 
The concrete walls of the Gravity Thickener are experiencing some deterioration at the water surface 
elevation. The steel within the structure that supports the equipment and walkway is corroded.   
 
Replacement of the mechanical components is recommended as described in Section 5.3. The 
structural supports and walkway are integral to the mechanical components and would be replaced at 
the same time. AECOM also recommends that the concrete corrosion at the waterline be repaired. An 
allowance for concrete repairs with standard repair procedures will be incorporated in the construction 
contract.  
 
AECOM does not believe that replacement of the walk in enclosure is necessary at this time. This will 
require the contractor to remove the dome cover and replace it after work on thickener equipment is 
complete. 
 
5.3 Process Mechanical 
 
The existing Gravity Thickener has a dome cover served by the odor control system. The Gravity 
Thickener should remain covered for odor control purposes.  
 
The existing drive mechanism, weirs and baffles should be replaced due to their age and condition. 
The thickened sludge pumps are located in the Grit Building are discussed under that section.  
 
5.4 Building Services 
 
These areas of the facility do not require any modifications in terms of building services. 
 
5.5 Electrical 
 
A new electrical system will be provided to support process equipment upgrades. 
 
5.6 Instrumentation 
 
AECOM recommends replacement of the existing control system and instrumentation at the gravity 
thickener because the mechanical equipment in this area is being replaced and the controls for this 
area are located in a process space. New electrical distribution and controls are recommended along 
with the new equipment.  New primary sensors and controls are recommended for all process 
equipment.  The controls would include monitoring and alarm condition of all equipment.     
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
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5.7 Recommendations 
 
The existing Gravity Thickener structure, including concrete tank and dome, appear to be in good 
condition and should be reused with the facility upgrade. Concrete repairs at the waterline are 
recommended. 
 
Replacement of all Gravity Thickener equipment, electrical distribution, instrumentation and control 
equipment is recommended. The existing dome will need to be temporarily removed from the Gravity 
Thickener during equipment replacement. Air from under the dome should continue to be conveyed to 
the odor control unit. The Odor Control Evaluation will discuss the odor control needs of the plant more 
thoroughly.  
 
As the design for the BAF backwash facilities and new gravity thickener move forward, consideration 
will need to be given to how sludge is distributed between the gravity thickeners. A distribution box may 
be necessary. 
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6.0 SOLIDS PROCESSING 
 
This section reviews the existing Solids Processing Building by discipline, evaluates it use as the 
Administration Building, and offers recommendations for needed improvements. The alternatives 
considered for the Solids Processing Building are: 
 

 Option SB1 - Rehabilitation of Solids Processing Building for continued use as a Solids 
Processing Building 

 Option SB2 - Repurposing Solids Processing Building as Administration Building 
 Option SB3 - Demolishing the Solids Processing Building and Construction of a new 

Administration Building 
 
The two existing belt filter presses will be replaced in the future with screw presses based on the 
recommendation contained in the 2010 Wastewater Master Plan. Exclusive of space for polymer and 
permanganate storage and feed, this process will occupy roughly 1,000 ft2 which will fit within the 
existing Solids Processing Building or the existing Administration Building. 
 
6.1 Architectural 
 
The Solids Processing Building is a 3,570 square foot (footprint), 1 ½ story structure constructed in the 
1960s. It was originally used as an Operations/Process building but in the 1980’s upgrade was 
converted to sludge processing and chemical feed with some office and storage space. The 
superstructure is comprised of a cast in place concrete frame with brick and block walls and concrete 
roof structure. The brick and CMU walls are not insulated and windows have single pane glass. 
Although AECOM was not able to observe the roof, record drawings indicate a built-up roof with 1” of 
rigid insulation.  
 
The partially below grade basement is constructed of cast-in-place concrete with a concrete floor and 
brick/ CMU walls at exposed exterior portions. The basement level contains process pumps and piping, 
storage and a truck way for the solids container. 
 
Architectural features for each of the potential options for the Solids Processing Building are as follows:  
 

 Option SB1 - Rehabilitation of Solids Processing Building for continued use as a Solids 
Processing Building (as shown on Figures A-1 and A-2 in Appendix E): 

 
o Fur-out interior walls with new vapor retarder, rigid insulation and CMU block. 
o Provide a new roof consisting of a vapor retarder, increased rigid insulation and a 

“cool” roofing membrane. This would require a new brick parapet be constructed to 
accommodate the increased insulation thickness. 

o Clean and re-point brick veneer and parge all exterior concrete pilasters and beams. 
o New energy efficient doors and windows throughout. 
o New “front of house” spaces including electrical and mechanical spaces, office/control 

space, storage room, toilet facility. 
o Extend the truck way to accommodate a second solids container. 
o Cleaning and re-painting throughout including concrete floors. 

 
 Option SB2 - Repurposing Solids Processing Building as Administration Building: 

 
The upper level superstructure would be demolished to the floor level slab and replaced 
with new construction. The laboratory, locker rooms, electric room and storage would be 
located at the basement level along with stairs to the upper level and an elevator for ADA 
access. ADA access is required for administrative space because it is a public building that 
handicapped visitors may visit or a handicapped employee could work.  Due to the low 
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floor to floor height of 11’-0”, ceilings would consist of painted underside of slabs. HVAC 
ductwork and electrical cabling would be exposed and require thoughtful placement to run 
under the existing concrete beams which are roughly 8’-0” above the basement floor level. 
Existing concrete columns in the basement would be retained which might not result in the 
most efficient layout of space. Exterior brick veneer would be removed down to the 
foundation level and replaced with a new insulated brick cavity wall. 
 
