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BACKGROUND

The Madison Water Utility (MWU) is developing a comprehensive plan to provide a reliable
supply of high quality water cost effectively to the City’s Zone 6 - East Service Area. The Zone
6 - East Service Area is served by five wells including Unit Well Nos. 7, 8, 11, 15, and 29.
This memorandum addresses water quality issues at Unit Well No. 15. Unit Well No. 15 is
exhibiting concentrations of the regulated Volatile Organic Compound (VOC),
tetrachloroethylene (PCE), that are steadily approaching the Maximum Contaminant Level
(MCL) of 5 micrograms per liter (µg/L). In addition, detectable levels of trichloroethylene (TCE)
are present in the water supply from Unit Well No. 15.
The primary objective of this memorandum is to evaluate available treatment options for the
removal of the VOCs present in the water from Unit Well No. 15 and to make recommendations
to the MWU as to the most cost-effective treatment approach for Unit Well No. 15. This
memorandum also provides a facility condition assessment for Unit Well No. 15.

2.

DESCRIPTION OF UNIT WELL NO. 15

Unit Well No. 15 is located in a commercial setting east of the Madison Area Technical College
along Highway 151, as shown in Figure 1, an aerial photograph of the Well No. 15 site and
surrounding area.
Unit Well No. 15, which is housed within a masonry block/brick building, has a production
capacity of 2,200 gallons per minute (gpm). The well is operated continuously at its rated
capacity. Chlorine and fluoride (hydrofluosilicic acid) are fed to the well pump discharge which
is conveyed to a below-grade 0.15 MGD cast-in-place concrete reservoir. A constant speed
vertical diffusion vane pumping unit conveys the water from the reservoir directly to the
distribution system.

3.

FACILITY CONDITION ASSESSMENT

A comprehensive facility condition assessment of water supply, treatment, and distribution
facilities was conducted in 2005. The MWU’s Infrastructure Management Plan, dated
November 2005, presents the results of the condition assessment and recommendations for
facility improvements. In general, Unit Well No. 15 was in good condition. Recommended
improvements included the replacement of the asphalt drive and parking lot and replacement of
the access doors.
A facility inspection was conducted in June 2010. Construction of a new asphalt drive and
parking lot was completed. The building access doors should be replaced as recommended in
the 2005 Infrastructure Management Plan. The facility remains in good condition and no
additional facility improvements were identified.
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WATER QUALITY

In general, the water supply from Unit Well No. 15 is of good quality. Parameters of concern,
and their associated concentration ranges for the period of 2008 – 2010, are presented in Table
1.
Table 1. Selected Raw Water Quality Parameters
Parameter
Tetrachloroethylene (PCE)
Trichloroethylene (TCE)
Total Hardness
Iron
Manganese

Concentration Range
3.1 – 3.9 µg/L
0.33 – 0.41 µg/L
406 – 433 mg/L
0.01 – 0.04 mg/L
0.0048 – 0.0128 mg/L

Maximum Contaminant Level
5 µg/L
5 µg/L
0.3 mg/L (Secondary MCL)
0.05 mg/L (Secondary MCL)

The concentration of PCE is steadily approaching the MCL of 5 µg/L and TCE is consistently
detected in the supply. Operational and/or physical modifications to Unit Well No. 15 are
required to lower the PCE and TCE concentrations to levels that are consistently below the
respective MCLs.
The inorganic parameters presented in Table 1, including hardness, iron, and manganese, are
of significance because of their potential to impact the operation and maintenance of the
treatment system by causing deposition on the media and internal structures of the treatment
units. The fouling/plating potential can be reduced with the application of a phosphate-based
sequestering agent that will minimize deposition on the media of the selected treatment system.
However, we understand that the addition of a phosphate based sequestering agent may not be
favorable with the public. If a sequestering agent is not applied upstream of the treatment
system, the frequency in which the media requires cleaning will increase.

5.

