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Executive Summary 

MCBAINE WTP PRELIMINARY DESIGN REPORT 
 

The McBaine Water Treatment Plant (WTP) Preliminary Design Report provides a thorough 
analysis of the existing facilities and provides recommendations regarding the most 
effective means to expand the facilities to achieve compliance with current and anticipated 
future regulatory requirements. Although the report does provide an assessment of the 
ability of the McBaine WTP process to handle other potential source water supplies, it does 
not include an assessment of the adequacy of the existing source water supply or potential 
alternatives source water supplies that will be required to supply an expanded facility. 
Similarly, it does not include an assessment of the distribution system improvements that 
must be implemented to ensure how the expanded capacity will be distributed to areas of 
future growth in water demands.  

A summary of the findings, conclusions, and recommendations of the McBaine WTP 
Preliminary Design Report are provided herein. The findings consist of recommendations 
for the best engineering solutions for expansion of the McBaine WTP from its current rated 
capacity of 32 mgd to 60 mgd to satisfy projected water demands through 2028 and 
achieve compliance with current and future regulations. The additional cost to provide a 
higher level of treatment to remove contaminants of emerging concern (CEC’s), other 
potentially unknown compounds, and maintain the ability to utilize free chlorine within the 
distribution system are also presented. However, the decision to proceed with this higher 
level of treatment is a matter of public policy rather than one based on satisfying current 
and anticipated regulations.  

ES.1 BACKGROUND 

E S .1.1 

The McBaine WTP was originally designed in 1970 at a capacity of 16 mgd and has 
expanded to the current rated capacity of 32 mgd in a series of 8 mgd expansions 
conducted in 1994 and 2008. Figures ES.1 and ES.2, present a schematic and layout of the 
current treatment process, respectively. The existing treatment consists of aeration for iron 
removal and water stabilization, partial softening for hardness removal in a two stage 
process, chlorine disinfection for virus inactivation, fluoride addition, multi-media filtration to 
remove turbidity, and ammonia addition to form monochloramine to utilize as a residual 
disinfectant in the distribution system . The high service pumps transfer finished water to 
the distribution system via two 36-inch pipes which serve all Columbia Water and Light 
customers and supply the ASR wells during low demand periods. 

Existing Facilities 
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E S .1.2 

With significant input from Columbia Water and Light Department staff, the following drivers 
were identified for the project: 

Project Drivers 

Satisfy Future Growth: The recently completed 2008 Long Range Water System Study for 
Columbia Water and Light identified the need for expanded treatment capacity in place 
sometime between 2016 and 2018 with a goal to provide 60 mgd of treatment capacity by 
2028. 

Source Water Reclassification: A scientific investigations report conducted by the USGS 
entitled Groundwater Flow 2004-07, and water quality 1992-2007, in McBaine Bottoms, 
Columbia Missouri raised concerns regarding the potential reclassification of the existing 
McBaine bottoms wellfield supply from its current “groundwater” status to a “groundwater 
under the direct influence of surface water” status. The reclassification could have a 
significant impact on the existing McBaine WTP process, as the regulations governing such 
a source water classification are significantly different from those for a “groundwater” 
facility. 

Existing and Future Source Water Quality: 

In the past decade, several studies have been published showing CEC’s can and will occur 
in surface and groundwater globally and in the State of Missouri. Because the study of the 
human health impacts of these extremely low levels of CEC’s is in its infancy, there is no 
level of certainty regarding when, if ever, (and to what extent) any of these compounds will 
be regulated in drinking water supplies. However, the public perception that such 
compounds exist in drinking water supplies and whether or not “something must be done” is 
a public policy decision rather than an engineering decision simply because the science to 
determine the health impacts of CEC’s (and the subsequent means to set regulatory levels 
for these compounds) currently does not exist.  

The same scientific investigations report 
conducted by the USGS revealed the prescience of previously undetectable levels of 
several known anthropogenic compounds which are currently classified by the regulatory 
community as “Contaminants of Emerging Concern” (CEC’s) in the USGS monitoring wells 
located in the McBaine bottoms. Recent advances in analytical techniques have now permitted 
the detection and quantification of trace levels (one in one trillion) of anthropogenic compounds 
generally classified in three subcategories: Endocrine Disrupting Compounds (EDC’s), 
Pharmaceuticals, and Personal Care Products (PCP’s).  
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E S .1.3 

Given the project drivers, the Columbia Water and Light Department established the 
following goals for the Preliminary Design Report: 

Project Goals 

• Provide recommendations for expansion of the McBaine WTP treatment capacity to 
satisfy projected water demands based upon the 2008 Long Range Water System 
Study for Columbia Water and Light without the need for water use restrictions. 

• Provide recommendations to modify the existing McBaine WTP and/or treatment 
processes necessary to satisfy the requirements of existing and future anticipated 
regulations. 

ES.2 MCBAINE WTP EVALUATION RESULTS 
As part of the preliminary design process to improve and expand the McBaine WTP, a 
series of evaluations were conducted to determine the restrictions to achieving the capacity 
and treatment goals set for the project. These consisted of regulatory, hydraulic, and 
process evaluations. The results of these evaluations are summarized in the paragraphs 
below: 

E S .5.1 

The main purpose of the regulatory evaluation is to summarize the potential current and 
future regulations applicable to the McBaine WTP (classified as a GWUDI), determine the 
finished water quality goals for the facility, and evaluate the performance of the existing 
facility with respect to these goals. Table ES.1 lists the finished water quality goals and the 
current treatment capabilities of the McBaine WTP to meet these goals as determined by 
the Regulatory Evaluation. 

Regulatory Evaluation 

 

Table ES.1 Finished Water Quality Goals for Expansion 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Treatment Process 

Status Comments 
GWUDI Compliance    

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Historical filter 
performance 
inadequate to meet 
goals. 

Not Effective 
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Table ES.1 Finished Water Quality Goals for Expansion 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Treatment Process 

Status Comments 
Giardia 
Inactivation 

>2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Due to Filter turbidity 
requirements and 
current Design 
Disinfection 
inadequate for 
0.5 log inactivation 
for all flows at 
coldest recorded 
temperatures 
including potential 
collector well 
temperatures (5 C). 

Not Effective 

Virus Inactivation > 

> 4.0 log inactivation 
through Disinfection 
(GW Rule) 

2.0 log removal 
through filters 

> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Due to Filter Effluent 
Turbidity 
requirements. 

Not Effective 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process 
through co-
precipitation with 
iron and CaCO3 
removal adequate. 