The upper level construction above the existing floor slab would be new and would 
accommodate offices, kitchen and conference areas, men’s and women’s rooms, Control 
Room, Records Storage, SCADA, stairs and elevator to access the basement level. A new 
concrete floor slab would be added at the front entry to provide a uniform level slab 
throughout. An exterior stair and ramp would be added for ADA accessibility. 
 
In this option, the existing chlorine and bisulfite pumps located in the basement would need 
to be relocated elsewhere on-site. The existing single truck way would be maintained for 
vehicle storage, but this option does not provide any additional vehicle storage bays. 

 
 Option SB3 - Demolishing the Solids Processing Building and Construction of a new 

Administration Building (as shown on Figures A-3, A-4 and A-5 in Appendix E): 
 
This option would be similar to repurposing the Solids Processing Building as an 
Administration Building but would first demolish the existing Solids Processing Building and 
build a new Administration Building in its place. The proposed basement functions from the 
option above would be accommodated on the grade level and the grade level functions on 
a new second level. The basement could then be used for the chlorine and bisulfite pumps, 
HVAC functions, vehicle storage and miscellaneous storage. This would result in a 2 story 
structure on the west and a 3 story structure on the east side of the building. The new 
construction would be constructed of energy efficient materials and would have proper 
ceiling heights for this type of space. This option would also receive a second set of egress 
stairs for code compliance and an elevator for ADA access. 

 
6.2 Structural 
 
The Solids Processing Building is a concrete framed structure with masonry and precast window panel 
infill.  The lower level is enclosed in concrete walls and a common wall exists between this structure 
and the Chlorine Contact Tanks.  The impact of any option on the chlorine contact tanks would need to 
be considered. 
 
The structural considerations associated with the three options under consideration are as follows: 
 

 Option SB1 - Rehabilitation of Solids Processing Building for continued use as a Solids 
Processing Building (as shown on Figures A-1 and A-2 in Appendix E): 

 
This option would require the investigation of the existing first floor to determine the capacity to 
support new dewatering equipment.  Should the floor be unable to support the equipment as it 
is, a shoring or supplemental support system would be provided in the basement to 
independently carry the equipment loads.  Provisions for an additional truck way would need to 
be provided because of the estimated future sludge volume. The first floor would need to be 
gutted and containment curbing installed around the dewatering equipment and any chemical 
areas to be located within the structure.  For comparison purposes, floor reinforcement has 
been assumed to be necessary. 

 
 Option SB2 - Repurposing Solids Processing Building as Administration Building: 
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This option would require demolition and removal of the roof and superstructure down to the 
level of the operating (first) floor and the construction of a two story structure of lighter steel 
frame construction.  It is assumed that bearing pressure on rock and the foundation 
substructure would be adequate to accept the new loads.  This will need to be verified in the 
preliminary design phase of the project if this option is selected. 

 
 Option SB3 - Demolishing the Solids Processing Building and Construction of a new 

Administration Building (as shown on Figures A-3, A-4 and A-5 in Appendix E): 
 

This option would require complete demolition and removal of the building including the 
foundation and constructing a new Administration Building on the site. 

 
6.3 Process Mechanical 
 
The Solids Processing Building currently contains the plant’s chemical feed and dewatering equipment.  
Dewatering is accomplished by two belt presses discharging to a serpentine belt that discharges 
through the floor to a distribution conveyor built into the sludge container (30 cubic yard containers 
specially built for the facility). The plant currently dewaters sludge 4 days a week at approximately 15 
tons per day. Polymer for dewatering is provided by a Polyblend system that pumps to a small 
mixing/aging tank next to the BFP’s prior to addition to the sludge feed line. 
 
In addition to the belt filter presses and polymer storage and feed system, the Solids Processing 
Building houses the Sodium Hypochlorite and Sodium Bisulfite chemical feed systems. These systems 
are located in the lower level of the Solids Processing Building and are directly connected to the 
exterior bulk storage tanks and are not surrounded by a containment system. If there were a break in a 
chemical line as it enters the Solids Processing Building there would be no way to stop the leak. 
Because there is no containment in the basement of the Solids Processing Building and the basement 
contains other, dissimilar chemicals stored there, there is a potential for an extremely hazardous 
chemical spill.  
 
In addition to the hypochlorite and bisulfite feed system, the basement level also contains the 
potassium permanganate storage and feed system. Potassium permanganate is added to the sludge 
as an oxidizer as required by the sludge disposal site, the Turnkey Landfill in Rochester. This system 
also does not have a permanent containment system and should be addressed in the upgrade design.  
 
All of the sludge dewatering equipment is at the end of its useful life and should be replaced with screw 
presses as recommended in the 2010 Wastewater Master Plan prepared by Brown and Caldwell. The 
polymer, permanganate, hypochlorite and bisulfite feed systems are also at the end of their useful lives 
and should be replaced as well. Because all or nearly all of the equipment in this building needs to be 
replaced, retrofitting the building as an Administration Building is not an unrealistic idea.  
 
The process mechanical considerations associated with the three options under consideration are as 
follows: 
 

 Option SB1 - Rehabilitation of Solids Processing Building for continued use as a Solids 
Processing Building (as shown on Figures A-1 and A-2 in Appendix E) : 

 
If the Solids Processing Building were to continue to be used for solids processing, chemical 
containment and a second truck way would be major considerations needing resolution. 
Chemical containment in the basement would be required for the sodium hypochlorite and 
sodium bisulfite systems, as well as the polymer and permanganate systems. The hypochlorite 
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and bisulfite systems would each require approximately 560 ft2 of containment. The polymer 
system would require roughly 300 ft2 of containment assuming a wet system while the 
permanganate system would require roughly 200 to 300 ft2 of containment. If all of these 
chemical systems were to be housed in the basement, a sprinkler system would be required by 
code.  
 