REGULATORY CONSIDERATIONS

5.1

Best Available Technology

The U.S. Environmental Protection Agency (EPA) has designated Packed Tower Aeration and
Granular Activated Carbon adsorption as the Best Available Technology (BAT) for the removal
of VOCs from water supplies. Other forms of aeration have been developed since the BAT
designation of the early 1990s. If alternate aeration technologies satisfy established regulatory
criteria, they can be considered suitable for the removal of VOCs from drinking water supplies.
Chapter NR 809 (Safe Drinking Water) of the Wisconsin Department of Natural Resources
(DNR) regulations identifies central treatment using packed tower aeration and granular
activated carbon as the BAT available for achieving compliance with the MCLs for VOCs.
Chapter NR 811, Requirements for the Operation and Design of Community Water Systems,
addresses organics removal in NR 811.48. The requirements for Packed Tower Aerators are
presented in NR 811.48 (1). Of particular significance is the requirement that states “Unless
waived by the department, the processes shall be designed to remove a minimum of 99 percent
of the contaminant in question”. Requirements for the tower, packing, and blowers are specified
in this section of the regulation.
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The requirements for Granular Activated Carbon Filters are presented in NR 811.48 (2). In
addition to specifying a maximum filtration rate of 6 gallons per minute per square foot for GAC
pressure filters, the regulation requires the use of virgin GAC and stipulates design features of
the carbon adsorbers.

5.2

Alternative Treatment Technology

NR 809.24 (3) states that “A public water system owner or operator may use an alternative
treatment if it is demonstrated to the department, using pilot studies or other means, that the
alternative treatment is sufficient to achieve compliance with the MCLs”. It is under this section
of the regulations that the DNR could consider the use of low profile aeration units for the
removal of the VOCs in Unit Well No. 15.

5.3

Emission Thresholds – Aeration Technology

Chapter NR 445, Control of Hazardous Pollutants, applies to all stationary air contaminant
sources which may emit hazardous contaminants. Table A of NR 445.07 specifies the emission
thresholds, standards and control requirements for all sources of hazardous air contaminants.
Presented in Table 2 are the specific requirements that pertain to emissions from aeration units
removing PCE and TCE from drinking water supplies.
Table 2. Emission Thresholds for Sources of Specific Hazardous Air Contaminants
Contaminant
PCE
TCE

Threshold
9.11 pounds/hour
301 pounds/year
14.4 pounds/hour
888 pounds/year

Time Period
24 hour average
Annual
24 hour average
Annual

If the emissions from the aeration units installed at Unit Well No. 15 exceed the thresholds
specified in Table 2, vapor phase treatment would be required to comply with the threshold
values. This will be addressed in detail in the subsequent sections dealing with forced draft
aeration and low profile aeration.

5.4

Future Regulatory Action – Tetrachloroethylene and Trichloroethylene

As part of a regulatory review required by the Safe Drinking Water Act, EPA has indicated its
intention to revise the MCLs for PCE and TCE. Improvements in analytical capability,
widespread occurrence in US groundwaters, and health effects data that indicates both
contaminants are carcinogens, are the factors influencing EPA’s decision.
It is expected that in 2012, EPA will propose an MCL of 1.0 µg/L for both PCE and TCE. The
revised MCLs would likely take effect in either 2014 or 2015. As such, the treatment units
designed for Unit Well No. 15 should include the flexibility to achieve removal efficiencies that
would facilitate compliance with the revised MCLs with minimal equipment modifications.
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SITE LIMITATIONS

Unit Well No. 15 is located on a parcel of land that is approximately 110 feet in length and 60
feet in width (0.15 acres). The location of the well house and reservoir, standby engine
generator and the parking area are depicted in Figure 2.
Each treatment option will require additional property to be purchased to accommodate the
treatment building. Space requirements/limitations will be addressed in detail in the subsequent
sections on treatment options.

7.