Disinfection By 
Products 

   

TTHM1 < Compliant 40% µg/L With current use of 
chloramines 

HAA51 < Compliant 30% µg/L With current use of 
chloramines 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3-) <5 µg/L Compliant  

Chlorite (ClO2-) < 0.4 mg/L Compliant  
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Table ES.1 Finished Water Quality Goals for Expansion 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Treatment Process 

Status Comments 
Finished Water 
Stability 

   

pH 8.5 – 9.0 s.u Compliant  

CCPP 4-10 mg/L Unknown  

LI Slightly Positive Unknown  

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics    
Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Unknown  

Fluoride 0.8-1.0 mg/L Compliant  
Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 

150 mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most 
CEC”s 

Existing process 
(free chlorine 
contact) not as 
effective as other 
technologies 

Not Effective 

NDMA ND Compliant Sampling of NDMA 
during 
chloramination 
indicates free 
chlorine contact time 
oxidizes constitutes 
on reaction pathway 
between 
chloramines and 
NDMA. 

Note
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

: 
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E S .5.2 

The main purpose of the hydraulic evaluation is to determine the hydraulic limitations or 
“bottlenecks” to expansion of the existing facilities. The results of the evaluation indicated 
that improvements to the basin influent and filter influent piping would be required to 
expand the facility beyond its current hydraulic capacity of 32 mgd. 

Hydraulic Evaluation: 

E S .5.3 

The main purpose of the process evaluation is to determine the process limitations to both 
expansion and production of a water that satisfies the water quality goals established in 
Table ES.1. The major conclusions of the process evaluation are as follows: 

 Process Evaluation: 

• The existing process has underutilized capacity in the existing softening basins. 
Conversion from two-stage to single-stage softening will expand the capacity from  
32 to 64 mgd without the need for new concrete structures or basins (See 
Figure ES.3). 

• The existing process has underutilized capacity in the existing multimedia filters. 
Expansion of the filtration process from 32 mgd to 45.5 mgd is possible without the 
need for new concrete structures or basins. 

• The design of the equipment within the existing primary and secondary basins in 
Treatment Trains No. 1 through No. 3 are inadequate to produce a water that can 
comply with the GWUDI turbidity requirements and must be replaced with more 
robustly designed equipment constructed of stainless steel to satisfy these 
requirements and the State requirements for single stage softening. 

• The design of the existing filters (No. 1 through No. 8) is inadequate to produce a 
water that can comply with the GWUDI turbidity and pathogen inactivation 
requirements and must be modified to comply with these requirements. 

• The current process does not provide sufficient disinfection to satisfy the pathogen 
inactivation requirements for Giardia.  
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ES.3 TREATMENT ALTERNATIVES EVALUATION 

E S .3.1 

A systematic decision-making process was used to facilitate stakeholder input and remove 
bias. This process consisted of conducting a series of workshops with identified 
stakeholders using a complex, decision making, computer software, to define the decision 
and decision making criteria, evaluate and screen initial treatment alternatives based upon 
this criteria, identify data gaps, and conduct a final ranking and analysis of shortlisted 
treatment alternatives. The process encourages stakeholder involvement and endorsement, 
decision transparency, and defensible recommendations. In addition to cost, the decision 
process considered three primary non-economic criteria: 1) Constructability, 2) Public 
Acceptance, and 3) Operability. In many cases, data collection was required to accurately 
score each alternative. Data collection methods included water quality sampling, literature 
review, computer modeling, and bench scale testing. 

Decision Methodology 

E S .3.2 

The initial screening of thirteen process alternative identified the following six process 
alternatives as providing the best combination of economic and non-economic factors: 

Alternatives Evaluation  

• Alternative 1A - Current Softening with Granular Filters 

• Alternative 2A - Split Treatment with Current Softening with Granular Filters 

• Alternative 3B - GAC Filter Absorbers 

• Alternative 4B - Split Treatment with GAC Filter Absorbers 

• Alternative 3C - Ozone Biofiltration 

• Alternative 4C - Split Treatment with Ozone Biofiltration 

Table ES.2 on the following page provides a comparative summary of these alternatives. 
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Table ES.2 Summary of Final Alternative Rankings 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Alternative Description 

CEC 
Reducti

on 

Ability to 
Use Free 
Chlorine 

Ease of 
Permitting 
with State 

Maintenance 
of Plant 

Operations 

Ability to 
communicate 

with Public 

Cost Differential 
(millions) 

Capital 
Cost 

Life 
Cycle 
Cost 

Alternative 1A Partial Softening 
with Chloramines - - + + + + - - $0.0 $0.0 

Alternative 2A Split Treatment 
With Chloramines - - + + + - - $1.1 $4.12 

Alternative 3C Partial Softening 
with Ozone/BAF + + + - - - + + + $24.0 $29.90 

Alternative 4C Split Treatment 
with Ozone/BAF + + + - - - + + + $25.2 $32.36 

Alternative 3B Partial Softening 
with GAC Filters + + - + + +  $20.0 $65.43 

Alternative 4B Split Treatment 
with GAC Filters + + - + + + $21.2 $69.00 

Note
(1) Scale : - - - Inferior, - - Less than, - Slightly Less , + + + Superior, + + Better, + Slightly Better   

: 
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ES.4 RESIDUALS ALTERNATIVES EVALUATION 
Figure ES.4 presents the results of the residuals development and evaluation provided in 
Chapter 6. Figure ES.4 indicates that the alternative involving discharge of sludge to the 
Missouri River permitted under the current and proposed design standards for facilities 
taking surface water or alluvial wells adjacent to the Missouri River is the most cost 
effective. 

Currently, no specific standards exist for the regulation of discharges of water treatment 
plant residuals to the “Navigable waters of the United States” under the clean water act. 
However, in cases such as these, the provisions of the clean water act [Section 
402(a)(1)(B)] allow for the establishment of a technology based standard to establish 
specific discharger waste stream effluent limitations. In other words, the discharging entity 
performs a comprehensive analysis of the environmental and economic impact of the 
proposed discharge and utilizes the “best engineering judgment” to set discharge limits for 
such applicable parameters as pH and total suspended solids. 

Under the Missouri DNR existing (2003) and proposed (2010) water treatment plant design 
guides, facilities operating with either Missouri or Mississippi River surface water or alluvial 
well supplies hydraulically connected to the Missouri or Mississippi River may discharge 
“suspended solids present in the water and are removed during treatment and any 
suspended solids resulting from the treatment of the water” into the Missouri/Mississippi 
River. Although permitted by the state, the USEPA has historically not renewed the existing 
permits for those utilities(Kansas City, MO, St. Louis, MO, etc.) currently discharging lime 
treatment residuals under this State statute. However, recent developments have led the 
EPA to renew these permits and issue any new permits under the technology based 
standards defined by the Clean Water Act. In these cases, the discharging entity performs a 
comprehensive analysis of the environmental and economic impact of the proposed 
discharge and utilizes the “best engineering judgment” to set discharge limits for such 
applicable parameters as pH and total suspended solids. 
  