Perhaps more problematic is the expansion of the existing truck way for a 40 cy container and 
the addition of a second truck way. Given the building’s location on the site, adding a second 
truck way would require construction very close to the fence line and would likely eliminate the 
ability to circumnavigate the site without driving in reverse. Retrofitting the existing truck way 
would involve making it taller and/or longer. 
 
In addition to the chemical containment and truck ways, the basement of this facility is the 
logical place for a plant water system and perhaps for a central heating system discussed 
under the Building Services section. A plant water system was previously located here and 
should be added to draw water from the end of the chlorine contact tank and deliver it to a 
distribution system for hose gates, flushing water and chemical carrier water throughout the 
plant. This will significantly reduce the use of City water. 

 
 Option SB2 - Repurposing Solids Processing Building as Administration Building: 

 
Should the Solids Processing Building be repurposed as an Administration Building and the 
dewatering process be relocated to the existing Administration Building, the only process 
mechanical functions remaining would be the hypochlorite and bisulfite feed systems. 
However, these systems would need to be moved elsewhere on the site because this option 
places many administrative functions on the lower level where these feed systems are 
currently located.  
 
The pumps would need to be located in a new structure to allow for year-round maintenance 
and it would need to be sized to contain a chemical spill or transfer pumps would need to be 
included in the existing Chemical Storage Facility that would pump to small day tanks within 
this new structure. This structure would be approximately 1300 ft2 and be located in the 
driveway area between the Solids Processing Building and Chemical Storage Tanks. The shed 
in that area would be demolished. 
 
This alternative would not leave space in the basement for a plant water system nor a central 
heating plant. 

 
 Option SB3 - Demolishing the Solids Processing Building and Construction of a new 

Administration Building (as shown on Figures A-3, A-4 and A-5 in Appendix E): 
 

This option would be similar to the option above except that the basement would be available 
for the hypochlorite and bisulfite feed systems, plant water system, and central heating plant. If 
the chemical systems were to be arranged similar to the way it currently is, the hypochlorite 
and bisulfite systems would each require approximately 560 ft2 of containment. Chemical 
containment would occupy roughly one third of the entire basement footprint and may begin to 
impact the ability to maintain a vehicle storage bay while still leaving enough room for other 
building services requirements. If transfer pumps were located in the chemical storage tank 
structure and day tanks located in the basement of the existing Solids Processing Building, 
then this space requirement could be significantly reduced.  
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6.4 Building Services 
 
The existing Solids Processing Building is an extremely corrosive environment that has resulted in 
significant corrosion to existing HVAC and plumbing equipment. HVAC equipment in this space 
includes hot water unit heater, electric unit heater, window A/C units, dehumidifiers, gas fired boiler and 
exhaust ventilation. Plumbing equipment in the building includes a backflow preventer and water meter, 
radon water mitigation, electric hot water heater, and emergency eyewash/shower. The building is also 
served by the odor control system which is discussed in more detail in Section 10.0.  
 
Overall, the equipment is in poor condition throughout. The unit heaters and dehumidifiers are 
corroded, there is excessive condensation on un-insulated piping, and groundwater problems are 
exacerbated by non-working floor drains. The boiler jacket is corroded and associated propane gas 
piping is not recommended in the corrosive environment due to the potential for leaks. The electric hot 
water heater is relatively new and in reasonable working condition.  
 
As mentioned earlier, the building is not insulated and is reported to be very cold in the winter. There is 
a 1,000 gallon above-ground propane tank serving the boiler for the building. In the winter, the building 
uses approximately 1,000 gallons per week of propane for heat.  
 
From a building services standpoint, the recommendations for this building are the same no matter the 
options under consideration. In the interest of energy reduction, dissimilar functions should be isolated 
to minimize volumes that require high ventilation rates. Ventilation rates per NFPA 820 requirements 
should be provided with on/off controls based on occupancy and adjustable rates where allowable. 
Only heat should be provided except for possible mechanical cooling in designated electrical rooms 
and occupied spaces such as offices, labs and control rooms. The city water entrance piping within the 
building as well as backflow preventer assembly should be replaced. Any piping within the building 
should be replaced and insulated. Floor drains should be replaced. Lastly, a dedicated local solar 
thermal system to serve emergency eyewash/shower in this building and at the hypochlorite and 
bisulfite storage tanks is recommended. 
 
If possible, the recommended option for this space would be to use some of the basement space to 
install a central heat plant. This approach combines into one central heating plant the thermal 
requirements of the treatment plant. Heating water (and possibly chilled water) would be distributed to 
individual buildings via underground piping, as opposed to the present arrangement with individual 
heating systems serving individual buildings. A possible central plant configuration would consist of a 
combination of water-source heat pumps and fossil fuel high-efficiency boilers. The heat sink and heat 
source for the heat pumps would be the plant water which is attractive because the heat source water 
temperatures are relatively high in the winter, and relatively cool in the summer. This results in higher 
efficiency than from conventional heat sinks and sources which are typically either ambient air (air-
source heat pumps) of the ground (ground-source heat pumps).The back-up boilers would be either 
high efficiency #2 oil or high efficiency propane condensing boilers. A hybrid of these two approaches 
may work best. For example, a central heating plant could provide heating to process related buildings, 
electric rooms could have dedicated A/C systems, and the administration building could have entirely 
standalone HVAC systems. 
 
