











Annual cleaning of the aeration towers
Annual cleaning of tanks

Instrument calibration

Pump maintenance

Maintenance of chemical dosing pumps
Greasing motors

Painting

General facility cleaning and maintenance

SEA expects that the costs to maintain a conventional treatment facility to be less than a similarly
sized membrane water treatment facility. This is because that the conventional facility has less
complex equipment that will need to be maintained, serviced, and repaired.

Sand filters can lose media during normal operation. Over time media can be replaced to meet
original specifications. Approximately 5% to 7% of media is lost each year and once media loss
exceeds 20%, it could impact water quality. Therefore media replacement could occur every 3 to 4
years. Both the labor time required and cost of materials to replace media is relatively low and
estimated to be approximately $20,000 per event (2006 dollars). The Town should budget for media
replacement in its operating budget.

5.2.2 Membrane Filtration (Siemens and Zenon)

Due to the automated nature of the membrane facility, maintenance tasks associated with the
membrane process are also expected to be different than from a conventional water facility.
Maintenance and repairs at membrane facilities tend to focus on controls and instrumentation since
so many of the systems are automated. As such, facility maintenance staff would need to be
proficient in working with computer-based instrumentation and controls.

Day to day maintenance will likely include isolating and pin repairs of leaking membrane fibers,
automatic valve and actuator maintenance and repairs, instrumentation faults and troubleshooting,
and computer and PLC faults and troubleshooting. However, maintenance tasks more commonly
associated with drinking water facilities will still need to be done. These include:
¢ Annual cleaning of the aeration towers
Annual cleaning of process tanks
Instrument calibration
Pump maintenance
Maintenance of chemical dosing pumps
Greasing motors
Painting
General facility cleaning and maintenance

S E A expects that the costs to maintain a membrane treatment facility would be higher than a
similarly sized conventional water facility.

One other substantial maintenance task associated with the membrane treatment process is periodic
membrane replacement. According to the manufacturers, the membranes are expected to last for
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seven to ten years. Therefore, at periodic intervals within the design life of the treatment facility, the
membranes will need to be changed. While the labor time required to replace a membrane is
relatively short, the costs to purchase the membranes are significant. SEA is assuming a membrane
replacement cost of approximately $200,000 (2006 dollars) to be incurred in ten years to replace all
of the membranes. If the membrane process is selected, the Town should budget for this investment
so that money is available when it is time to replace the membranes.

53 Site Visits

Site visits were conducted at water treatment facilities that operate using similar treatment processes
evaluated during the pilot study. The visits were performed to obtain information and interview
operators to further help the evaluation and selection of the preferred treatment process.

Site visits were conducted at the following facilities:
» Essex, MA Conventional Water Treatment Facility
» Albany — Millersburg Water Treatment facility, Siemens Membrane Technology
+ North Clackamas Water Treatment Facility, Siemens Membrane Technology
» Collinwood, Ontario Water Treatment Facility, Zenon Membrane Technology
» Port Hope, Ontario Water Treatment Facility, Zenon Membrane Technology

Detailed facility information for each facility is summarized in site visit memos located in
Appendix 1.
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6. Costs and Net Present Value Analysis

The following section provides information on capital costs and operating costs for the proposed water
treatment facility at the Birch Road Well Site. It also provides a calculation of Net Present Value for each
of the alternatives to provide a method to compare the overall life-cycle costs of the alternatives.

6.1 Capital Costs

Based on the assumptions provided in the previous chapters, S E A has developed an estimate of probable
construction costs for each of alternative, which are summarized in tables in the following sections. The
costs in these tables are based on a number of assumptions and may not represent those costs for the final
facility. Some of the facility costs not analyzed within this study are summarized in Section 6.1.4.

All costs at this stage of the evaluation are preliminary and for comparison only. Capital costs could be
higher or lower depending on what decisions are made during the design phase and how the final facility
is constructed. For example, the costs for the membrane facilities include an expensive, dedicated
backwash treatment unit. During detailed design, this unit could be replaced with a different technology
or a simple decant recycle system, which would reduce the capital costs. '

Further, the construction costs for the membrane equipment are directly from the manufacturers.
Differences between the manufacturer costs could be magnified due to different assumptions or levels of
service. A competitive bid situation with detailed technical specifications will provide amore thorough
cost comparison for the equipment.