OVERVIEW OF TREATMENT OPTIONS

As previously mentioned, regulatory authorities recognize forced draft aeration (such as packed
tower aerators) and GAC adsorption as accepted treatment technologies for the removal of
VOCs from water supplies. As such, both of these options have been considered for mitigation
of the VOCs present in Unit Well No. 15.
Low profile aeration units have been demonstrated to effectively remove VOCs from water
supplies. Because these units feature a compact footprint, have a lower vertical profile, and
offer relative ease of maintenance, they have also been considered for treatment at Unit Well
No. 15.
The following sections of this memorandum provide detailed information about conventional air
strippers (forced draft aeration units), low profile aeration units, and GAC adsorbers designed
specifically for Unit Well No. 15.
Conceptual cost estimates (capital, operation and
maintenance, and 20 year life cycle costs) have been developed for each treatment option.

8.

CONVENTIONAL AIR STRIPPERS

8.1

Equipment Description and Design Parameters

Equipment drawings and budgetary equipment cost information was obtained for forced draft
aeration units from an equipment vendor, WesTech, based upon the requirements to treat a
flow of 2,200 gpm and achieve VOC removal efficiency of 99 percent. Given the current level of
VOCs in the water from Unit Well No. 15, this would yield PCE and TCE concentrations below
0.04 µg/L in the aeration unit effluent.
The information obtained from the equipment manufacturer is presented in Appendix A.
The aeration unit features an aluminum aerator housing shell with a removable bolted side
panel designed for access to the aerator internals and to allow for cleaning/replacement of the
Tripak media. The tower has a dedicated and standby blower with an aluminum hooded screen
intake.
Tripak media is typically plastic or ceramic media that is designed to optimize the transfer of
dissolved contaminants from the water column into the air stream that is forced through the
aeration unit. It features a very significant amount of surface area to facilitate the transfer
function. The depth of the Tripak media is a function of the amount of contaminant removal
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required. The higher the desired level of removal, the greater the depth of Tripak media
necessary to affect the transfer function.
The forced draft aeration unit conceptual design for Unit Well No. 15 does not provide for
redundant aeration units. It is anticipated that media cleaning and routine maintenance
activities would not occur during peak demand periods.
Table 3 summarizes the key design elements of the WesTech forced draft aeration unit at a
removal efficiency level of 99 percent.
Table 3. Forced Draft Aeration Unit Design Parameters
Parameter
No. of Aeration Units
VOC Removal Efficiency
Capacity of Aeration Unit
Hydraulic Loading Rate
Air-to-Water Ratio
Dimensions of Aeration Unit
Media
Media Height
Forced Draft Blower Rating
Weight (filled with water)
Expected Media Cleaning Frequency

1
99 percent
2,200 gpm
24.7 gpm/sf
30:1
10 ft (l) x 13 ft (w) x 20 - 23 ft (h)
1/2 – 1 inch Tripak
10 – 15 feet
6,075 scfm
15,000 lbs
every 3-6 months

Because of the elevated hardness concentration in the water from Unit Well No. 15, provisions
should be made for periodic cleaning of the Tripak media and the aerator internals. This
typically consists of circulating a dilute citric acid solution throughout the media. Provision must
be made for handling and disposal of the spent acid solution.
Based upon information provided by the equipment vendor, it is expected that the forced draft
aeration unit will require chemical cleaning at a frequency of two to four times each year. The
cleaning cycle can generally be completed in one day. Given the importance of Unit Well No.
15 to the City’s Zone 6 - East Service Area, it must be determined if the well can be removed
from service when cleaning is required. If it is determined that the cleaning frequency would be
operationally disruptive, a redundant aeration unit could be installed to maintain constant flow
from the facility.

8.2

Building and Site Layout

Although the air stripper could be located outdoors above the reservoir, we understand MWU’s
preference is to locate the equipment in a building. A conceptual building plan and section is
depicted in Figure 3. A conceptual site plan is depicted in Figure 4. As indicated on the site
plan, additional property would need to be acquired to accommodate the building.

8.3

Operational Impacts

The installation of a conventional air stripper at the Unit Well No. 15 site would require an
additional chemical treatment system to reduce the frequency of media cleaning activities. Also,
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the well pump would be subjected to additional static and dynamic head resulting in a reduction
in capacity. The following paragraphs address each of these items.