6.5 Electrical 
 
Motor Control Center MCC-3 is located in the building and provides power to the equipment in the 
building. The MCC is Westinghouse 2100 series. The MCC is located on the first floor in what was a 
locker room and only somewhat segregated from the process equipment.   
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The existing electrical system has reached its useful life. It is beginning to show signs of corrosion and 
should be replaced. It is recommended that the following actions be undertaken in regards to the 
existing electrical system in the building no matter whether it is the Solids Processing or Administration 
Building: 
 

 Replace the electrical system in its entirety. 
 Locate the new electrical equipment in a dedicated electrical room. 
 Reconfigure and/or extend the existing building to provide a new electrical room. 
 Evaluate the area classification of the building spaces in accordance with NFPA-820 and 

provide/upgrade the ventilation system to provide the required air changes per hour. 
 Replace the lighting system. 
 Replace the fire alarm system. 
 Disconnect and remove the existing paging system.  

 
Should the area occupied by the Solids Processing Building be used as administrative space and the 
main electrical feed continue to enter the facility in its current location, relocation of the switchgear to 
this space will likely be more economical than construction of a new, separate building to house it. 
Given the City’s and PSNH’s desire to relocate the main electrical feed to Peirce Island Road, this 
option has not been included in the building layouts presented.  
 
6.6 Instrumentation 
 
The solids or residual processing includes sludge storage, pumping, chemical addition and dewatering.  
The process controls will be replaced in harmony with the process improvements.  It is anticipated that 
monitoring and control instruments will be needed for: 
 

 Sludge feed to the sludge storage tanks 
 Sludge feed to the dewatering equipment 
 Chemical feed in proportion to sludge feed to dewatering 
 Thickened sludge conveying 

 
The controls will require new primary sensors to monitor tank level and measure sludge flow.  The 
monitoring and control will be located in an environmentally protected area.  
 
In addition to the solids processing equipment, the chemical feed systems have a significant amount of 
instrumentation and control associated with them. To maintain easy to understand controls it is 
recommended to dedicate a pump or pumps to a specific process need rather than have a pump be 
able to dose the same chemical in multiple locations.  Based on past projects we have found that 
pumps that have multiple points of applications add a level of complexity to the process that is not 
necessary.  It is anticipated that the chemical system controls will include storage tank level and 
chemical feed pump flow proportional control.  The operators would be able to access all monitoring 
and control through the control system operator terminals. Because chemicals can be corrosive the 
electrical equipment and the control processors will be ancillary to the chemical storage and feed 
equipment in an environmentally protected area.   
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
6.7 Recommendations 
 
AECOM recommends dismissing Option SB2 - Repurposing the Solids Processing Building as the 
Administration Building based on the qualitative discussion presented above. This option would not 
leave sufficient space for a plant water system or a central heat plant and would require that a 
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significant amount of administrative functions occur in the basement of the existing Solids Processing 
Building which is not tall enough to support these functions. 
 
The remaining two options for consideration are rehabilitation of the Solids Processing Building for 
continued use as a Solids Processing Building and demolition of the Solids Processing Building and 
construction of a new Administration Building in its place. Conceptual layouts of these alternatives are 
presented in Appendix E. The rehabilitated Solids Processing Building looks much the same with the 
exception of an additional truck bay. Replacing the Solids Processing Building with the Administration 
Building locates the sodium hypochlorite and bisulfite pumps, the plant water system, building 
mechanical equipment, storage/work space and a truck bay in the basement. The first and second 
stories would contain the administrative space.  
 
Conceptual opinions of cost for the two Solids Processing Building alternatives were developed. These 
estimates do not include the cost of adding on to or retrofitting the Administration Building. The costs 
for work in the Administration Building are included in Section 8.0 below. These costs also do not 
include common elements under both options. For example, the screw presses, plant water system, 
and chemical system upgrades are not included because no matter the option selected, these 
elements will be included in either the existing Solids Processing Building or existing Administration 
Building. 
 
The opinion of cost developed is included in Appendix F and is summarized below. In developing the 
opinions of cost for these alternatives, AECOM has used an Island Construction Premium of 3 percent 
to match work completed under the Phase 2 Initial Piloting tasks.  
 
The total estimated capital cost is a conceptual planning level cost and has been developed based on a 
number of assumptions and may not represent the final project capital cost for the facilities once 
designed.  The final cost could be higher or lower depending on what decisions are made during the 
design phase, how the final facilities are constructed, and when the final facilities are constructed. The 
preliminary opinion of capital cost is based on 2013 costs and has been escalated to the estimated 
mid-point of construction of April 2016. 
 
Table 4 below displays the capital cost estimates for the two alternatives. 
 

Table 4. Capital Cost Comparison of Solids Processing Building Alternatives 

Alternative Estimated Cost ($MM) 
Option SB1 - Rehabilitation of Solids Processing Building $3.75 
Option SB3 - Demolition of Solids Processing Building $6.25 

1. Does not include costs associated with the Administration Building. 
 
Qualitative considerations should also be taken into account in addition to the cost differences between 
the two alternatives. These considerations are summarized in Table 5. 
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Table 5. Advantages/Disadvantages of Solids Processing Building Alternatives 

Alternative Advantages Disadvantages 
Option SB1 - Rehabilitation of 
Solids Processing Building 

 Reuses existing structure.   Eliminates access road 
ringing the site. 

 Requires temporary 
dewatering. 

 Difficult to accommodate 
need for second truck bay.

 May require additional 
structural reinforcement.  

 Major retrofit needed to 
meet current needs. 

Option SB3 - Demolition of 
Solids Processing Building 

 Eliminates groundwater 
leakage. 

 Decreases building heat 
requirements. 