6.1.1 Conventional

The costs for the water treatment facility based on conventional treatment as described in Section 3 are
summarized in Table 6.1.
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Opinion of Probable Construction Costs for the Conventional Facility

6.1.2 Siémens

Table 6.1

Cost Item

Opinion on Probable

Capital Cost
Central Treatment Process $2,700,000
Disinfection Process $300,000
Pumping Systems $1,200,000
Backwash Handling Process $600,000
Chemical Feed Systems $300,000
Ancillary Costs .$800,000
Building Costs $5,100,000
Electrical Costs $1,000,000
Total of Above Sub Categories $12,000,000
Contractor Overhead and Profit (15%) $1,800,000
Contingency (20%) $2,800,000
TOTAL PROBABLE COST $16,600,000

The costs for the water treatment facility based on membrane equipment supplied by Siemens are
summarized in Table 6.2.

Opinion of Probable Construction Costs for the Siemens Membrane Facility

Table 6.2

Opinion on Probable

Cost Item Capital Cost
Central Treatment Process $3,900,000
Disinfection Process $300,000
Pumping Systems $1,200,000
Backwash Handling Process $1,100,000
Chemical Feed Systems $300,000 -
Ancillary Costs $1,700,000
Building Costs $3,700,000
Electrical Costs $1,000,000
Total of Above Sub Categories $13,200,000
Contractor Overhead and Profit (15%) $2,000,000 .
Contingency (20%) ’ $3,000,000
TOTAL PROBABLE COST $18,200,000

I\_CLIENTS\FRAMINGHAM MA\2004194.23A - BIRCH ROAD BASIS OF DESIGN\REPORTS\PROCESS EVAL REPORT DRAFT 2.DOC

2004194,23-A

6-2



6.1.3 Zenon

The costs for the water treatment facility based on membrane equipment- supplied by Zenon are
summarized in Table 6.3.

Table 6.3
Opinion of Probable Construction Costs for the Zenon Membrane Facility

Opinion on Probable
Cost Item i Capital Cost

Central Treatment Process $4,400,000
Disinfection Process $300,000
Pumping Systems $1,200,000
Backwash Handling Process $1,100,000
Chemical Feed Systems $300,000
Ancillary Costs $1,700,000
Building Costs $3,700,000
Electrical Costs $1,000,000
Total of Above Sub Categories $13,700,000
Contractor Overhead and Profit (15%) $2,100,000
Contingency (20%) . $3,200,000
TOTAL PROBABLE COST $19,000,000

6.1.4 Facility Capital Costs Not Evaluated

The following costs were not fully evaluated and have not been included in the preceding tables.

Site Access and Site Work Costs

Site work costs such as access roads, paving, landscaping, and fencing can not be fully evaluated until a
site location has been decided upon. In the cost tables above, an allowance of $500,000 was carried for
consistency with prior cost estimates provided to the Town.

Costs for Office, Non-Facility Staff Support, and Garage Space

. No costs were included for office space or to support employees not directly associated with treatment
facility operations (such as conference rooms, lunch rooms, large locker rooms, or a maintenance room).
Similarly, the cost tables do not include any provisions for a garage, truck storage or maintenance, or
covered parking. The proposed building does include a control room, small locker rooms, and a small
laboratory as required to support facility operations only. When the extent of office or garage space
required is better clarified with the Town, these costs can be estimated.
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Non-Process SCADA Costs

An allowance for a central SCADA system to monitor the treatment facility process was included in the
tables above. However, no allowances were included for expanded town-wide SCADA such as remote
control stations, monitoring of storage tanks, extensive security measures and monitoring, redundant
processors, or other such systems were included. When the extent of SCADA desired is better clarified
with the Town, these costs can be estimated. ‘

Engineering and Permitting Costs

The tables do not include estimated costs for permitting or engineering. The Town has been apprised of
these costs in other documents prepared for them.

6.2 Operating Costs

Based on the assumptions provided in the previous chapters, S E A also developed an opinion of probable -
annual operating costs for each of alternative, which are summarized in tables in the following sections.
The costs in these tables are centered on the operating costs to operate the process and do not include all
operating costs. The operating costs not included in this table are summarized in Section 6.2.4.

All costs at this stage of the evaluation are preliminary and for comparison only. Operating costs could be
higher or lower depending on what decisions are made during the design phase and how the final facility
is constructed. For example, the operating costs include chemical costs for potassium hydroxide and
potassium permanganate required to oxidize the iron and manganese. The actual chemical doses are
expected to decrease once the impact of aeration on dose rates can be verified.

Further, the operating costs for the membrane equipment are directly from the manufacturers.
Differences between the manufacturer operating costs could be magnified due to different assumptions. A
competitive bid situation with detailed technical specifications would prov1de a more thorough life-cycle
cost comparison of the equipment.

6.2.1 Conventional

The annual costs to operate the process elements of a water treatment facility based on the conventional
treatment process described in Section 3 are summarized in Table 6.4.
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Table 6.4 o

Opinion of Probable Process Operating Costs for the Conventional Treatment Facility

Opinion on Probable

COST

Cost Item Summary of Cost Item Annual Cost

Estimated power costs for primary process

Power Costs equipment. Assumes a rate of $0.15/kwh. $450,000

Chemical Usage Estlmgted chemical usage for facility $790,000
operations
Equipment maintenance budget of 2% of

Equipment Maintenance Costs process equipment cost and media $100,000
replacement.