8.3.1 Chemical Treatment System
Based upon the total hardness levels cited in Table 1 (greater than 400 mg/L), and to a lesser
degree, the manganese concentrations in the raw water of Unit Well No. 15, it is recommended
that polyphosphate be fed directly ahead of the aeration unit.
The purpose of the
polyphosphate would be to sequester the hardness (and manganese), thereby minimizing the
amount and extent of deposition on the Tripak media and aerator internals.
Presented in Table 4 are the conceptual design parameters for the polyphosphate system. It is
anticipated that the polyphosphate feed will enable the aeration units to continue to operate at
peak efficiency while minimizing the need for cleaning of the aerator internals and Tripak media.
Table 4. Polyphosphate System Design Parameters
Parameter
Design Value
Flow
2,200 gpm
Dosage
1.0 mg/L
Daily Consumption
2.3 gallons
Monthly Consumption
69 gallons
The polyphosphate storage and feed system would be located within the existing pump house
as depicted in Figure 5.
The system would include chemical storage in two 55 gallon drums, providing for 30 days of
storage capacity. Using a drum pump, the polyphosphate would be transferred to either a
HDPE or FRP day tank set upon a scale. Redundant chemical metering pumps, with one in
standby mode, would feed the polyphosphate to the aeration unit influent pipeline.

8.3.2 Well Pump Capacity
The static and dynamic head associated with installation of the conventional air strippers will
reduce the capacity of the pumping unit by approximately 550 gpm. Therefore, the well capacity
will be reduced from 2,200 gpm to approximately 1,650 gpm (25 percent reduction). The well
pump efficiency will also be reduced from 84 percent to 80 percent.
The reduced capacity of the well pump (1,650 gpm) will be less than the capacity of the booster
pump (2,000 gpm). To maintain the capacity of Well No. 15, pump modifications (Installation of
additional stages and replacement of the motor) or replacement of the pumping unit would be
required.
A pump characteristic curve, which depicts the operational impacts associated with the
installation of a conventional air stripper, is included in Appendix B.
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Off-Gas Treatment

As summarized in Table 2, the Wisconsin DNR has established hourly and annual threshold
values for sources of specific hazardous air contaminants. In the case of Unit Well No. 15, the
aeration units would be venting the PCE and TCE that was removed from the water column to
the atmosphere.
In order to determine if vapor phase treatment of the aeration unit off-gases would be
necessary, the daily and annual volume of PCE and TCE released to the atmosphere was
calculated, expressed in pounds per hour and pounds per year, respectively. The basis for the
calculated PCE and TCE emission values was 100 percent removal of raw water concentrations
of 4 µg/L of PCE and 0.4 µg/L of TCE at a flow rate of 2,200 gpm.
The calculated values, compared to the DNR emission threshold limits, are presented in Table
5.
Table 5. Calculated Aerator Emission Volumes
Contaminant
PCE
TCE

DNR Emission Threshold
9.11 pounds/hour
301 pounds/year
14.4 pounds/hour
888 pounds/year

Calculated Volume Emitted
0.0030 pounds/hour
26.75 pounds/year
0.00030 pounds/hour
2.67 pounds/year

