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INTRA-AGENCY MEMORANDUM 
 

KENTUCKY PUBLIC SERVICE COMMISSION 
 
 

TO:  Cases File No. 2010-00038 and No. 2010-00093 
 
FROM: Gerald Wuetcher 
  Executive Advisor 
 
DATE: April 21, 2010 
 
RE:  Telephone Conference Call of April 19, 2010 
 
 On April 19, 2010, a conference call was conducted in the above-referenced 
cases.  Participating were: 
 

Jack Bragg   - Northern Kentucky Water District 
Richard Harrison  - Northern Kentucky Water District 
John N. Hughes  - Northern Kentucky Water District 
Barri Joslyn   - Northern Kentucky Water District 
Amy Kramer   - Northern Kentucky Water District 
Ron Lovan   - Northern Kentucky Water District 
Eddie Beavers  - Commission Staff 
Reggie Chaney  - Commission Staff 
Mark Frost   - Commission Staff 
Todd Osterloh  - Commission Staff 
Preston Robards  - Commission Staff 
George Wakim  - Commission Staff 

  Gerald Wuetcher  - Commission Staff 
 
Commission Staff and officials of Northern Kentucky Water District (NKWD) arranged 
the conference call on April 15, 2010.  Prior to the call, Commission Staff submitted a 
list of questions (Attachment 1) for discussion at the conference.  At the start of the 
conference call, NKWD officials provided a chronology of events (Attachment 2) related 
to the proposed construction projects for which it seeks certificates of public 
convenience and necessity. 
 
 Beginning the conference, Mr. Osterloh stated that Commission Staff would 
prepare minutes of the conference for the case records, that a copy of these minutes 
would be provided to all parties, and that all parties would be given an opportunity to 
submit written comments upon those minutes. 
 
 Mr. Lovan then introduced the members of NKWD staff who were participating in 
the conference call.  He noted that the proposed projects were intended to ensure 
NKWD’s compliance with the Stage 2 Disinfectant and Disinfection Byproducts Rule 
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and the Long Term 2 Enhanced Surface Water Treatment Rule.  He further noted that 
the planning for compliance had been conducted in conjunction with the development of 
NKWD’s strategic plan and its five-year capital budgets.  This planning involved a 
continuous and constant review of the water utility’s needs and objectives and the 
available means to accomplish those objectives.  Mr. Harrison then discussed the 
chronology of events related to NKWD’s compliance strategy 
 
 During this discussion, Commission Staff inquired about the bids submitted on 
both projects.  Mr. Lovan, Mr. Harrison, and Ms. Kramer stated that the bids were very 
favorable to the water district and represented a once-in-a-lifetime opportunity.  The 
bids for the Fort Thomas Water Treatment Plant (“FTTP”) were 52 percent below 
estimated costs.  The bids for the Memorial Parkway Treatment Plant (“MPTP”) were 48 
percent below estimated costs.  Mr. Lovan and Ms. Kramer attributed the lower 
amounts to poor economic conditions, the lack of work in the construction sector in 
December and the desire of many contractors to accept work at lower cost to continue 
to employ their work crews.  Ms. Kramer further stated that equipment suppliers had 
also made significant reductions in the cost of equipment.  They noted that market 
conditions are now exerting upward pressure on prices.  Market prices for metals are 
increasing.  They have received reports that subcontractors have shown reluctance to 
further decreases in prices and are pressing for price increases. 
 
 Ms. Joslyn, NKWD’s Vice-President of Water Quality and Production, discussed 
the compliance strategies for organics removal that NKWD considered.  She noted that 
a summary of these strategies is found in the 2008 Preliminary Design Report at Table 
1-4.  She noted that several of the compliance strategies were not effective for use at 
either at the FTTP or MPTP.  Granular Activated Carbon (“GAC”) and Membranes were 
the only treatment methodologies that were considered effective.  Ms. Joslyn noted that 
membrane treatment, while very effective, was three to four times more expensive than 
GAC treatment and was subject to bacteria buildup.  No specific cost estimates were 
developed for membrane treatment.  NKWD instead relied upon industry studies. 
 
 Ms. Joslyn noted that a recent article in the Journal of the American Water Works 
Association (Attachment 3) had declared GAC treatment to be “the most cost effective 
method available” for compliance.  GAC treatment required no additional chemical, 
would assist in meeting expected new drinking water requirements, addressed taste 
and odor issues, was simple to use, and its spent media could be reactivated and 
reused. 
 
 As to other strategies that the U.S. Environmental Protection Agency has 
recommended, Ms. Joslyn stated that moving the point of chlorination was an effective 
compliance strategy, but noted that NKWD has already taken all available actions to 
optimize its chlorination efforts.  NKWD currently chlorinates in two locations and has 
reduced its chlorine dosage during warm weather conditions.  It experimented with 
enhanced softening, but found that process, which requires chemicals that increase the 
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pH of the treated water, would increase THM levels and reduce the effectiveness of its 
chlorination efforts.  Finally, she noted that modifications to pre-sedimentation basin 
operations had not resulted in sufficient reductions of sedimentation. 
 