$0 

$5,000,000 

$10,000,000 

$15,000,000 

$20,000,000 

$25,000,000 

River Disposal Municipal Landfill Land Apply Monofill 

Capital Cost  Present Worth Cost 
Figure  ES.4 Summary of Residuals Alternatives 

Evaluation 
Executive Summary 

McBaine Water Treatment Plant Preliminary Design 
Columbia Water and Light 



 

December 2012 - FINAL ES-14 
pw://Carollo/Documents/Client/MO/Columbia/8407A00/Deliverables/Executive Summary 

ES.5 RECOMMENDATIONS AND COST OPINIONS 

E S .5.1 

Figure ES.5 provides a conceptual schematic of the recommended treatment alternative 
(Alternative 1A). This alternative is recommended because it provides the greatest 
cost/benefit ratio developed as part of the decision analysis process described above. This 
recommendation is based upon sound engineering principles and judgment regarding the 
minimal potential for regulation of most CEC’s in the near or intermediate future (i.e., next 
10 years) given the lack of any sound scientific data upon which to base regulatory limits. 

Treatment Process 

Higher costs treatment alternatives are available that are more effective at removing these 
alternatives but whether these are implemented is a matter of public policy rather than 
determination through any engineering evaluation. Consequently, an implementation 
roadmap (See Figure ES. 6) has been developed for the treatment process which takes into 
consideration the potential influence a public policy may have on the decision to move 
forward with the recommended treatment alternative.  

Table ES.3 provides the recommended project phasing and associated cost opinions (in 
September 2010 dollars) for the recommended alternative. 
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Table ES.3 Recommended Project Phasing Alternative 1A Implementation 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Element 
Total Cost 
(Millions) Priority Category Cost (millions) 

Studies  1 2 3 4 
Condition Assessment $0.15 $0.15 ‘- ‘- ‘- 

Nitrification Action 
Plan $0.10 $0.10 ‘- ‘- ‘- 

Deep Bed Filter Pilot 
Study 

Performed by 
Columbia ‘- ‘- ‘- ‘- 

Full Scale SCC Study Performed by 
Columbia $0.00 ‘- ‘- ‘- 

Full Scale Filter Study Performed by 
Columbia ‘- $0.00 ‘- ‘- 

Design and Construction     

Condition 
Improvements Unknown UNK UNK UNK UNK 

Aeration $3.70 ‘- $3.00 $0.70 ‘- 

Solids Contact 
Clarifiers $12.0 ‘- $2.50 $3.50 $6.00 

Existing Filters $2.60 ‘- $2.60 ‘-  

Lime System $1.70 $0.20 ‘- ‘- $1.50 

Ferric Sulfate & 
Polymer System $0.60 ‘- $0.60 ‘- ‘- 

Carbon Dioxide 
System $1.20 ‘- $1.20 ‘- ‘- 

Deep Bed Filtration $24.10 ‘- ‘- ‘- $24.10 

Clearwell $8.20 ‘- $8.20 ‘-  

High Service Pumping $11.00 ‘- ‘$7.50 $1.20 $2.30 

Total $65.35 $0.45 $25.60 $5.40 $33.90 
Notes
(1) All costs in September 2010 dollars. 

: 

(2) Costs associated with rehabilitation and repair are not included but could be significant.  
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E S .5.2 

Figure ES.7 provides an implementation “road map” developed to guide near term project 
activities with the understanding that the decision as to whether or not the McBaine WTP 
will discharge solids to the Missouri River as part of any expansion project. As detailed in 
Figure ES.7, the first step is to assess whether the decision regarding direct discharge to 
the Missouri River is ready to be made. If it is, then Columbia should begin the BPJ 
permitting process for direct discharge to the Missouri River. If not, then Columbia should 
begin the process for the next lowest cost alternative (i.e., Monofill).  

Residuals Handling and Disposal 

Table ES.4 the recommended project phasing and associated cost opinions (in September 
2010 dollars) for the recommended alternative. 
 
Table ES.4 Recommended Phasing for Residuals Handling Alternatives 

McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Element Total Cost (M) Phase Category Cost ($M) 
Studies I II OR II III 

BJP Permit  $0.50 $0.50 ‘-  ‘- ‘- 

Monofill Permit  $0.25 ‘- ‘$0.25  ‘- ‘- 

Thickening Bench 
Scale Tests 

Performed by 
Manufacturer $0.00 ‘-  ‘- ‘- 

Design and Construction 

Condition 
Improvements Unknown UNK UNK  UNK UNK 

Lagoon Dewatering 
Improvements  $0.75 ‘$0.75 ‘- OR ‘- ‘- 

Pump Station $4.3 $3.50 ‘- OR ‘- ‘- 

Discharge Line $2.85 - ‘- OR $2.85 ‘- 

Thickeners $2.5 $1.50 ‘- OR  $1.0 

Subtotal (PS) $9.2 $5.75 ‘- OR $2.85 ‘- 
Dewatering 
Centrifuge Facilities $11.86 ‘- $8.86 OR ‘- $2.0 

Monofill $6.5 ‘- $6.0  ‘- $0.5 

Subtotal Monofill $18.36 $0.00 $14.86  $0.00 $3.5 
Notes
(1). All costs in September 2010 dollars. 

: 

(2) Costs associated with rehabilitation and repair are not included but could be significant.  
(3) Phase III costs only necessary if direct discharge permit economically infeasible or unable to 

attain. 
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Chapter 1 - Introduction 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

1.1 EXISTING SYSTEM 
The City of Columbia (City) owns and operates a municipal water treatment utility that 
supplies water to approximately 44,000 customers in and around the City. The City’s 
existing water system consists of a 15 well ground water well field, one water treatment 
plant with 32 mgd capacity, approximately 650 linear miles of distribution lines, 5 mg of 
elevated water storage towers, 9 mg of ground reservoirs, two ASR wells with a total of 
4 mgd capacity and four pump stations.  

Figure 1.1 presents a schematic of the existing 32-mgd McBaine Water Treatment Plant 
(McBaine WTP). The plant has four 8 mgd each utilizing an aerator, lime softening with a 
primary and secondary settling basins and two filters with gaseous chlorine disinfectant. 
Conveyance from the treatment plant is from eight 300 hp high service vertical turbine 
pumps discharging through two 36-inch transmission mains. 