As indicated in Table 5, the VOC emissions from the forced draft aerator would be substantially
below both the hourly and annual emission threshold limits for both PCE and TCE. Therefore,
vapor phase treatment of off-gas emissions will not be required by the DNR.
Although the DNR will not require the treatment of the VOC airstream emitted from the forced
draft aerator, vapor phase GAC adsorption could be used to treat the aerator emissions. VOCs
are removed from the airstream using a GAC adsorption unit which would operate at a pressure
of approximately 28 inches with a loading rate of 50 scfm/ft2. The GAC adsorption unit would
have dimensions of 11 ft. x 11 ft. x 7 ft for a square contactor.
The estimated installed capital cost for a vapor-phase GAC adsorption unit is $170,000
(Excludes building cost). Operating expenses would include the cost for replacement GAC,
regeneration of the spent GAC, and cleaning of the adsorption vessel at the time of GAC
replacement.
Another item to consider, relative to emissions from the aeration units, is the possibility that the
raw water concentrations of PCE and TCE would increase over time. Given the uncertainty of
the source of contamination, this is a distinct possibility. As such, the raw water concentration
of PCE and TCE that would trigger the DNR requirement for vapor phase treatment was
calculated. The trigger value used in this calculation was the annual threshold, as this is the
more conservative of the emission threshold requirements. In the case of PCE, the raw water
concentration would have to increase to approximately 41µg/L to trigger the requirement for offgas treatment. For TCE, the raw water concentration would be approximately 91 µg/L.
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Low profile aeration units, which are based upon a cascading tray aeration concept, are
becoming more prevalent in the water supply industry due to their compact design and ease of
maintenance of the internal trays.
Equipment drawings and budgetary cost information was obtained for low profile aeration units
from QED Environmental Systems, a company with numerous installations of low profile
aeration units throughout the United States. The low profile unit conceptual design was based
upon the requirements to treat a flow of 2,200 gpm and achieve a VOC removal efficiency of 99
percent. Given the current level of VOCs in the water from Unit Well No. 15, this would yield
PCE and TCE concentrations below 0.04 µg/L in the aeration unit effluent.
The low profile aeration unit conceptual design for Unit Well No. 15 does not provide for
redundant aeration. It is anticipated that media cleaning and routine maintenance activities
would not occur during peak demand periods.
The information obtained from QED Environmental Systems is presented in Appendix A.
Two low profile units would be required to treat 2,200 gpm. Each aeration unit features a
dedicated blower, a standby blower, and a stainless steel aerator housing with an internal 4 tray
configuration. Table 6 summarizes the key design elements of the low profile aeration units that
yield a removal efficiency level of 99 percent.
Table 6. Low Profile Aeration Unit Design Parameters
Parameter
No. of Aeration Units
VOC Removal Efficiency
Capacity of Each Unit
Hydraulic Loading Rate
Air-to-Water Ratio
Dimensions of Aeration Unit
Number of Trays per Unit
Forced Draft Blower Rating
Weight (filled with water)
Expected Tray Cleaning Frequency

2
99 percent
1,100 gpm
3.4 gpm/sf
3.9 cfm/gpm
8.5 ft (l) x 12 ft (w) x 8.5 ft. (h)
4
5,200 scfm
22,000 pounds per unit
every 3 to 6 months

Because of the elevated hardness concentration in the water from Unit Well No. 15, provisions
should be made for periodic cleaning of the trays and aerator internals. This typically consists
of removal of the front door of the unit and pressure washing of the trays. The trays can either
be pressure washed in place or removed and washed in a location with ready access to a drain.
Alternatively, a dilute citric acid solution can be circulated in each unit. This requires the proper
handling and disposal of the spent acid solution.
Based upon information provided by the equipment vendor, it is expected that the low profile
aeration units will require cleaning at a frequency of two to four times each year. The cleaning
BLACK & VEATCH Project 169092.0800
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cycle can be completed in less than one day. Given the importance of Unit Well No. 15 to the
City’s Zone 6 - East Service Area, it must be determined if the well can be removed from service
when cleaning is required. If it is determined that the cleaning frequency would be operationally
disruptive, a redundant aeration unit could be installed to maintain constant flow from the facility.

9.2

Building and Site Layout

Although the air strippers could be located outdoors above the reservoir, it is our understanding
that MWU’s preference is to locate the equipment in a building. A conceptual building plan and
section is depicted in Figure 6. A conceptual site plan is depicted in Figure 7. As indicated on
the site plan, additional property would need to be acquired to accommodate the building.

9.3

Operational Impacts

The installation of a low profile aerator at Unit Well No. 15 site would require an additional
chemical treatment system to reduce the frequency of media cleaning activities. Also, the well
pump will be subjected to additional static and dynamic head losses resulting in a reduction in
capacity. The following paragraphs address each of these items.

9.3.1 Chemical Treatment System
The installation of low profile aeration units at the Unit Well No. 15 site would require an
additional chemical treatment system. The discussion of chemical treatment for the low profile
aeration units is the same as was presented for the conventional air stripper units. The
polyphosphate would be fed to the aerator influent pipeline.