 Moves solids processing to 
a central location. 

 Eliminates concerns with 
basement height. 

 Requires temporary 
administrative, laboratory, 
and locker room space. 

 Greater disruption on site 
due to need to construct 
new Solids Processing 
Building. 

 

 
The decision to rehabilitate or demolish the Solids Processing Building must also consider the 
Administration Building. The analysis for this structure is included in Section 8.0 below and includes 
AECOM’s recommendation regarding these two buildings. 
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7.0 CHEMICAL STORAGE  
 
This section summarizes the status of the existing hypochlorite and sodium bisulfite storage and feed 
facilities by discipline and offers recommendations for needed improvements. 
 
7.1 Architectural 
 
These areas of the facility do not require any architectural modifications. 
 
7.2 Structural 
 
There is limited concrete corrosion in the bisulfite tank bay. The extent of this corrosion will be further 
evaluated during design. AECOM recommends repair of this concrete where needed. 
 
7.3 Process Mechanical 
 
The existing Sodium Hypochlorite and Sodium Bisulfite storage facility consists of storage tanks in 
containment areas (with roof coverage) just outside the Solids Processing Building. The two 
hypochlorite tanks are relatively new while the bisulfite tank is original to the 1980’s upgrade. AECOM 
recommends re-using the hypochlorite tanks until such time as they need replacement and replacing 
the bisulfite tank as part of the current upgrade project.  
 
7.4 Building Services 
 
These areas of the facility do not require any building services modifications. 
 
7.5 Electrical 
 
There is little electrical work associated with the chemical storage tanks. Any process equipment or 
safety upgrades in this area will be supported with a new electrical system.  
 
7.6 Instrumentation 
 
AECOM recommends replacing the instrumentation in the chemical storage area. Although it may still 
be operational, instrumentation in a chemical storage area has a shorter than normal lifespan due to 
the corrosive environment and having the integrator customize their programming for existing 
instrumentation often costs more than a new instrument. Anticipated instruments in this area include 
sump alarms, tank level sensors, and sump pump availability.  
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
7.7 Recommendations 
 
Replacement of the sodium bisulfite tank, associated electrical and instrumentation upgrades, and as-
needed structural repairs are recommended.  
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8.0 ADMINISTRATION BUILDING 
 
This section summarizes the status of the existing Administration Building by discipline, evaluates its 
use as a Solids Processing Facility, and offers recommendations for needed improvements. The 
alternatives considered for the Administration Building are: 
 

 Option AB1 - Addition to Administration Building for continued use as Administration Building  
 Option AB2 - Repurposing Administration Building as Solids Processing Building  

 
8.1 Architectural 

 
The Administration Building is a 3,380 square foot, 1 ½ story structure designed in the 1980’s. The 
building is constructed of partially buried, cast-in-place concrete basement level with brick veneer at 
exposed exterior locations. The upper level consists of a steel frame with brick veneer and insulated 
metal stud back-up walls. The roof structure is comprised of concrete filled metal roof deck and steel 
bar joists. The roofing system is made up of 2 inch rigid insulation and a ballasted membrane roof. 
 
Architectural features for each of the potential options for the Administration Building are as follows:  
 

 Option AB1 - Addition to Administration Building for continued use as Administration Building: 
 

o New ADA compliant entrance consisting of either a ramp or wheelchair lift as site 
conditions allow. ADA compliance is required as the administrative space could be 
visited by a handicapped visitor or a handicapped employee could work there. 

o An addition to the West end of the building which would contain new offices, 
Control/SCADA room, Copy/storage and an egress stair which would be connected to 
the lower level. 

o The existing Laboratory and Men’s locker room would be enlarged and an office 
converted into a records center. Increasing the Men’s locker room will require an 
addition on the North side of the building. 

o The basement would also be enlarged under the western addition noted above. This 
could be used as additional garage bays and storage. 

o General improvements including new insulated roof, insulated exterior doors and 
windows, renovated women’s room, ADA improvements and HVAC improvements 

 
 Option AB2 - Repurposing Administration Building as Solids Processing Building: 

 
o Because the upper level of the existing Administration Building is constructed of light 

steel framing and metal stud back-up walls, the upper level would be removed and 
reconstructed to house the solids processing equipment and appurtenances. Proposed 
construction would be more robust, consisting of a cast-in-place concrete frame with 
brick and CMU walls. This type of construction would withstand the corrosive interior 
environment created by solids processing. The building size would most likely remain 
the same. The basement truck ways would be converted to solids container storage. 

 
All new construction would be energy efficient and require minimal maintenance. The roof would be 
well insulated and receive a highly reflective “cool” roof membrane. New thermally efficient doors and 
windows, improved HVAC systems, and low V.O.C. paints and sealants would be employed. 
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8.2 Structural 
 
The Administration Building is a two story steel frame building with masonry infill constructed in 1992-
1993.  The roof is steel deck with concrete supported by bar joists. The lower level is all concrete walls.  
The upper level structural system could not be observed because it was concealed behind the 
finishing.  There is a monorail in the basement, supported by the upper floor, with two hoists.  One of 
the hoists no longer functions.  It is desired that by the plant staff the monorail be extended into the 
adjacent truck way. 
  
Structural features for each of the potential options for the Administration Building are as follows:  

 
 Option AB1 - Addition to Administration Building for continued use as Administration Building: 

 
o This option would require expansion of the building to provide additional space on 

both the first floor and the basement.  The structure would consist of a concrete base 
slab and walls below grade and a masonry bearing wall system supporting a steel 
deck and bar joist roof framing system.  