. . Estimated costs for process residuals
Residuals Disposal Costs disposal to the sewer based on MWRA rates. $60,000
TOTAL PROCESS OPERATING $1,400,000

6.2.2 Sieme_ns ‘

The annual costs to operate the process elements of a water treatment facility based on membrane
equipment supplied by Siemens are summarized in Table 6.5.

Table 6.5

Opinion of Probable Process Operating Costs for the Siemens Membrane Facility

Cost Item

Summary of Cost Item

Opinion on Probable
Annual Cost

Estimated power costs for primary process

COST

Power Costs equipment. Assumes a rate of $0.15/kwh. $400,000
Chemical Usage Estlme}ted chemical usage for both facﬂlty $780,000
operations and for membrane cleaning.
: - - =
Equipment Maintenance Costs Equipment rpamtenance budget of 2% of $140,000
process equipment cost.
Membrane Replacement Costs Annua} membrane replaceme.nt budget $80,000
assuming 7 year membrane life.
. . Estimated costs for process residuals
Residuals Disposal Costs disposal to the sewer based on MWRA rates. $70,000
TOTAL PROCESS OPERATING $1,470,000
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6.2.3 Zenon

The annual costs to operate the process elements of a water treatment facility based on membrane
equipment supplied by Zenon are summarized in Table 6.6.

Table 6.6

Opinion of Probable Process Operating Costs for the Zenon Membrane Facility .

Cost Item

Summai'y of Cost Item

Opinion on Probable
Annual Cost

Estimated power costs for primary process

COST

Power Costs equipment. Assumes a rate of $0.15/kwh. $410,000
Chemical Usage Est1ma}ted chemical usage for both fac111ty $730,000
operations and for membrane cleaning.
- : =
Equipment Maintenance Costs Equipment malntenance budget of Z,A’ of $150,000
process equipment cost.
Membrane Replacement Costs Annua.I membrane replaceme_nt budget $80,000
assuming 7 year membrane life.
. . Estimated costs for process residuals
Residuals Dlspo§a1 Costs disposal to the sewer based on MWRA rates. $80,000
TOTAL PROCESS OPERATING $1.450,000

6.2.4 ‘Facility Operating Costs Not Evaluated

The following costs were not fully evaluated and have not been included in the preceding cost tables.

Staffing

Costs for staffing have not fully been evaluated and were not incorporated into the evaluation. In general,
it is expected that the two membrane filtration facilities will have identical staffing levels. The
conventional facility may require a slightly higher staffing level due to the additional manual processes.

Facility Heat and Utilities

No costs for general utilities such as telephone service and facility heat have been included. Power costs
for the treatment process have been assessed, as well as costs for residuals disposal in the sewer. Utilities
and heating costs are not expected to vary significantly with the treatment process.
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6.3 Net Present Value Costs Cbmparison

A Net Present Value analysis allows options with varying capital and operating costs to be compared. In
this analysis, the operating costs for a number of years are converted to a net present value basis, and then

added to the capital cost.

S E A calculated the Net Present Value using our estimates of probable construction costs and operating
costs displayed in the previous sections. For our calculations, S E A assumed a study period of 20 years
and we used a discount rate of 6%. The results of the Net Present Value calculations are summarized in

Table 6.7.

Tabie 6.7
Net Present Value Calculation for the Birch Road Well Site Water Treatment Facility Alternatives

Conventional

Cost Item Siemens Zenon
Opinion of Probable Construction Costs $18,200,000 | $19,000,000 [ $16,600,000
Opinion of Probable Annual Operating Costs $1,470,000 $1,450,000 $1,400,000
Present Value of Twenty Years of Amnnual
Operating Costs (6% discount rate) $17,000,000 | $17,000,000 $16,000,000
NET PRESENT VALUE $35,200,000 | $36,000,000 | $32,600,000
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Appendix G
Draft Project Schedule