9.3.2 Well Pump Capacity
The static and dynamic head associated with installation of the low profile aeration units would
reduce the capacity of the pumping unit by approximately 200 gpm. Therefore, the well capacity
will be reduced from 2,200 gpm to approximately 2,000 gpm (9 percent reduction). The well
pump efficiency will also be reduced from 84 percent to 83 percent.
The reduced capacity of the well pump (2,000 gpm) will be approximately equal to the capacity
of the booster pump (2,000 gpm). To maintain the capacity of Well No. 15, it is likely that pump
modifications (installation of additional stages and replacement of the motor) or replacement of
the pumping unit would be required.
A pump characteristic curve, which depicts the operational impacts associated with the
installation of the low profile aerators, is included in Appendix B.

9.4

Off-Gas Treatment

The discussion of off-gas treatment for the low profile aeration units is the same as was
presented for the forced draft aeration units.

10.

GRANULAR ACTIVATED CARBON ADSORPTION

GAC Adsorption is a very effective mechanism for removal of the VOCs that are present in the
raw water from Unit Well No. 15. Equipment drawings and budgetary cost information for GAC
adsorbers was obtained from Siemens and WesTech, based upon the requirements to treat a
flow of 2,200 gpm and achieve a VOC removal efficiency of 99 percent. Given the current level
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of VOCs in the water from Unit Well No. 15, this would yield PCE and TCE concentrations
below 0.40 µg/L in the GAC adsorber effluent.
Table 7 summarizes the key design elements of the GAC adsorbers as provided by the
contacted vendors.
Table 7. GAC Adsorption Unit Design Parameters
Parameter
No. of Adsorption Vessels
Capacity of Each vessel
Empty Bed Contact Time
Design Loading Rate
Dimensions of each Vessel
Vessel Carbon Capacity
Vessel Weight (filled with GAC and water)
Expected Media Replacement Frequency

Siemens
2
1,100 gpm
7.5 minutes/vessel
3.0 gpm/sf
12 ft. diameter; 19 ft. height
30,000 pounds GAC
120,000 pounds
1.6 years

WesTech
3
733 gpm
13.6 minutes/vessel
5.9 gpm/sf
12 ft. diameter; 16 ft. height
40,000 pounds GAC
undetermined
undetermined

Although Siemens and WesTech proposed the use of two and three vessels respectively, an
additional vessel may be necessary in order to allow for occasional backwashing or “fluffing” of
the GAC media while maintaining full capacity from the Unit Well No. 15 facility. An additional
GAC adsorption unit would not be required if backwashing operations could occur during off
peak demand periods without adversely affecting operations.
The GAC contactors must be housed within a building in order to protect them from the
elements (freezing temperatures). As such, a building with the dimensions of 54 feet in length
by 24 feet in width is necessary to house the GAC vessels. As depicted in Figure 8, the site
area would limit the construction of a building to accommodate the GAC adsorption vessels
without property acquisition. The site limitations, coupled with a conceptual capital cost that is
approximately 3.5 to 6 times higher than aeration technology, eliminate GAC adsorption from
consideration as a viable treatment technology at Unit Well No. 15.

11.

CONCEPTUAL OPINION OF PROBABLE PROJECT AND LIFE CYCLE
COSTS

The following paragraphs present the conceptual opinion of probable costs for forced draft
aeration and low profile aeration at Unit Well No. 15. The costs include the budgetary
equipment costs provided by the vendors, costs associated with upgrades to the site and
existing facilities to accommodate the treatment systems, operation and maintenance costs, and
20-year life cycle costs.