1.2 SUMMARY OF PROJECT DRIVERS 

1.3 CAPACITY – 2007 WATER MASTER PLAN 
In 2007, Columbia Water and Light completed an update to its Water Master Plan. The 
master plan included population and water demand projections through 2028. The historical 
demand projections were determined for the following water demand categories: 

• Residential  

• Commercial 

• Large Commercial 

• Master Meter 

• Irrigation Only 

Several different “growth scenario” demands were determined based upon the following:  

• Baseline Scenario – Growth rates similar for all water demand categories similar to 
historical ten-year average values. 

• High Growth Scenario – Growth rates for all water demand categories are higher than 
historical ten-year average values. 

• Low Growth Scenario – Growth rates for all water demand categories are lower than 
historical ten-year average values. 
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Figure 1.2 provides a summary of these water demand projections from the 2007 Water 
Master Plan. Figure 1.2 indicates that based upon the current water treatment plant 
capacity (32 mgd) and the ASR well capacities (4 mgd), Columbia Water and Light’s current 
facilities (excluding supply wells) will be unable to satisfy these demands anytime between 
2013 and 2020 depending upon the projected growth scenario. 

Based upon these results, the 2007 Water Master Plan recommended that additional 
treatment capacity be in place sometime between 2016 and 2018. Recent updates to the 
water demand projections conducted by Columbia Water and Light Staff in 2010 indicate 
demands have slowed and additional capacity will not be required prior to 2020. However, 
preliminary planning regarding how this additional capacity will be provided should be 
completed to develop the proper budget level planning for additional capacity.  

1.4 SOURCE WATER RE-CLASSIFICATION 
A scientific investigations report conducted by the USGS entitled Groundwater Flow 2004-
07, and water quality 1992-2007, in McBaine Bottoms, Columbia Missouri i

Figure 1.3 presents the water table elevations in the McBaine Bottoms from August 20, 
2007. One of the major conclusions of this study was that the local groundwater gradient in 
the vicinity of the McBaine bottoms has shifted since the Eagle Bluff Conservation area 
wetlands were constructed. Prior to the installation of these wetlands, the lateral 
groundwater flow followed the direction of the Missouri River (i.e. from the municipal wells 
to the future site of the Eagle Bluff Conservation area). The report concluded that following 
the installation of the wetlands, lateral ground-water flow changed from this natural state to 
a state dominated by the presence of a persistent area of ground water high level beneath 
the Eagle Bluffs conservation area and the presence of a cone of depression centered 
around the City of Columbia well field. In other words, the installation of the wetlands 
caused a localized “mound” of groundwater level shifting the predominant lateral ground-
water flow direction from the wetlands to the municipal well field.  

presented a 
summary of the groundwater quality data, surface-water quality data, and water level data 
in the McBaine Bottoms. This report describes the ground-water flow and water quality of 
McBaine Bottoms and provides information to better understand the interaction between 
treated effluent from the wetlands used on the Eagle Bluffs Conservation area and the 
water in the alluvial aquifer that is pumped from the City of Columbia municipal supply well-
field.  
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Figure 1.4 presents the chloride concentration in select municipal groundwater wells from 
1999 through 2007. As evidence for this change of groundwater flow, the study pointed to 
changes in several major chemical constituent concentrations, most notably chloride, 
shortly after the beginning of the operation of wastewater treatment wetland in 1994 and the 
formation of the Eagle Bluffs Conservation Area, which uses the treated wastewater effluent 
as a water source for management of migratory water fowl. 

The chemical behavior of chloride is neutral. Chloride ions generally do not enter in 
oxidation-reduction reactions, form no important soluble complexes with other ions (unless 
chloride concentration is very high), and play few vital biochemical rolesii

Prior to the installation of the wetlands, the report predicted that chloride concentrations 
from precipitation, the Missouri River and the water within the alluvial aquifer were less than 
40 mg/L. As indicated by Figure 1.4, since the installation of the wetlands, the chloride 
concentration in the municipal and monitoring wells closest to the Eagle Bluffs Conservation 
area and the wetland treatment cells have increased to levels above 40 mg/L. The report 
concluded that the source for the large chloride concentrations is the wetlands effluent 
mixed with the alluvial aquifer and Missouri River water. Based upon changes in other 
water quality constituents, the relative percentage of treated effluent in the ground water, 
assuming chloride is conservative, ranged from 6 to 88 percent.  

. As a result, 
physical processes control the migration of chloride within the groundwater and it is typically 
used as a conservative estimate of contaminant plume tracking and definition in 
groundwater modeling. Chloride can occur in ground water naturally, but is also found 
throughout Missouri as the result of human activities. The principal natural source of 
chloride in ground water is seawater trapped within the rock matrix. Several anthropogenic 
sources exist as well, including the salts used on roads for deicing and dust control, and 
water softeners. 

The extent of the anthropogenic impact from the Eagles Bluffs Conservation area is an 
issue that must be resolved between governmental entities, environmental groups, and the 
City of Columbia. It is not the intent of this report to draw any conclusions regarding 
whether these anthropogenic sources exist. However, this issue could trigger 
reclassification of the McBaine wellfield from a groundwater to groundwater under the direct 
influence of surface water (GWUDI). As a result, the Columbia Water and Light Department 
would like to determine the impacts of the reclassification of the source water as a GWUDI 
and eventually move forward to treat water from the McBaine wellfield in a manner that 
would conform to the requirements of a GWUDI treatment facility. 
  



Figure 1.4 – Chloride Concentration Select GW 
Production Wells (1999-2007) 
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1.5 CURRENT AND FUTURE SOURCE WATER QUALITY 
In a 1996 reportiii

• Wellfield expansion near the existing McBaine Wellfield. 

, the Columbia Water and Light Department evaluated the following 
potential future water supply sources: 

• Wellfield expansion in the Eagle Bluffs Conservation area. 

• Wellfield expansion across the Missouri River near the Overton Bottoms. 

• Expansion of the bedrock aquifer wellfield and the use of ASR as a means to supply 
peak day demands. 

• Missouri River Surface water. 

The conclusion of this study indicated that the most cost effective expansion of the raw 
water supply would be to drill additional vertical wells within the McBaine Bottoms at the 
current 2,600 ft spacing and greater than 200ft from the banks of the Missouri River. 
Additional capacity would be realized by further expansion within the McBaine Bottoms by 
drilling vertical wells at 1,300 ft spacing.  

However, plans to drill additional vertical wells in the existing McBaine bottoms have been 
placed on holdiv

It is understood that given the difficulty in continued development of the McBaine Bottoms, 
that source water expansion plans could include installation of horizontal collector wells in 
the North portion of the McBaine Bottoms or the Overton Bottoms. The installation of 
collector wells can impact the processes at the McBaine Treatment facility in the following 
manner: 

 until a thorough understanding of the treatment issues associated with the 
potential influence of the wetlands on the raw water supply are better understood.  