BIRCH ROAD WELLS DRAFT EIR
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ID ID Task Name Duration Start Finish %  redecessor: 2009
Complete Feb '09 Mar'09 | Apr'09 | May'09 | Jun'09 | Ju'09 | Aug'09 | Sep'09 | Oct'09 Nov'09 | Dec'09 Jan'10 | Feb'10
1]81522/ 1| 8[15]22/29] 5 [12[19126] 3 [10/17(24[31] 7 |14]21[28] 5 [12/19]26] 2 | 9 [16]23/30] 6 [13[20/27] 4 [11]18[25] 1 | 8 [15/22/29] 6 [13]20[27] 3 [10[17]24[31] 7 [14/21]
1 1 Birch Road Water Treatment Facility Design 348 days Mon 10/20/08 Wed 2/17/10 0%
2 2 Project Award 1day Mon10/20/08 Mon 10/20/08 100%
3 3 Contract Negotiations 40 days Tue 10/21/08 Mon 12/15/08 100% 2
4 4 Design Charette 1day Mon 10/27/08 Mon 10/27/08 100% 2
5 5 Treatment Technology Selection 40 days Tue 10/28/08 Mon 12/22/08 100% 4
6 6 Procurement Decision-Making 30days Tue 12/23/08 Mon 2/2/09 100% 58
7 7 Membrane Procurement 25days Thu 2/19/09 Wed 3/25/09 0% 7]
11 11 Develop RFP Documents 147 days  Thu 3/19/09 Fri 10/9/09 0% 9
12 12 Submit Draft RFP Documents to SEA Cons. 2days  Thu 3/19/09 Fri 3/20/09 100% & 3/19
13 13 Framingham review period 26 days Fri 5/1/09 Fri 6/5/09 95%
14 14 Framingham provides comments on first dra 0 days Fri 6/5/09 Fri 6/5/09 50% 13
15 15 Incorporate Framingham's comments 5 days Mon 6/8/09 Fri 6/12/09 0% 14
16 16 Submit final draft to Framingham for Review lday Mon6/15/09 Mon®6/15/09 0% 15
17 17 Framingham final review of RFP 2days Tue 6/16/09 Wed 6/17/09 0% 16
18 18 Framingham submits advertisement to Centr lday Thu6/18/09  Thu6/18/09 0% 17
19 19 Final RFP document production 2 days Fri 6/19/09 Mon 6/22/09 0% 18
20 20 RFP advertised in Central Register and Avai lday Tue6/23/09 Tue 6/23/09 0% 19
21 21 Bid Phase for membrane procurment 15days Wed 6/24/09  Tue 7/14/09 0% 20
22 22 Optional pre-proposal meeting lday Wed7/1/09 Wed?7/1/09 0% 1SS+5 days
23 23 Receive bids from Membrane Vendors lday Wed 7/15/09 Wed 7/15/09 0% 21
24 24 Review and evaluate technical (non-cost) prc 3days Thu7/16/09 Mon7/20/09 0% 23
25 25 Workshop #2 with Framingham to discuss of lday Tue7/21/09 Tue 7/21/09 0% 24
26 26 Open evaluate and rank cost proposals 2days Wed7/22/09 Thu7/23/09 0% 25
27 27 Final ranking of proposals 1 day Fri 7/24/09 Fri 7/24/09 0% 26
28 28 Issue membrane contract notice of award lday Mon7/27/09 Mon7/27/09 0% 27
29 29 Contract execution period 5days  Tue 7/28/09 Mon 8/3/09 0% 28
30 30 Membrane contract notice to proceed 1 day Tue 8/4/09 Tue 8/4/09 0% 29
31 31 Selected membrane system shop drawings ( lday Wed 8/26/09 Wed 8/26/09 0% )FS+15 days 1
32 32 Selected membrane system shop drawings ( 1 day Fri 10/9/09 Fri 10/9/09 0% .FS+31 days QfO/Q
33 33 MassDEP Review 30days Mon 10/12/09  Fri 11/20/09 0% 32
34 34 Respond to MassDEP Comments 10 days Mon 11/23/09 Fri 12/4/09 0% 33
35 35 Biddable Plans and Specifications Available Odays  Fri12/11/09  Fri12/11/09 0% }4FS+5 days
36 36 Bidding Phase 48 days Mon 12/14/09 Wed 2/17/10 0% 35
37 37 Advertisement 10days Mon 12/14/09  Fri 12/25/09 0% 35
38 38 Bidding Period 25 days Mon 12/28/09 Fri 1/29/10 0% 37
39 39 Pre-Bid Conference Odays Wed1/6/10 Wed 1/6/10 0% 8SS+5 days
40 40 Bids Due 0 days Fri 1/29/10 Fri 1/29/10 0% 38
41 41 Evaluation of Bids 10 days Mon 2/1/10 Fri 2/12/10 0% 40
42 42 Recommendation to Award 0 days Fri 2/12/10 Fri 2/12/10 0% 41
43 43 Contract Negotiations 2days Mon2/15/10 Tue 2/16/10 0% 42
44 44 Obtain Signatures lday Wed?2/17/10 Wed 2/17/10 0% 43
Project: ] Task (... 1 Progress ee==—====  Summary == ExternalTasks (1 split ok
Date: Mon 6/15/09 Split —— MlileStone & Project Summary TR0  External MileTask <*
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