 
 Option AB2 - Repurposing the Administration Building as Solids Processing Building 

 
o This option would require the investigation of the existing first floor to determine the 

capacity to support new dewatering equipment.  Should the floor be unable to 
support the equipment as it is, a shoring or supplemental support system would be 
provided in the basement to independently carry the equipment loads.  The first floor 
would need to be gutted and containment curbing installed around the dewatering 
equipment and any chemical areas to be located within the structure.  

 
The Sludge Holding Tanks are attached to the Administration Building.  The tanks exhibit classic 
curved corner cracks in the roof slab at each corner.  There are also other cracks in the roof running 
across the short dimension of the structure. These cracks are cosmetic and do not indicate a structural 
concern. An inspection of the inside of the tanks was not completed since the tanks are in use, but 
should be in the future to assess if any concrete repair is necessary. The cracks noted and expected 
level of corrosion inside the tank does not limit the use of these tanks over the next 20 years. AECOM 
recommends grouting the cracks and undertaking any concrete repair necessary on the inside of the 
tanks.  
 
8.3 Process Mechanical 
 
The existing Administration Building houses the primary sludge and scum pumps in the basement. 
There are two types of sludge pumps (plunger and centrifugal). Both sets of sludge pumps should be 
replaced due to their wear and age at the time the upgrade will be completed. The plant has added a 
grinder in one of the sludge pump suction lines and a second grinder should be added along with a 
bypass as part of the upgrade. The scum pumps appeared to be in good working order and should 
remain as they are not run frequently. 

 
There are two monorail cranes and a track switch serving the pump area, the rails and switch can be 
reused, however the monorail hoists themselves should be replaced with the appropriate capacity and 
wire length. 

 
The sludge holding tank blowers should be replaced due to their age. However, the piping to the tanks 
can be reused. Although they were not visible, it is suspected that the header and diffusers in the 
sludge tanks should be replaced due to the conditions of their service. 
 
Currently there are two sludge holding tanks which will continue to be used but could be consolidated 
into one tank if necessary. 
 
Process mechanical features for each of the potential options for the Administration Building are as 
follows:  
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 Option AB1 - Addition to Administration Building for continued use as Administration Building: 

 
This alternative would not change the process functions in the basement. The primary sludge, 
scum and sludge holding tank blowers would remain. 

 
 Option AB2 - Repurposing the Administration Building as Solids Processing Building 

 
One option under consideration is repurposing Administration Building as the Solids 
Processing Building. This would involve locating the dewatering equipment (sludge screw 
presses) upstairs over the existing truck bays. The sludge would drop through new openings in 
the floor to a distribution conveyor over the containers located in the truck ways. The polymer 
and permanganate systems would need to be located in the Administration Building as well.  
 
The primary sludge, scum and sludge holding tank blowers would continue to be located in the 
basement of this building. 
 
It may be possible to attach the Secondary Influent Pump Station to this structure if the solids 
processing functions were to be relocated here. This option could be looked at further in the 
future if the decision is made to relocate the solids processing function. 

 
8.4 Building Services 
 
Heat in the Administration Building is provided via a fuel oil boiler that is served by a 2,500 gallon 
buried tank. Temporary portable electric heaters are used in the winter to provide supplemental heat. 
Exhaust-only ventilation serves electrical room and bathrooms.  The MCC Room is served by an 
electric unit heater and heat relief ventilation. 
 
In the building’s Lab there is a fume hood, emergency eyewash/shower, window A/C unit, and an 
original packaged terminal air conditioning (PTAC) unit.  Make-up air provisions for the fume hood were 
not observed.  Space temperature set points cannot be maintained so new ductless split heat pumps 
will be installed shortly. 
 
The basement contains a 2” City water entrance from the Grit Building with a backflow preventer and 
meter, hot water unit heaters, the oil-fired hot water boiler, and an electric hot water heater.  The 
ventilation systems consist of exhaust fans and ducted make-up air. 
 
There is no sprinkler coverage in the building. The fire alarm system consists of a pull station in the 
front entry only. 
 
Odor control exhaust serves the Sludge Tanks through a dedicated fan, which are attached to the 
building. Section 10.0 includes a more detailed discussion of odor control throughout the plant site. 
 
Plant staff report that the electric domestic hot water heater does not provide enough flow. Additionally, 
the shower drains leak to the basement below. The original PTAC units with hot water coils no longer 
work (except for one unit in the Lab) and have been replaced with window A/C units. The ventilation 
systems (exhaust fans & ducted make-up air) appear to be non-operational and in poor condition. The 
MCC Room has experienced periodic flooding problems, the electric unit heater is in poor condition, 
and the exhaust ventilation operation is unknown. 
 
The plumbing supply piping, backflow prevention valve assembly, hot water unit heaters, boiler and 
electric hot water heater are in reasonable operating condition. 
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In order to reduce energy use, reduce first costs, simplify systems, and improve functionality and 
durability, AECOM recommends isolating dissimilar functions to minimize volumes that require high 
ventilation rates. Ventilation per NFPA 820 requirements, using on/off controls based on occupancy 
and adjustable rates where allowable should be provided. Heat and air-conditioning should be provided 
to administration spaces and laboratory while possibly only providing mechanical cooling in designated 
electrical rooms. AECOM recommends a dedicated local solar thermal system to serve the emergency 
eyewash/shower. Sprinkler system per NFPA requirements should also be provided. For heating oil, 
AECOM recommends removing the buried fuel oil tank and providing above-ground storage. 
Reconfigure or replace the hot water system as necessary to resolve the low flow issues. For 
personnel showers, on-demand water heaters are attractive because hot water is generated only when 
needed, and when it isn’t needed there are no standby losses like there is when storing hot water. 
AECOM recommends a solar thermal system coupled with propane, oil, WSHP back-up similar to the 
system at the Madbury WTP since the solar thermal can be economically sized to cover approximately 
50% of the annual domestic hot water use. The system for showering and miscellaneous loads such as 
lavatories is likely to be standalone and local to the locker rooms. Lastly, AECOM recommends 
replacing the shower drains. 
 