11.1

Conventional Air Strippers

Table 8 depicts the estimated capital costs associated with a forced draft aeration system with a
capacity of 2,200 gpm that will achieve a removal efficiency of 99 percent. Should it be
necessary to incorporate vapor phase treatment of off-gases, it is expected that this will
increase the installed capital cost by approximately $170,000 for each system.
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Table 8. Conceptual Opinion of Probable Project Costs
Conventional Air Strippers

Description
Building, piping and valves
Equipment
Polyphosphate storage and feed
system (Recommended, but
optional)
Vertical Diffusion Vane Well
Pump
Administrative, Engineering, and
Legal
Contingency (Approx. 25%)
Estimated Total Project Cost

Conceptual Opinion of
Probable Project Costs
$610,000
$250,000
$25,000

$125,000

$150,000
$290,000
$1,450,000

Table 9 depicts the estimated annual operation and maintenance costs for the conventional air
stripper systems.
Table 9. Operation and Maintenance Cost
Conventional Air Strippers

Description
Maintenance
Electrical
Chemicals
Estimated Total

11.2

Conceptual Opinion of
Probable Annual Costs
$10,000
$11,500
$1,500
$23,000

Low Profile Aeration

Table 10 depicts the estimated capital costs associated with a low profile aeration system with a
capacity of 2,200 gpm that will achieve a removal efficiency of 99 percent. Should it be
necessary to incorporate vapor phase treatment of off-gases, it is expected that this will
increase the installed capital cost by approximately $170,000 (Excludes building cost).
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Table 10. Conceptual Opinion of Probable Project Costs
Low Profile Aeration System

Description
Building, piping and valves

Conceptual Opinion of Probable Project Costs
QED Environmental Systems
$615,000

Equipment

$675,000

Polyphosphate storage & feed system
(Recommended, buy optional)

$25,000

Vertical Diffusion Vane Well Pump

$125,000

Administrative, Engineering, and Legal

$215,000

Contingency (Approx. 25%)

$415,000

Estimated Total Project Cost

$2,070,000

Table 11 depicts the estimated annual operation and maintenance costs for the low profile
aeration system.
Table 11. Operation and Maintenance Cost
Low Profile Aeration System

Description
Maintenance
Electrical
Chemicals
Estimated Total

11.3

Conceptual Opinion of Probable Annual Costs
QED Environmental Systems
$10,000
$9,000
$1,500
$20,500

20-Year Life Cycle Costs

Presented in Table 12 are the 20-Year Life Cycle Cost Estimates for the conventional air
stripper system and the low profile aeration system. An annual interest rate of four percent was
used to calculate the 20-Year estimates.
Table 12. 20-Year Life Cycle Cost Estimates
Forced Draft and Low Profile Aeration Systems
Aeration System
20-Year Life Cycle Cost Estimate
Conventional Air Stripper
$1,765,000
Low Profile Aeration System
$2,350,000

12.

EVALUATION SUMMARY

Three alternative treatment technologies were evaluated for removal of volatile organic
compounds (VOC) at Unit Well No. 15. The treatment technologies included conventional air
strippers, low-profile air strippers and granular activated carbon (GAC) adsorption units.
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Considering the site space limitations, GAC adsorption units are not considered a viable
alternative for treatment at Unit Well No. 15.
The use of conventional and low-profile air stripper units are both considered viable treatment
options.
The height of the building required to accommodate conventional forced draft and low profile
aerators is approximately 34 ft. and 16 ft., respectively. From an aesthetics standpoint, the use
of low profile units will be less obtrusive.
The water hardness, iron and manganese concentrations will cause deposition on the
conventional air stripper media and the low profile air stripper trays. Frequent cleaning of the
media or trays will be required. Feeding a sequestering agent upstream of the equipment is
recommended to reduce the cleaning frequency. It will be difficult to clean the Tripak media in a
conventional air stripper. If the media is not effectively cleaned, the frequency of cleaning
activities will increase. The design of the low profile air strippers facilitate a simplified and
effective cleaning process.
The conceptual opinion of probable project cost and 20-year life cycle cost for a conventional air
stripper is $1,450,000 and $1,765,000, respectively. The conceptual opinion of probable project
cost and 20-year life cycle cost for low profile air strippers is $2,070,000 and $2,350,000,
respectively.
The conceptual opinion of probable project cost would be approximately $620,000 lower for
conventional air strippers. In addition, the estimated 20-year life cycle cost would be
approximately $585,000 lower for conventional air strippers.
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APPENDIX C
Conceptual Opinion of Probable Construction Cost