 Ms. Joslyn then discussed the design of the proposed GAC system.  She noted 
that proposed system will use post-filter contactors.  This system will be added on to 
NKWD’s existing treatment process.  Water is first treated through NKWD’s existing 
treatment process.  It then is run through GAC filters.  The filters, which are 12 feet in 
depth at the FTTP and 10 feet in depth at the MPTP, provide for greater removal of 
organics than a GAC filter adsorber.  Had NKWD used a GAC adsorber system, the 
existing filter basins at each treatment plant would have been used.  Ms. Joslyn noted 
that these basins would have allowed for only three foot deep filters.  She also noted 
that GAC adsorbers have a greater tendency to collect bacteria than a GAC post-filter 
contactor system.  Ms. Joslyn stated that Division of Water did not express in writing 
any preference toward a particular system. 
 
 Mr. Lovan and Ms. Kramer explained NKWD’s approach to compliance.  The 
Board considered three different approaches: minimum, moderate, and aggressive. The 
minimum approach sought to achieve compliance with Stage 2 Disinfectant/Disinfection 
Byproduct Rule.  It assumed a maximum contaminant level (MCL) equal to the MCL in 
the Rule and considered an empty bed contact time of 15 minutes as sufficient to 
achieve this goal.  Under this approach, the water district could have some individual 
sampling events that tested above the Rule’s maximum concentration levels for TTHM 
and HAA5, but still have a local running annual average within those levels.  NKWD’s 
Board viewed this approach as having significant risk since any change in sampling 
results could place the water district in a non-compliance status. 
 
 The moderate approach sought to ensure that all individual sampling events 
were at or below MCL and that local running annual averages were equal to 80 percent 
of MCL or less.  NKWD considered the necessary empty bed contact time for this 
approach to be 20 minutes.  This approach would allow NKWD maintain compliance 
even if an unexpected sampling result occurred. 
 
 The aggressive approach sought to achieve levels so that all individual sampling 
events were at or below MCL and local running annual averages were equal to 60 
percent of MCL or less.  NKWD considered the necessary empty bed contact time for 
this approach to be 25 minutes.  This approach allowed for compliance with existing 
requirements and to meet some anticipated future requirements without additional 
efforts. 
 
 The estimated costs of these compliance approaches were: Minimum approach - 
$23 million; Moderate approach - $28 million; and Maximum approach - $35 million.  
The difference in cost stems from the size of the facilities necessary to ensure the 
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required contact time.  A larger number of contactors and a larger building to house 
those contactors is necessary to ensure a longer contact times. 
 
 Mr. Lovan noted that in selecting the moderate approach, NKWD considered 
GAC’s ability to address pharmaceutical contaminants.  He noted that the water industry 
considers the likelihood of additional requirements to remove pharmaceuticals from 
water as very high.  GAC allows NKWD to comply with such requirements. 
 
 Ms. Kramer also noted the problems associated with the configuration and lack 
of available space at both plants.  The plants’ limited footprint will prevent additional 
modifications after the proposed modification.  Simply put, NKWD had to plan and 
implement all modifications at once.  It would not be able to make further modifications 
in the future.  The moderate approach better addressed this issue. 
 
 Mr. Harrison also noted that the moderate approach allowed easier compliance 
for wholesale water operations.  It avoided excessive use of chlorine and increased 
levels of disinfection byproducts that would have prevented NKWD’s delivery of water to 
wholesale customers and those customers’ subsequent resale within acceptable levels. 
 
 Ms. Joslyn noted that NKWD is currently experiencing greater difficulty meeting 
MCL levels.  Sampling at the worst locations within its water system in 2009, as present 
water quality regulations require, indicated that NKWD exceeded MCL levels.  
(Following the conference call, NKWD provided its compliance results for 2009.  See 
Attachment 4.) 
 
 Ms. Kramer discussed NKWD’s plans to expand the MPTP’s treatment capacity.  
She noted that NKWD plans to make the expansion in phases.  Various components of 
the plant, to include its raw water intake, will be replaced or upgraded during the next 18 
years to permit the plant to operate at a capacity of 20 million gallons per day (MGD).  
Ms. Kramer noted that the proposed ultraviolet (UV) disinfection facilities are being built 
for 20 MGD capacity, despite the plant’s current capacity of 10 MGD, because the cost 
of adding an additional 10 MGD of UV capacity at a later date would be much greater 
than constructing a 20 MGD facility now.  Mr. Harrison noted that the proposed facilities 
are necessary even if the MPTP is not expanded in the near future.  The water district 
expects to need the expanded plant capacity at some point in the future. 
 