8.5 Electrical 
 
Motor Control Center MCC-1 is located in the Administration Building electrical room on the first floor. 
The space is very tight in the existing electrical room and there are possible electrical equipment code 
clearance issues. The plant staff have also noted that the electrical room experienced water leakage 
issues during rain storms.  
 
It is recommended that the following actions be undertaken in regards to the existing electrical system 
in the building no matter whether it is the Solids Processing or Administration Building: 
 

 Replace the electrical system in its entirety. 
 Provide extension to the existing building to provide a new electrical room. 
 Evaluate the area classification of the building spaces in accordance with NFPA-820 and 

provide/upgrade the ventilation system to provide the required air changes per hour to un-
classify the spaces. 

 Replace the lighting system. 
 Replace the fire alarm system. 
 Disconnect and remove the existing paging system. 
 Evaluate the existing phone system and upgrade as needed. 
 Evaluate and maintain the existing radio communication system.  

 
8.6 Instrumentation 
 
The Administration Building contains the facility’s control system which is used to monitor and control 
equipment within the plant and the City’s remote pump stations. The Peirce Island process control 
system includes a number of PLC control panels distributed throughout the facility.  The PLC panels 
include the PLC processor I/O (Input/Output Cards), relays and field wiring termination.  The PLCs are 
networked to the control room in the Administration Building.  The control room includes HMI terminals 
and PC based servers. The control room terminals provide monitoring and some control.  Also the 
remote pump stations and the treatment facility at Pease may be viewed with limited supervisory 
control capabilities. It is AECOM’s opinion that the existing control system is reaching the end of its 
useful life and should be replaced in its entirety. The key reasons for this recommendation include: 
 

 Age of the PLCs (no longer supported by the manufacturer) 
 Location in the process areas 
 Corrosion  
 Expanded processing needs 
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The new controls like the current controls will be physically and functionally distributed within the 
process areas.  The new control system will be designed using both hardwired IO and fieldbus IO.  
Fieldbus allows multiple devises to be connected in a daisy chain like network.  Some fieldbus IO that 
may be considered for the detailed design include: 
 

 EtherCAT 
 Foundation Fieldbus 
 Profibus  

 
The IO will be located in an environmentally protected area ancillary to the process equipment or the 
electrical switch gear.  Marshaling cabinets with IO modules will limit wire terminations and help to 
expedite commissioning and testing and provide ease of maintenance and trouble shooting.  
 
The control system will be based on current manufactured processors and IO.  The HMI and 
application software will complement the current SCADA HMI and provide a path to future SCADA 
enhancements such as control of the City’s pump stations.    
 
Based on past designs and input from other end-users there are key points that may be considered 
such as: 
 

 Improve cyber security with the segregation and separation of the operator workstations from 
process servers.  

 Improve system maintenance and security with thin client technology 
 Provide a security wall with a real-time historian to separate business applications from 

process control.  
 Evaluate business applications for asset management, maintenance management and 

laboratory information. 
 
A conceptual view of the future controls system is provided below: 
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Figure 1: Conceptual View of Future Control System 

 
 
A general discussion of the types of instruments suggested and the process control system is included 
later in this memo in Section 10. 
 
8.7 Recommendations 
 
The two options under consideration for the Administration Building include adding on to the 
Administration Building for continued use as Administration Building or repurposing the Administration 
Building for use as the Solids Processing Building. Conceptual layouts of these alternatives are 
presented in Appendix E. For continued use as the Administration Building, an addition to the west has 
been added that includes the new laboratory and office space. The existing Administration Building has 
been re-arranged to include additional locker room, conference room, and storage space. The 
basement has not been modified. If the Administration Building were to be repurposed for solids 
processing, an addition would not be necessary. The basement would stay much the same while the 
existing administrative space would be retrofit to include areas for a small control room and toilet, 
electrical room, permanganate and polymer storage, and dewatering. The two truck bays would be 
used for the sludge containers. 
 
Conceptual opinions of cost for the two Administration Building alternatives were developed. These 
estimates do not include the cost of rehabilitating or demolishing the Solids Processing Building. The 
total costs for work in the Administration Building and Solids Processing Building are included later in 
Table 8. These costs also do not include common elements. For example, the screw presses, plant 
water system, and chemical system upgrades are not included because no matter the option selected, 
these elements will be included in either the existing Solids Processing Building or existing 
Administration Building. 
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The opinion of cost developed is included in Appendix F and is summarized below. In developing the 
opinions of cost for these alternatives, AECOM has used an Island Construction Premium of 3 percent 
to match work completed under the Phase 2 Initial Piloting tasks.  
 
The total estimated capital cost is a conceptual planning level cost and has been developed based on a 
number of assumptions and may not represent the final project capital cost for the facilities once 
designed.  The final cost could be higher or lower depending on what decisions are made during the 
design phase, how the final facilities are constructed, and when the final facilities are constructed. The 
preliminary opinion of capital cost is based on 2013 costs and has been escalated to the estimated 
mid-point of construction of April 2016. 
 
Table 6 below displays the capital cost estimates for the two alternatives. 
 