1.5.1 Source Water Classification: 

The surface water treatment rule (SWTR) defines a groundwater under the direct influence 
of surface water (GWUDI) as any water beneath the surface of the ground with: 

1. Significant occurrence of insects or other macroorganisms, algae or large-diameter 
pathogens such as Giardia lamblia, or 

2. Significant and relatively rapid shifts in water characteristics such as turbidity, 
temperature, conductivity, or pH which closely correlate to climatological or surface 
water conditions." 

"Under the direct influence of surface water" means the groundwater source is located 
close enough to nearby surface water, such as a river or lake, to receive direct surface 
water recharge. Since a portion of the groundwater source's recharge is from surface water, 
the groundwater source is considered at risk of contamination from pathogens such 
as Giardia lamblia and viruses, which are not normally found in true groundwaters. 
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Sources most likely to be under the direct influence of surface water are: 

• Infiltration galleries and Ranney wells located near surface waters. 

• Poorly constructed springs. 

• Shallow wells located near surface waters. 

The Missouri DNR considers all infiltration galleries, Ranney wells, springs, and wells less 
than 50 feet deep located within 200 feet of surface water as potential GWUDI sources. 

A water system may either conduct a hydrogeologic investigation or use the water quality 
monitoring (WQM) method to determine whether the potential GWI source is hydraulically 
connected to nearby surface water. The hydrogeologic investigation requires a licensed 
geologist; the water quality monitoring method does not. 

The WQM method requires one year of weekly measurements of temperature and 
conductivity (or other parameters) at both the source and the surface water. The purveyor 
must arrange for statistical analysis of the data to determine if there is a correlation 
between source measurements and surface water measurements. If either the WQM 
method or a hydrogeologic investigation indicate a hydraulic connection, the source is 
designated as a groundwater in hydraulic connection with surface water, requiring 
disinfection and microscopic particulate analysis (MPA). For an MPA, the water system 
collects a sample of source water and sends the sample to a laboratory for a microscopic 
particulate analysis. If certain numbers or types of surface water organisms are found in the 
groundwater samples, the source is designated to be under the direct influence of surface 
water. Such sources are classified as GWI and are subject to the Surface Water Treatment 
Rule. 

This classification is very site specific. For instance, a recent water quality monitoring studyv

As a result, any plans to include a future horizontal collector well supply should include the 
potential for classification of this supply as a GWUDI and, correspondingly, the costs to 
expand the McBaine WTP to handle this source water with this classification. 

 
conducted for the City of Independence, MO by the U.S. Geological Survey (USGS) was 
utilized to obtain a groundwater classification for the City of Independence horizontal 
collector well based upon the absence of any trends in water quality between the Missouri 
River and the collector wells. On the other hand, Figure 1.5 provides one year of water 
temperature modeling at the City of Olathe Horizontal Collector well No.3. This data 
indicates a significant impact of the Kansas River water on the temperature of the collector 
well when compared to the vertical wells.  

  



Figure 1.5 – Seasonal Variability in Temperature 
for Olathe, KS Collector Well No. 3 
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1.5.2 Source Water Quality 

Another means a collector well can impact the treatment processes at the McBaine WTP is 
differences in source water quality. Table 1.1 presents a summary of the differences in key 
water quality parameters between the McBaine wellfield and the Missouri River. This table 
indicates that, on average, the Missouri River has less hardness and iron/manganese than 
the McBaine wellfield but experiences greater seasonal variability in these parameters. As a 
result, a horizontal collector well installed near the Missouri River, may produce a raw water 
quality with lower hardness and iron/manganese than the current vertical wells. Figure 1.6 
presents a comparison of the water quality from the vertical wells to the horizontal collector 
wells for the City of Olathe, KS.  
 
Table 1.1 Comparison of Key Water Quality Parameters 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Units 
Range – McBaine 

Wellfield 
Range – Missouri 

River3 

Turbidity  NTU 20- <12 5000-17 

Temperature  oC 17.5 – 10.71 32-3 

pH  s.u. 7.35-6.391 8.76-8 

TOC  mg/L 3.53-1.011 5-2 

Ammonia as N 0.71-0.122 0.28-0.10 

Fluoride as F 0.35-0.152 0.621-0.26 

Alkalinity (mg/L as CaCO3) mg/L as 
CaCO3 

500-1881 219-121 

Hardness, Total mg/L as 
CaCO3 

534-2181 305-164 

Calcium mg/L as 
CaCO3 

265-1892 210-106 

Magnesium mg/L as 
CaCO3 

79-612 133-42 

Iron (total) mg/L 14.2-2.81 0.1-ND 

Manganese (total) Mg/L 1.33-0.1972 ND 

Conductivity µS/cm 1072-5511 835-425 

Data based upon annual well grab samples from 2000 to 2007 (wells 1-15). 
Notes:  

Data based upon well grab samples from CY 2008. 
na = not available. 
Data Based upon Raw Water influent 2006 for Missouri American Water Central County Plant. 



Figure 1.6 – Comparison of Vertical and 
Horizontal Collector Water Quality (Olathe, KS) 
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The determination of the future water quality is outside the scope of this report, and, as a 
result, the recommended improvements are based upon the continued treatment of raw 
water of a quality defined by the current available data. However, it will be pointed out in the 
text which process alternatives provide more flexibility to treat varying water qualities. For 
example, the variation in the temperature extremes of a potential collector well can have 
implications on disinfection compliance, as the potentially colder water will require either 
higher chlorine doses or more hydraulic detention time to achieve the same level of 
disinfection. 

1.6 PROJECT APPROACH – SCOPE 
The main goals of the Preliminary Design Report for the McBaine Water Treatment Plant is 
to provide recommendations for the following: 

• Expanding the treatment capacity to satisfy projected water demands based upon the 
2008 Long Range Water System Study for Columbia Water and Light without the 
need for water use restrictions. 

• Modifications to the existing McBaine WTP and/or treatment processes necessary to 
satisfy the requirements of existing and future anticipated regulations. 

The scope of work includes initial workshops with the Columbia Water and Light 
Department to utilize a decision analysis model to identify and screen potential alternatives 
to establish a shortlist of up to three (3) viable treatment expansion alternatives and up to 
two (2) viable residuals disposal alternatives for further analysis. Included with these 
investigations is the identification of the data gaps and the desktop and bench top testing 
necessary to secure this data.  