 Ms. Joslyn answered questions regarding the need for proposed UV disinfection 
facilities at FTTP and MPTP.  She noted that Cryptosporidium had been detected in the 
Ohio River.  Even at low levels, Cryptosporidium is capable of causing serious infection.  
She further noted that raw sewage bypasses have increased in frequency and severity 
in recent years.  Sewage treatment facilities are located above NKWD’s water intakes 
on the Ohio River and increase the risk of Cryptosporidium contamination.  Runoff from 
non-point sources also increases this risk.  Currently, NKWD has only one barrier to 
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micro-biological contamination — chlorine disinfection.  She noted that GAC technology 
has shown an ability to store micro-biological contaminants. 
 
 Ms. Joslyn noted that the addition of UV disinfection presents several 
advantages.  It is very effective against Cryptosporidium, does not produce any 
disinfection byproducts, and is effective against several micro-biological contaminants in 
addition to Cryptosporidium.  She also that UV disinfection has a low capital cost and 
low operational cost. 
 
 Ms. Joslyn noted that there has been no change in regulatory requirements since 
the issuance of the Preliminary Design Report that would require the use of UV 
disinfection.  While conceding that NKWD had not conducted any cost-benefit analysis 
regarding the addition of the UV process, she noted that the cost of the proposed 
systems at FTTP and MPTP compared very favorably to the cost of the UV system that 
NKWD installed at the Taylor Mill Water Treatment Plant in 2007.  She noted that the 
cost of the respective UV systems represents less than five percent of the total cost of 
the MPTP improvements and approximately three percent of the total cost of the FTTP 
improvements. 
 
 Ms. Joslyn stated that the addition of the UV disinfection systems provided 
significant public health benefits.  She noted that NKWD’s is currently at risk for 
Cryptosporidium.  Moreover, UV presents an additional backup in the event that NKWD 
experiences problems with its filters. 
 
 Ms. Joslyn noted that GAC technology does not provide an effective barrier 
against Cryptosporidium.  It is effective against organic matter, but not against micro-
biological contaminants.  She also noted that UV is not very effective in disinfecting high 
turbidity water. 
 
 Ms. Kramer and Mr. Harrison stated that NKWD briefly considered treating the 
two proposed projects as a single project for bidding purposes, but determined that 
approach was not in the water district’s best interests.  They noted that requesting 
separate bids on each project encouraged competition among construction firms.  
Combining the projects as a single project would have increased the size of the required 
construction bond and thus lessen the number of construction firms financially capable 
of submitting bids.  By staggering the submission time for potential bidders, it allowed 
firms additional time to closely evaluate the bid specifications of each project and to 
identify and eliminate unknowns or uncertainties regarding the project. By eliminating 
these uncertainties, the bidding firms reduced the potential risks associated with their 
bid and were able to reduce the amount of their bid. 
 
 Ms. Kramer also noted that bidding both projects as one project would have 
increased NKWD’s risk.  Unforeseen problems or delays experienced by the successor 
bidder would place completion of the required work at both water treatment plants at 
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risk.  By bidding the projects separately, NKWD reduced the risk that a problem 
experienced by one successful contractor would affect the completion schedule of 
renovations at both plants. 
 
 Ms. Kramer conceded that bidding both projects as one project would have 
produced some efficiencies, primarily in construction administration and management.  
She further noted that, as the construction is not being performed at one work site, 
many of efficiencies that might be associated with combining two projects would not 
occur. 
  
 Prior to adjourning, the participants discussed NKWD’s delivery of requested 
documents to Commission Staff and NKWD’s timing requirements.  It was agreed that 
NKWD would provide all documents by electronic mail and that these documents would 
be attached to the minutes of the conference call.  NKWD representatives advised that, 
to ensure adequate time to issue a notice of award to the successful bidders, NKWD 
must have notice of the Commission’s decision in both proceedings no later than 
3:00 p.m. on April 21, 2010.  (NKWD subsequently advised Commission Staff notice of 
the Commission’s decision was required no later than 1:00 p.m.)  NKWD 
representatives advised that the successful bidder on the MPTP project had informally 
agreed to a short extension of its bid but that further extensions were not likely.  Failure 
to issue a decision on the applications by April 21, 2010 would likely require the projects 
to be rebidded and result in higher bids. 
 
 The conference then adjourned. 
 
cc: Parties of Record 
 
Attachments: 
1 - Questions Submitted By Commission Staff 
2 - History of Activities in Chronological Order 
3 - Journal AWWA Article 
4 - Letter of 4/19/2010 
5 - TTHM Sampling Data 
6 - Minutes of NKWD Board Meetings 



ATTACHMENT 1 



Questions for Northern Kentucky Water District related 
to its request for certificates of public convenience and necessity. 

 
 
1.  Identify all compliance strategies that NKWD considered.  State the expected cost 
of each strategy and why the strategy was not selected.  Identify the advantages and 
disadvantages of each strategy.  
 