Table 6. Capital Cost Comparison of Administration Building Alternatives 

Alternative Estimated Cost ($MM) 
Option AB1 - Addition to Administration Building $3.6 
Option AB2 - Repurposing of Administration Building $3.25 

1. Does not include costs associated with the Solids Processing Building. 
 
Qualitative considerations should also be taken into account in addition to the cost differences between 
the two alternatives. These considerations are summarized in Table 7. 
 

Table 7. Advantages/Disadvantages of Administration Building Alternatives 

Alternative Advantages Disadvantages 
Option AB1 - Addition to 
Administration Building 

 Reuses existing structure. 
 Maximizes vehicle 

storage. 

 Requires extensive retrofit 
to meet current code. 

 Requires temporary 
dewatering. 

 Requires relocation of the 
supplemental carbon 
storage and feed system. 

Option AB2 - Repurposing of 
Administration Building 

 Centralizes sludge 
handling and storage 
thereby minimizing sludge 
pumping. 

 Makes use of two existing 
truck bays. 
 

 Requires temporary 
administrative, laboratory, 
and locker room space. 

 Requires complete 
demolition of existing 
administrative space. 

 May require additional 
structural reinforcement. 

 Limited access for delivery 
of chemicals. 

 
These alternatives are linked to the alternatives under consideration for the Solids Processing Building 
and cannot be fully evaluated alone. Due to the lack of available space on site, an addition to the 
Administration Building requires that the solids processing functions stays where they are and, 
conversely, repurposing the Administration Building for solids processing requires that the Solids 
Processing Building be demolished and replaced with a new Administration Building. Table 8 below 
sums the capital cost estimates developed for both the Solids Processing Building and Administration 
Building to allow for a side-by-side comparison. It is important to note that these costs do not include 
common elements. For example, the screw presses, plant water system, and chemical system 
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upgrades are not included because no matter the option selected, these elements will be included in 
either the existing Solids Processing Building or existing Administration Building. 
 

Table 8. Capital Cost Comparison of Site Alternatives 

Alternative Estimated Cost ($MM) 
Option SB1 - Rehabilitation of the Solids Processing Building & Option 
AB1 - Addition to the Administration Building 

$7.35 

Option SB3 - Demolition of the Solids Processing Building & Option AB2 
- Repurposing of the Administration Building 

$9.5 

 
Not surprisingly, rehabilitation rather than demolition of the Solids Processing Building has the lower 
estimated cost. However, there are qualitative reasons why demolition may be a more advantageous 
option such as the ability to maintain the existing ring road around the facility, temporary administrative 
space is much less disruptive during construction than temporary dewatering equipment, and new 
construction would be much more energy efficient than the existing construction.   
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9.0 FILTER BUILDING 
 
This section summarizes the status of the existing Filter Building by discipline. 
 
9.1 Architectural 
 
These areas of the facility do not require any architectural modifications. 
 
9.2 Structural 
 
This building is in excellent condition, but is scheduled for demolition to permit construction of the new 
BAF facility.  It may be possible to use the buried portions of the structure to provide the excavation 
necessary for the BAF structure and backfill inside the existing foundation walls after the BAF facility is 
constructed.  This would save extensive demolition and disposal of the existing foundation walls.  
 
9.3 Process Mechanical 
 
These areas of the facility do not require any process mechanical modifications. The existing 
equipment in the Filter Building has been abandoned for at least 10 years and non-operational. This 
equipment is not reusable. 
 
9.4 Building Services 
 
The existing equipment in the Filter Building includes a backflow preventer on the water service, hot 
water unit heaters, electric unit heaters, ventilation systems and dehumidifiers. The fuel oil for the Filter 
Building boiler is stored in a buried 4,500 gallon storage tank.  
 
The existing equipment in the Filter Building has been abandoned for at least 10 years and non-
operational. This equipment is not reusable. The existing fuel oil tank should be removed. 
 
9.5 Electrical 
 
The main electrical distribution system is housed in this building. The system consists of 1200 amps, 
480 VAC, 3 phase, 4 wire main switchboard (SWBD) located in electrical room. The SWBD is a 
Westinghouse Pow-L Line C Style dated 09/1990, model no. BS39001. The SWBD main breaker is 
Westinghouse type SPB100, electrically operated breaker with Digitrip 500 trip unit. The SWBD is 
provided with four feeder breakers, each is feeding one MCC at the plant. One 400 amps breaker is 
feeding MCC-1 (Administration Building), one 400 amps breaker is feeding MCC-2 (Grit Building), one 
400 amps breaker is feeding MCC-3 (Sludge Handling Building) and one 800 amps breaker is feeding 
MCC-8 (Filter Building). The SWBD is provided with Automatic Transfer Switch (ATS) that is connected 
to a 600 KW standby diesel generator. The diesel generator is located in the filter building in a separate 
generator room. The generator is Caterpillar type 3412. The filter building has two MCCs; MCC-8 and 
MCC-8A. The MCCs are located in the electrical room with the main SWBD.  
 
The Filter Building will be demolished as a part of facility upgrades and the existing plant main electrical 
distribution system cannot remain at this location. A new plant main electrical distribution system 
should be provided in a new electrical building. The new electrical building should be located near 
electrical utility transformer. In order to keep the plant in operation during construction, demolishing the 
existing electrical system at the filter building could not occur until the new electrical system is installed 
or other means of temporary power could be provided.   
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Appendix G Wastewater Pumping Evaluation 
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Appendix H Process and Design Flow Refinement 
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Appendix I Odor Control Evaluation 
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Appendix J Preliminary Building Layouts 
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Appendix K Transport of Construction Materials by Barge 
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Appendix L Construction Staging Areas 
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Appendix M Consideration of Sustainable Elements 
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Appendix N Staffing Evaluation 
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