The scope also includes a series of evaluations of the existing McBaine WTP to identify 
impacts of current and anticipated future regulations, process limitations to expansion, and 
hydraulic limitations to expansion. Utilizing the data and information provided by these 
evaluations, alternatives were developed to the detail necessary to further refine the 
decision process; define constructability, schedule, and construction sequencing issues; 
and generate capital, operation, and life cycle costs. 

Utilizing the information collected in the previous tasks, the decision analysis model was 
updated, evaluation criteria updated to include both monetary and non-monetary factors, 
and the final decision analysis modeling was conducted to produce a recommended 
alternative.  

1.6.1 Regulatory Evaluation – Chapter 2 

Chapter 2 presents the results of the regulatory evaluation and provides a summary of the 
current and anticipated future state and federal drinking water regulations and the potential 
impact of these regulations on the processes at the McBaine WTP. A review of the current 
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and anticipated water quality regulations that may impact the choice of treatment 
technologies for the plant expansion was completed.  

Finished water quality goals for the McBaine WTP were established and the performance of 
the existing treatment processes was evaluated. Deficiencies were identified and a list of 
operational modifications and/or new treatment technologies to correct these deficiencies 
was provided.  

1.6.2 Process Evaluation – Chapter 3 

Chapter 3 of this report contains a process evaluation of the McBaine WTP, which provides 
a summary of the current treatment processes and evaluates the performance of the 
existing facilities in meeting current and future water quality goals and complying with 
applicable drinking water regulations (including potential GWUDI compliance). The unit 
operations of the existing plant were evaluated to determine the potential for expansion 
from its existing rated capacity of 32 mgd to 60 mgd. An assessment of each unit process 
to produce water that complies with current and anticipated water quality goals was 
completed. Potential modifications to the existing treatment processes and/or addition of 
new unit processes to achieve increases in plant capacity were identified.  

1.6.3 Hydraulic Evaluation – Chapter 4 

Chapter 4 of this report contains a hydraulic evaluation to to identify limitations to an 
expansion of the McBaine WTP. A hydraulic profile across the treatment units was 
developed to assist in the identification of the improvements necessary for plant expansion 
from 32 mgd to 60 mgd. In addition, a field survey was completed to verify water surface 
elevations and affirm the accuracy of the computed profile.  

1.6.4 Treatment Alternatives Evaluation – Chapter 5 

Chapter 5 of this report contains an explanation of the techniques and model utilized to 
facilitate the decisions making process regarding the future treatment at the McBaine WTP. 
It discusses the methodology utilized to shortlist a select group of treatment alternatives for 
further development an analysis. In addition, a detailed analysis of the shortlist alternatives 
was conducted to determine the alternative(s) recommended for the expansion of the 
McBaine WTP. 

1.6.5 Residuals Alternatives Evaluation – Chapter 6 

Chapter 6 of this report contains a detailed analysis of the residuals handling and disposal 
alternatives for the current and projected future McBaine WTP processes. 
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1.7 CONCEPT CRITERIA 

1.7.1 Capital Cost Opinions 

The cost opinions expressed in this report were based upon December 2010 levels and 
were prepared utilizing the following estimating sources: 

• Unit costs for concrete, soil excavation, backfill/compaction, were based upon prior 
experience in estimating projects of this nature. 

• Means Cost Works 2010 Mechanical Cost Data. 

• Means Cost Works 2010 Electrical Cost Data. 

• Budgetary pricing from equipment vendors. 

The unit prices generated contain provisions for contractor and subcontractor overhead as 
well as profit. In addition, the capital cost opinions include provisions for engineering, 
administration, and legal fees that are associated with the alternatives. A variable percent 
project development allowance and a 20% construction contingency are included to reflect 
the level of detail associated with the cost opinions. The percentage utilized for the project 
development was dependent upon the level of comfort with each alternative. 

The generation of the capital cost opinions is based primarily upon Carollo’s experience 
and judgment as a professional consultant. The “order of magnitude” opinion for each 
alternative was developed for comparing the construction costs associated with each 
alternative. Since Carollo has no control over such factors as weather, cost and availability 
of labor, material and equipment, labor productivity, contractor’s procedures and methods, 
competitive bidding, market conditions or other factors affecting such opinions or 
projections, Carollo does not guarantee that the actual rates, costs, etc. will not vary from 
the opinions and projections developed herein. 

1.7.2 Life Cycle Costs 

“Order of Magnitude” level of life cycle costs for each alternative do not include any costs 
associated with operator training or certification that may be required by current or future 
regulations. These cost opinions were prepared utilizing the following estimating sources: 

• Prior experience in generating cost opinions for projects of this nature. 

• Power consumption information from manufacturer submittals. 

• Correspondence with plant staff regarding current levels of operation and 
maintenance costs associated with a particular system. 

• Correspondence with manufacturers regarding levels of operation and maintenance 
costs associated with particular equipment. 
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The life cycle cost analysis is based on the following parameters: 

Electrical Power: $0.06/kW-hr 

Electrical Demand Charge: $11.32/kW 

Discount Rate: 6.0% 

Useful life of Project: 20 years 

Labor Rate: $40/hr with fringes 

Plant Flow: Average annual rates as determined by Figure 1.7 

Where the source document provided actual cost data for a particular subcategory (i.e. 
maintenance costs), the costs were updated to 2010 values utilizing the relevant cost 
indices obtained from Engineering News Record. Chemical costs include transportation 
costs and are estimated based upon information obtained from chemical supply companies 
in the Columbia, MO area. Electric utility costs are based upon the projected future rate 
structure anticipated for the McBaine WTP. 

1.8 RAW WATER SOURCE AND QUALITY 
1.8.1 Current Source 

The City of Columbia originally used groundwater from deep bedrock wells located 
throughout the metropolitan area to supply customers with potable water. Declining water 
levels led the City to install a shallow alluvial well field in the McBaine Bottom in 1972. 
Three of the original deep bedrock wells continue to serve as emergency backup for the 
City’s water supply and have a combined capacity of 5.5 mgd. There are also three deep 
wells within the two former water districts that have a combined capacity of 2 mgd. The 
water from the deep wells is very hard and anticipated customer complaints if the deep 
wells are used for a sustained period of time.  

Figure 1.1 provides a schematic of the existing source water wellfield. The McBaine WTP 
currently obtains its raw water from shallow alluvial vertical wells in the McBaine Bottoms 
located west of the WTP and east of the Missouri River. The groundwater wells consist of 
15 separate wells, including seven well pairs. The City has three additional alluvial wells 
(16, 17, and 18) planned for construction within the next five years.  