 
2. State whether the following options were considered to be implemented to 
address compliance with the EPA’s Stage 2 D/DBP Rule.  
 a.  Microfiltration 
 b.  Nanofiltration 
 c.  Moving the point of chlorination 
 d.  Reducing chlorine dose under warm weather conditions 
 e.  Enhanced Softening 
 f.  Modifying Pre-sedimentation Basin Operations 
  
 
3.  For each of the options listed in the question above,  
 a.  if the option was considered, provide a detailed description of why the 
treatment type was rejected. 
 b.  if the option was not considered, explain the disadvantages the would not 
make the option a more reasonable solution to ensure NKWD’s regulatory compliance.  
 
 
4.  On page 9 of Appendix B of the Preliminary Design of GAC Systems Report 
(March 2008), it states, “In determining whether GAC filter adsorbers or post-filter 
contactors would be more appropriate for the NKWD treatment plants, a variety of 
factors must be considered; especially the limitations associated with filter adsorbers and 
the chlorination preferences of the Kentucky Division of Water.”  Provide any 
correspondence between the Division of Water and NKWD or other materials that 
evidences the “preferences” of the Division of Water with respect to GAC filter 
adsorbers. 
 
 
5.  Provide all minutes of the Board of Directors’ meetings at which the proposed 
project was discussed. 
 
 
6.  Provide all reports and other documents that were presented to NKWD Board of 
Directors, in order to advise the Board of options to comply with the D/DBP Rule.   
 
 



7.  Provide a detailed explanation of why NKWD adopted a moderate approach 
strategy to address future water quality goals, as opposed to a minimum or aggressive 
approach.   
 
 
8.  Explain whether any of the options (other than GAC post-filter adsorption) would 
satisfy the minimum approach to addressing future water quality goals.   
 
 
9.  On pages 2-3 and 2-11 of the Basis of Design Report (January 2009), it states that 
“Based on conservative assumptions for the distribution system (water age) and treatment 
(pH, chlorine residual concentration and water temperature), the PD Report, March 2008 
predicted TTHM formation would occur at a concentration of 0.064 mg/L if the target 
GAC effluent TOC concentration is 1.25 mg/L.” 
 a.  Identify what conservative assumptions were used and why those 
assumptions were used. 
 b.  Explain how 1.25 mg/L was established as the target GAC effluent TOC 
concentration.   
 
10.  Explain how the sizing of the planned GAC contactors was determined and how 
that size will help achieve regulatory compliance.   
 
 
11.  Describe the plans to expand the Memorial Parkway Treatment Plant (“MPTP”) 
capacity and the current status of these plans.   
 
 
12.  Explain the effect on compliance strategies if scheduled treatment capacity 
expansion at MPTP does not occur. 
 
 
13.  Page 1-4 of the Basis of Design Report (January 2009) states that NKWD is 
proposing to have 5 fully functional GAC contactor beds and 1 empty bed for future 
expansion at the MPTP.  If the MPTP capacity is currently set at 10 MGD and can be 
upgraded 100% to 20 MGD, explain why one additional bed (an upgrade of 20% over the 
other 5 beds) would be sufficient to handle the additional capacity. 
 
 
14.  At Section 1.5 of the Preliminary Design Study, the authors state:  “Current 
knowledge of NKWD water quality indicates that Cryptosporidium detections are low 
and that additional treatment is not likely to be required.  However in the event that 
regulatory requirements or source water quality characteristics change, or it the District 
desires to add an additional microbial barrier to the WTP process, UV disinfection is a 
cost-effective treatment alternative approved for Cryptosporidium removal/interaction by 
LT2ESWTR.” 



 a. Given that Cryptosporidium detections are low and that additional 
treatment is not likely to be required, state why NKWD is requesting the addition of a 
UV facility to the proposed construction. 
 b. Identify the regulatory requirements that have changed since March 2008. 
 c. Identify the source water quality characteristics that have changed since 
March 2008.  
 d. Identify all cost benefits of including the UV disinfection facilities in the 
present project, as opposed to adding the facilities at a future date. 
 
 
15.  At Section 3.1.2 of Basis of Design Report, authors state that “[a]lthough 
Cryptosporidiurn sampling of the NKWD source waters does not indicate a regulatory 
need to provide UV disinfection, the NKWD has identified the water quality 
improvement and public health benefit of UV disinfection as meriting the inclusion of 
UV facilities in the project.” 
 a. What are the water quality improvement benefits of UV disinfection? 
 b. What are the public health benefits of UV disinfection? 
 c. Describe how NKWD quantified these benefits to determine that they 
exceeded construction and operation cost of UV facilities.  Provide the calculations and 
all analyses performed. 
 
 
16. At Section 5.1.6.1 of Basis of Design Report, the authors state that GAC 
adsorption is “an effective barrier for taste and odor control and for most emerging 
contaminants.”  They further note that “NKWD has sampled for NDMA on a few 
occasions, and NDMA has not been detected in the raw water.”  In light of the low level 
of Cryptosporidium detections and the effectiveness of GAC adsorption, why is UV 
disinfection necessary? 
 
 
17. Explain why the two projects for which certificates are requested were not 
grouped together in the contractor bidding process. 
 
 
18. Explain whether total cost for the projects could have been reduced if the projects 
were submitted for bids in tandem.   
 
 
19. Paragraph 7 of the application in Case No. 2010-00093 states, “The total 
financing for which approval is sought is approximately $30,000,000.”  Paragraph 5 
states that NKWD will finance this project through bond anticipation notes for which 
Commission approval may not be needed under KRS 278.300(8).  Confirm whether or 
not NKWD is seeking Commission approval for financing in this case.   
 
 
  



ATTACHMENT 2 



History of Activities in Chronological Order - Advanced Treatment 
Public Service Commission Informal Conference 

April 19, 2010 
 

Date Description 
1992 - 1995 Preliminary GAC studies 
Dec 15, 1998 2012 Regulatory Compliance – Board Presentation 
2000 - 2007 Evaluations or Pilot Studies on 8 Treatment Options  
May 2002 DOW visits UV pilot at TMTP 
Aug 18, 2005 2012 Regulatory Compliance – Board Presentation 
Feb 16, 2006 2012 Regulatory Compliance – Board Presentation 
June 2006 TMTP UV Design Memo (Case # 2007-00052) 
Aug 17, 2006 2012 Regulatory Compliance – Board Presentation 
Oct 19, 2006 Board approves 07-11 cap budget including AT projects 
Sep 20, 2007 2012 Regulatory Compliance – Board Presentation 
Oct 18,  2007 Board approves 08-12 cap budget including AT projects 
June 25, 2008 PSC Informal Teleconference – Eng Design for AT 
July 31, 2008 Eng Design for AT – Board Presentation/Approved 
Oct 16, 2008 Board approves 09-13 cap budget including AT projects 
July 13, 2009 Applied for SRF Loan (UV key component) 
Sep 3, 2009 PSC Presentation – Future Rates including AT Projects 
Sep 3, 2009 Submitted FTTP and MPTP AT Project Designs to DOW 
Sep 30, 2009 DOW approved AT preliminary design report 
Oct 6, 2009 DOW Approved MPTP AT Project 
Oct 15, 2009 Board approves 10-14 cap budget including AT projects 
Nov 10, 2009 DOW Approved FTTP AT Project 
Dec 6, 2009 KIA Approved 2% SRF Loan for $8 M 
Dec 16, 2009 MPTP AT Bids Opened (48% under engineer’s estimate) 
Jan 14, 2010 NKWD Tour  – Presentation to PSC Commissioners/Staff 
Jan 20, 2010 MPTP AT Bids – Board Presentation/Approved 
Jan 21, 2010 FTTP AT Bids Opened (52% under engineer’s estimate) 
Jan 28, 2010 MPTP AT Certificate Initially Filed 
Feb 19, 2010 FTTP AT Bids – Board Presentation/Approved 
Feb 24, 2010 KIA Commitment Letter for SRF Loan Filed to PSC 
Feb 24, 2010 PSC accepted MPTP AT Certificate as Filed 
Feb 26, 2010 FTTP AT Certificate Initially Filed 
Mar 8, 2010 PSC accepted FTTP AT Certificate as Filed 
Mar 18, 2010 Sent PSC letter for expedited review of MPTP Certificate 
Apr 14, 2010 PSC first contact with NKWD with any concerns 
Apr 15, 2010 Phone conversation between PSC and NKWD staff 
Apr 16, 2010 PSC sent list of 19 informal questions 
Apr 16, 2010 Last day for PSC to approve MPTP before bids expire  
Apr 18, 2010 MPTP AT Bids Expire per contract 
Apr 19, 2010 Informal Conference Call – 19 questions 
Apr 21, 2010 Anticipated PSC order for MPTP Certificate  
Apr 21, 2010  Anticipated PSC order for FTTP Certificate 
Apr 21, 2010 FTTP AT Bids Expire 
Apr 21, 2010 Issue Notice of Award for MPTP and FTTP AT Projects 
May 21, 2010 Issue Notice to Proceed MPTP and FTTP AT Projects 
June 1, 2010 Contractor anticipated to begin construction 
Apr 1, 2012 New regulations in place 
May 21, 2012 Project substantial completion date 
 
 



 
Acronym list 
 
UV – Ultra Violet 
GAC – Granular Activated Carbon 
FTTP – Fort Thomas Treatment Plant 
TMTP – Taylor Mill Treatment Plant  
MPTP – Memorial Parkway Treatment Plant 
AT – Advanced Treatment 
SRF – State Revolving Fund 
DOW – Division of Water 
PSC – Public Service Commission 
NKWD – Northern Kentucky Water District 
Board – Northern Kentucky Water District Board of Commissioners 
KIA – Kentucky Infrastructure Authority 
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UPDATES’THE DECEMBER 2005 

REPORT FROM THE US 
ENVIRONMENTAL PROTECTION 

AGENCY ON DISINFECTION 

BY-PRODUCT CONTROL 

TECHNOLOGIES AND THEIR 

ASSOCIATED COSTS. 