Each well pair consists of two, 4-foot (ft) diameter wells about 100 ft deep with pumps rated 
at about 2,000 gallons per minute (gal/min), with a combined rated capacity of 32 mgd. 
Water from the wells is pumped through three miles of pipeline through a combination of 
12, 24, 36, and 48-inch raw water lines to the WTP.  

The City recently converted two of their deep wells (8 and 10) into Aquifer Storage 
Recovery (ASR) facilities, which allows the City to store treated water from the WTP at 
these locations during the off-peak demand periods. Each ASR has a capacity of about 
2 mgd.  
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Table 1.2 provides a summary of the range of raw water quality from historical data 
gathered both prior to and during the preparation of this report. 
 
Table 1.2 Historical Raw Water Quality (see Footnote for Years) 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Units 

Range 
Plant Influent 

Average 
Wells Influen

t 
Turbidity  NTU 20- <12 Na Na  
Temperature  oC 17.5 – 10.71 15-13 14  
pH  s.u. 7.35-6.391 7.4-7.1 7.2  

TOC  mg/L 3.53-1.011 2.54-
1.93 2.25  

Ammonia as N 0.71-0.122 Na Na  
Fluoride as F 0.35-0.152 Na Na  

Alkalinity (mg/L as CaCO3) mg/L as 
CaCO3 

500-1881 311-
280 295  

Hardness, Total mg/L as 
CaCO3 

534-2181 341-
308 323 341 

Calcium mg/L as 
CaCO3 

265-1892 249-
224 237  

Magnesium mg/L as 
CaCO3 

79-612 92-82 86  

Iron (total) mg/L 14.2-2.81 6.8-5.0 5.8  
Manganese (total) Mg/L 1.33-0.1972 Na Na  
Chloride mg/L 159-181 na Na  
Bromide mg/L  na Na  
Sulfate mg/L 121-482 na Na  
TDS mg/L 527-3902 na Na  
Conductivity µS/cm 1072-5511 na Na  
ORP  -46 to -1491 na Na  
SUVA  L/mg-m na na Na  
Notes:  
Data based upon annual well grab samples from 2000 to 2007 (wells 1-15). 
Data based upon well grab samples from CY 2008.  
na = not available. 

 

                                                
i Smith, B.J. and Richards, J.M, 2008, Groundwater flow, 2004-07, and water quality, 1992-2007, in 
McBaine Bottoms, Columbia, Missouri: U.S. Geological Survey Scientific Investigations Report 2008-
5182, 70p. 
ii Hem, J.D., 1985, Study and Interpretation of the Chemical Characteristics of Natural Water, 3rd 
Edition: U.S. Geological Survey Water-Supply Paper 2254, 249 p. 
iii Evaluation of Future Source Water Supply Sources (1996), Columbia Water and Light Department, 
CH2MHill. 
iv See City of Columbia City Council meeting minutes, June 2010. 
v Kelly, B.P., and Rydlund, P.H., Jr., 2006, Water Quality Changes Caused by Riverbank Filtration 
Between the Missouri River and Three Pumping Wells of the Independence, Missouri, Well Field 
(2003-05): US Geological Survey Scientific Investigations Report 2006-5174, 48 p. 
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Chapter 2- Regulatory Evaluation 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

2.1 INTRODUCTION 

2.1.1 Current Status of McBaine Source Water 

As previously discussed, the Columbia McBaine WTP obtains its source water from wells 
operating within the shallow alluvium deposits paralleling the Missouri River in McBaine, 
Missouri. Currently, this source water is classified as a “groundwater” supply by the 
Missouri Department of Natural Resources (MoDNR) due to the following characteristics: 

• Existing Well Design: 
– Well screen depths are > 50 ft below ground surface elevation. 
– All wells contain a surface sanitary seal. 
– Well casings penetrate a confining bed. A “confining bed” is a body of 

impermeable or distinctly less permeable material stratigraphically above the 
aquifer into which the well is drilled. 

– Well casings are perforated or screened beneath this confining bed. 

• Well Location: 
– The wells are located > 200 ft from the normal banks of the Missouri River. 
– The wells are located > 300 ft from any Wastewater Treatment plants, Lagoons, 

chemical storage, Landfills, liquid petroleum storage tanks, an surface or 
subsurface wastewater and solid waste disposal fields. 

– The wells are located > 100 ft from Manure storage areas, unplugged 
abandoned wells, graves, sewage lift stations, buildings or yards used for 
livestock or poultry privey, cesspool, or other contaminants that drain into the 
soil.  

– The wells are located > 50 ft from sanitary sewer lines, existing wells, pit sumps 
or holes, propane tanks, septic tanks, lakes or streams. 

– The wells are located > 10 ft from the right of way for any federal, state, or local 
roadway. 

• Water Quality: 
– Historical records indicate no coliform contamination, turbidity excursions, or 

suspected presence of Giardia, Cryptosporidum, or other pathogenic organisms 
associated with surface water. 

– No evidence of particulate matter associated with surface water (i.e. Giardia, 
rotifers, diatoms, algae, Coccidia) 

– Turbidity, temperature and pH do not significantly vary seasonally or mirror the 
variation seen in the Missouri River. 



 

December 2012 – FINAL 2-2 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 2_ 

2.1.2 McBaine Wellfield Source Water Reclassification: 

In June 2010, the United States Geological Survey (USGS) presented a summary of 
hydrogeological investigations and historical water quality monitoring (2002 to 2008) within 
the USGS wells installed around the perimeter of the McBaine wellfield. The results of the 
study indicated the following: 

• The chloride concentration within certain monitoring wells increased from 10-20 to 10-
90 mg/L since 2002. 

• The background chloride level in the surrounding groundwater and Missouri River are 
insufficient to account for this increase in chloride level. 

• The positive groundwater gradient from the MoDNR Eagle Bluffs Conservation Area 
and other wastewater polishing wetlands towards the McBaine wellfield is sufficient to 
account for these increased chloride levels.  

• Certain monitoring wells contained trace concentrations which could be classified as 
“Drinking Water Contaminants of Emerging Concern” (CEC) (See Table 2.14). CEC’s 
are commonly defined as a chemical that has been released to or detected in drinking 
water supplies or has the potential to migrate to these supplies; and for which health-
based standards either do not exist or need to be updated to reflect new toxicity or 
occurrence information. 

• Some of these same CEC compounds were present in samples taken from the 
wastewater effluent polishing wetlands and Eagle Bluffs Conservation Area into which 
the polished effluent flows prior to discharge to the Missouri River.  

The results of these investigations led USGS to the conclusion that strong evidence exists 
that some of the McBaine wellfield is under the influence of surface water from the effluent 
polishing wetlands, particularly the polishing wetlands within the Eagle Bluffs Conservation 
Area. Figure 2.1 illustrates the conclusions of this USGS report. 