A L A N  J. R O Y  

econ ic ate 
hlorine disinfection is a long-used and highly effective 
means of preventing waterborne disease. However; chlo- 
rine reactions with natural organic matter (NOM) have 
created by-products, namely trihalomethanes (THMs) and 
haloacetic acids (HA$s), that also pose health risks. The 

US Environmental Protection Agency (USEPA) has implemented water 
quality standards to address these problems and to ensure the safety of 
the nation’s drinking water. 

Water utilities across the United States will soon face difficuIt choices 
as they formulate plans to comply with the requirements of the Stage 2 
DisinfectantdDisinfection Byproducts Rule (DDBPR) while working to 
continue controlling capital and operating costs. In December 2005 
USEPA published a report on the technologies that can be used to control 
DBPs and their associated costs (USEPA, 2005). Since that time, a num- 
ber of technologies have emerged as popular choices to achieve the Stage 
2 treatment requirements. The costs associated with these technologies 
must also undergo significant adjustment in order to reflect current 
economic conditions and supply costs. 

Although removal of DBPs from treated water may be economically 
feasible in some cases, in others prevention of DBP formation by 
changing the disinfectant or removing NOM would be more cost- 
effective. The use of alternative disinfectants is often considered an 
easily implemented and inexpensive means of reducing THMs and 
HAAS. There are, however, additional concerns with the use of alterna- 
tive disinfectants, primarily the creation of other by-products that may 
pose their own health risks and ultimately prove to exhibit greater 
toxicity than T€€Ms and HAAs-the cLtraditional’’ DBPs. A combina- 
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TABLE 1 Capital cost comparisons-2005 and 2009 

Capacity Cost-d 

d 76 mgd d 

. 2009 

I n  

2005 

17 I 

2005 2009 2005 Treatment Technology 2009 

Alternate disinfectants 
Chloramine 
Chlorine dioxide 
W disinfection 
Ozone 

Organic removal technologies 
Granular activated carbon 

Nanofltration 
Microfiltrationlultrafiltration 

(annual exchange) 

53,396 

40,035 

317,091 

804,614 

783,808 

912,423 

1,594,911 

62,608 

47,531 

359,359 

974,973 

863,696 

1,057,344 

1,786,445 

98,772 

268,223 

1,418,926 

3,946,957 

6,140,593 

15,546,118 

15,991,348 

113,899 

302,344 

1,625,710 

4,865,079 

6,902,107 

17,948,220 

17,940,217 

397,173 

603,425 

3,569,168 

12,628,950 

18,311,317 

57,558,238 

61,150,358 

451,036 

683,678 

4,078,398 

15,996,225 

20,481,136 

67,328,295 

69,100,740 

TABLE 2 Operations and maintenance cost comparisons-2005 and 2009 

Capacity Cost-S 

I n  76 d 

2009 

Id 

2009 

id 

2009 

17 

2005 2005 Treatment Technology 

Alternate disinfectants 
Chloramine 
Chlorine dioxide 
W disinfection 
Ozone 

Organic removal technologies 
Granular activated carbon 

Nanofiltration 
Microfiltration/ul.hafiltration 

(annual exchange) 

2005 

31,538 

87,061 

66,755 

1,974,401 

709,287 

7,914,024 

3,301,730 

4,861 

21,217 

10,855 

91,862 

61,531 

133,392 

78,573 

11,333 

35,939 

22,908 

455,559 

227,710 

1,780,761 

786,427 

4,443 

18,571 

9,016 

76,470 

57,078 

112,309 

69,214 

13,528 

41,818 

26,871 

652,134 

251,037 

2,161,229 

902,132 

41,078 

102,220 

78,023 

2,906,241 

777,712 

9,684,873 

3,800,074 

TABLE 3 Annual costs (based on a IO-year life cycle)-2005 and 2009 

Capacity Cos t4  

I id Yd 

2009 

l m  

2005 

1 7 ,  

2005 

76 r 

2005 2009 2009 Treatment Technology' 

Alternate disinfectants 
Chloramine 
Chlorine dioxide 
W disinfection 
Ozone 

Organic removal technologies 
Granular activated carbon 
(annual exchange)? 

Nanofiltration 
Miaofiltration/ultrafiltration 

9,800 

22,600 

40,200 

156,900 

135,500 

203,000 

228,700 

11,122 

25,970 

46,791 

189,359 

147,900 

239,126 

257,218 

21,210 

62,700 

164,800 

850,300 

841,100 

3,326,000 

2,385,000 

24,918 

72,052 

189,442 

1,138,642 

941,248 

3,956,051 

2,696,154 

70,800 

147,300 

423,700 

3,237,000 

2,539,000 

13,660,000 

9,420,000 

86,182 

170,588 

485,863 

4,505,864 

2,825,826 

16,417,703 

10,710,148 

'Additional.details regarding each treatment technology are available from the author upon request. 
?Recent developments regarding the custom reactivation of activated carbon would result in decreases of approximately 20% in the operations and maintenance costs 
for that technology versus what is shown in Tables 2 and 3 for 2009. 
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Nanofiltration and reverse osmosis. 
These higher-pressure membrane 
processes are well known for the 
extremely high purity they are capa- 
ble of producing. Operating at 90 
psi, nanofiltration has a nominal 
pore size of 0.001 pn. 

Advantages. Effective for water 
softening; effective for microbe 

removal; shown to achieve SO-90% 
removal of total organic carbon, 
depending on its molecular size, 
shape, chemical characteristics, and 
ionic character. 

Disadvantages. Very expensive 
technology; prone to fouling in sw- 
face water treatment; no more effec- 
tive for microbe removal than ultra- 

filtration; adsorption of organics by 
the membrane can be irreversible and 
decrease membrane life; significant 
wastewater volume to be treated. 

Enhanced oxidation. Using UV light 
in combination with hydrogen perox- 
ide or ozone, this technology serves 
to destroy much of the NOM by 
breaking chemical bonds between the 

TABLE 5 2009 economic update 

Product/Service 

Accommodations 
Aluminum compounds 
Building Cost Index (NAICS 235221) 
Building Cost Index (Turner) 
Capital equipment 
Chemical and allied products 
Chlorine, sodium hydroxide, and other alkali 
Concrete ingredients and related products 
Electric machinery and equipment 
Employee compensation per hour (private industry) 
Engineering and scientific instruments 
Engineering services 
Environmental controls 
General purpose machinery and equipment 
Heavy equipment leasing 
Industrial chemicals 
Industrial commodities 
Industrial electric power 
Industrial natural gas 
Inorganic acids 
Integrating and measuring instruments 
Legal services 
Lime 
Medical and diagnostic laboratories 
Metal and metal products (iron and steel) 
Metal valves (except fluid power) 
Miscellaneous general purpose equipment 
Natural sodium carbonate and sulfate 
No. 2 diesel fuel 
Potassium and sodium compounds (except bleaches) 
Process control instruments 
Pumps, compressors, and equipment 
Sodium hydroxide 
Steel pipe and tube 
Sulfuric acid 
Synthetic ammonia 
Transformers and power regulators 
Water treatment compounds 
Water treatment compounds 

N/A-not applicable, Q-quarter 

:ommodity Code 

721 
0613-0209 

N/A 
N/A 
N/A 
06 

0613-0302 
132 
117 

N/A 
1185 

54133 
1181 
114 

532412 
061 

N/A 
0543 
0553 

0613-0224 
1172 
5411 

0613-0213 
6215 
101 

1149-02 
1149 

0613-0301 
0573-03 

0613-021 7 
1182 
1141 

0613-0108 
1017-06 

0613-0232 
0652-0135 

1174 
325998-A 
0679-0961 

February 2005 Index 

129.1 
108.8 

100 (December 2004) 
655 

143.9 
186.4 

100 (June 2005) 
180.4 
113.4 

$24.17 (Ql, ZOOS) 
177.8 
103.0 
149.1 
165.9 
104.5 
179.2 
153.6 
148.0 
211.9 
79.7 
148.1 
137.1 
140.2 
104.2 
179.8 
186.9 
183.7 

99.8 (March 2005) 
149.5 
105.6 
162.2 
175.4 
145.9 
193.8 
166.7 
123.2 
145.2 
152.1 
168.4 

February 2009 Index 

139.7 
150.5 

130.7 (January 2009) 
866 

157.4 
228.4 
205.6 
236.2 
113.8 

$27.35 (Q4, 2008) 
193.1 . 
114.4 
159.7 
199.7 
117.3 
226.2 
170.9 
189.7 
235.3 

155.5 (November 2008) 
156.4 
164.6 
219.6 
108.3 
183.0 
245.4 
226.4 
174.7 
145.6 
289.1 
196.4 
212.8 

N/A 
206.6 

254.8 (November 2008) 
181.3 
205.9 
182.8 
181.9 

Increas+% 

8.2 
38.3 
30.7 
32.2 
9.4 
22.5 
105.6 
30.9 
0.4 
13.1 
8.6 
11.1 
7.1 

20.4 
12.2 
26.2 
11.3 
28.2 
11.0 
95.1 
5.6 

20.0 
56.7 
3.9 
2.8 
31.3 
23.2 
75.0 
-2.6 
173.8 
21.1 
21.3 

NIA 
5.0 
52.8 
47.2 
41.8 
20.1 
8.0 



concentrationss can produce higher 
brominated DBPs; adds inorganics 
(manganese, alumin- sulfate, chlo- 
ride, pnd sodium) to the water supply; 
may increase floc fragility. 

TREATMENT SYNERGIES 
ARE POSSIBLE 

The effectiveness of most of the 
treatment technologies will be limited 
in some regard because of the diverse 
nature of NOM. Combinations of 
treatment technologies may prove to 
offer significant advantages in terms 
of cost-effective achievement of treat- 
ment goals. For example, combining 
the two technologies currently desig- 
nated as BAT (USEPA, 2001) may 
provide a significant benefit over their 
individual performance. 

Activated carbon adsorption is 
most effective for the portion of NOM 
composed of smaller-size organic 
compounds without charged func- 
tional groups (Desilva, 2000). Con- 
versely, enhanced coagulation is gen- 
erally considered to be most effective 
for the portion of NOM composed of 
large organic molecules with nega- 
tively charged functional groups 
(Uyak, 2007). By using a combination 
of technologies, the percentage reduc- 
tion of DBP precursor compounds 
can be increased and possibly main- 
tained for a longer duration. Combin- 
ing treatment technologies with an 

alternative disinfectant may be a 
course of action woah considering for 
many source water applications. 

CAPITAL AND OPERATING COSTS 
ARE CRITICAL CONSIDERATIONS 

In uncertain economic times, cap- 
ital and operating costs are vital con- 
siderations in the selectian.of best 
available control technologies. 
Although the specific capital costs for 
different technologies can differ 
greatly, general estimates have been 
used to account for project costs aside 
from the direct costs of the capital 
equipment. The past few years have 
seen significant cost increases, par- 
ticularly for commodity chemicals. 
Rapid international growth along 
with production capacity limitations 
have resulted in significant cost 
increases for most water treatment 
chemicals. Rising fuel and energy 
prices have added to chemical costs 
as well as transportation costs. Steel 
and other building materials costs 
have also risen during this period. 

In December 2005, USEPA pub- 
lished cost estimates (along with 
their component cost elements) for 
many of the treatment technologies 
that can be used to assess the cost of 
compliance with the Stage 2 DDBPR 
(USEPA, 2001). These estimates, 
which include both capital and oper- 
ating costs, are summarized in Tables 

TABLE 7 Operations and maintenance cost factors and  cost escalators 

Cost Factor (Operations 
& Maintenance) 

Chemicals (activated carbon) 
Chemicals (antiscale) 
Chemicals (chloramine) 

Chemicals (Clod 
Electriaty 
Labor 

Maintenance materials 
P a N  

' . Performance monitoring 
Tank lease 

Escalator (Commodity Code) 

Vendor quote 
Water treatment compounds (0679-0961) 
Synthetic ammonia (0652-0135) + chlorine 

Chlorine (0613-0302) 
Industrial electric power (0543) 
Employee compensation per hour (private 

Miscellaneous general purpose equipment (1149) 
Miscellaneous general purpose equipment (1149) 
Medical and diagnostic laboratory (6215) 
Heavy equipment lease (532412) 

(0613-0302) 

industry) 
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1 and 2, respectively; each table has 
been updated to also provide 2009 
costs for each parameter. A simple 
IO-year life cycle cost analysis for 
2005 (and updated here for 2009) is 
given in Table 3. USEPA'S 2005 cost 
elements are listed in Table 4. 

Using the cost escalations of the 
matching elements contained in the 
2005 USEPA publication, a revised 
set of projected capital and operat- 
ing costs for the respective technolo- 
gies was generated. As the 2009 data 
in Tables 1-3 show, taken as a whole 
these price differences do not change 
the comparative economics of the 
respective technologies. 

Capital costs include major equip- 
ment cost, pilot-testing, permitting, 
land cost, operator training, hous- 
ing, pipes and valves, instrumenta- 
tion and control, chemical addition 
systems, and on-line analyzers. As 
the major equipment is priced, gen- 
eral additions are included for initial 
budgeting. Typically, the following 
can be assumed: 

* add 20% for site work ahd 
installation, 

* add 10% for electrical and in- 
strumentation and control (more if 
full automation is needed), 

0 add 20% for engineering and 
adqinistration, and 

*"add 20% for contingencies. 
Initial operations and maintenance 

costs (labor, power, maintenance 
materials, performance monitoring, 
media replacement, chemicals) can 
be estimated by using the estimates 
for annual chemical costs and power 
costs for major equipment and by 
adding 3 % of capital cost for annual 
materials, labor, and maintenance. 

Over the past few years, there have 
been several changes in costs for both 
products and services. Calculated 
from US Bureau of Labor Statistics 
data, values for products, services, 
and cost indexes for both 2005 and 
2009 are shown in Table 5 .  

In the nearly five-year period since 
the initial development of USEPA's 
cost estimates, some capital and 
operating costs have changed sig- 
nificantly. The largest price increases 
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