To date, the MoDNR has not indicated whether the McBaine wellfield can be re-classified 
as a source comprised of Groundwater Under the Direct Influence of a Surface Water 
(GWUDI). The federal rule defines a GWUDI as: 

 
"any water beneath the surface of the ground with: significant occurrence of insects 
or other macroorganisms, algae or large-diameter pathogens such as Giardia 
lamblia,  
OR 
significant and relatively rapid shifts in water characteristics such as turbidity, 
temperature, conductivity, or pH which closely correlate to climatological or surface 
water conditions." 

 
  



Figure 2.1 – USGS Map of Monitoring Wells 
Impacted by Effluent Application 
Chapter 2 – Regulatory Evaluation 

cBaine Water Treatment Plant Preliminary Design 
Columbia Water and Light 

Source:  USGS Ground Water Flow 2004-2007, and Water Quality 1992-
2007, in McBaine Bottoms, Columbia, Missouri 
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"Under the direct influence of surface water" means the groundwater source is located 
close enough to nearby surface water, such as a river or lake, to receive direct surface 
water recharge. Since a portion of the groundwater source's recharge is from surface water, 
the groundwater source is considered at risk of contamination from pathogens such 
as Giardia lamblia and viruses, which are not normally found in true groundwaters. 

MoDNR’s process of designating a source as GWUDI may involve the following: 

• Records Review: MoDNR conducts a records review to identify "potential" GWUDI 
sources. Potential GWUDI sources are defined as all infiltration galleries, Ranney 
wells, springs, and wells less than 50 feet deep located within 200 feet of surface 
water. 

• Determination of Hydraulic Connection. A water system may either conduct a 
hydrogeologic investigation or use the water quality monitoring (WQM) method to 
determine whether the potential GWUDI source is hydraulically connected to nearby 
surface water. 
– The hydrogeologic investigation requires a licensed geologist; the water quality 

monitoring method does not. 
– The WQM method requires one year of weekly measurements of temperature 

and conductivity (or other parameters) at both the source and the surface 
water. The purveyor must arrange for statistical analysis of the data to 
determine if there is a correlation between source measurements and surface 
water measurements. The department can provide assistance and will check 
the validity of the analysis.  

– If either the WQM method or a hydrogeologic investigation indicate a hydraulic 
connection, the source is designated as a GWUDI. 

• Microscopic Particulate Analysis

The MoDNR has the authority to require the City of Columbia to submit to this review 
process should MoDNR believe there is sufficient evidence of a surface water influence to 
warrant potential reclassification of the source water supply. 

. The water system collects a sample of source water 
and sends the sample to a laboratory for a microscopic particulate analysis. If certain 
numbers or types of surface water organisms are found in the groundwater samples, 
the source is designated to be under the direct influence of surface water. Such 
sources are classified as GWUDI.  

Systems with GWUDI sources or sources identified by MoDNR as being "potential" GWUDI 
sources have several compliance options to choose from, including the following: 

• Modify the groundwater source to eliminate direct surface water influence. 

• Develop an alternate MoDNR-approved source (for example, develop a protected 
groundwater source or purchase from a nearby approved public water system). 
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• Attempt to meet the source quality and site-specific criteria to remain classified as a 
groundwater. 

• Comply with all MoDNR requirements for treatment of a supply considered as a 
GWUDI. 

Under the Draft Minimum Design Standards for Community Water Systems (September 
2010), the MoDNR has the authority to review the water quality data associated with the 
wellfield and determine whether reclassification is warranted. As of the completion of this 
report the MoDNR had not made any determination regarding the potential of 
reclassification. 

2.1.2.1 

The 1996 Evaluation of Future Water Supply Sources, recommended that if further 
development of the existing wellfield is not possible, strong consideration should be give to 
installing horizontal collector wells within three possible sites identified for future source 
water development.  

Potential Classification of Future Source Water Supplies 

Many of Missouri’s largest suppliers of drinking water located adjacent to the Missouri 
River(St. Louis, Kansas City, Missouri American Water) are considering augmenting or 
replacing all or a portion of their surface water supplies with Horizontal Collector Well 
supplies. Horizontal collector wells provide 5 to 10 times the quantity as normal vertical 
wells but represent a significant capital investment. Current collector wells installed near the 
Missouri River include the City of Independence and the City of St. Joseph (Missouri 
American Water Company).  

Due to the high potential for collector wells to mirror the seasonal temperature fluctuations 
within the surface water source, the MoDNR considers all horizontal collectors wells an 
inherently GWUDI supply. Recently, the City of Independence, through water quality 
monitoring was able to reclassify their collector well (Well No. 41) from a GWUDI to a 
groundwater source. 

2.2 PURPOSE 
The purpose of this regulatory evaluation is to: 

1. Assess the current facilities at the existing McBaine WTP with respect to compliance 
with the appropriate federal and state regulations pertaining to GWUDI facilities. 

2. Summarize the existing source water and their qualities. 

3. Identify finished water treatment goals for the McBaine WTP based upon this 
regulatory assessment for consideration during any plant expansion. 

In this manner, if the MoDNR reclassifies the supply either due to the present 
circumstances or the installation of a collector well, the Columbia Water and Light 
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Department is aware of the potential compliance issues at the McBaine WTP and may 
address these in any subsequent expansions of the facility.  

2.3 REGULATORY EVALUATION 

2.3.1 Introduction 

A surface water or groundwater under the direct influence of surface water (GWUDI) 
treatment plant must produce water that meets State and federally mandated regulations 
for drinking water quality standards. The design of a treatment facility should consider both 
existing and anticipated Federal regulations, and additional State requirements. In general, 
States are primarily concerned with the administration of Federal drinking water 
requirements, but on some topics, they may add additional or stricter requirements. The 
primary State and Federal requirements that guide drinking water treatment in Missouri are 
summarized in this document. 

The three dominant regulations that govern drinking water treatment for the protection of 
public health in Missouri are the federal Surface Water Treatment Rule (SWTR) and its 
amendments, the federal Total Coliform Rule (TCR), and the Rules of the Department of 
Natural Resources, Division 60 – Public Drinking Water Program. The SWTR, issued in 
1989, applies to all public water systems using surface water sources and/or GWUDI. The 
TCR, revised in 1989, applies to all public water systems (PWSs) and establishes a 
maximum contaminant level (MCL) for total coliforms. Missouri code of state regulations 
10 CSR 60-1.010 directs the Missouri Department of Natural Resources (DNR) to create, 
enforce and implement the provisions of the Missouri Safe Drinking Water Act.  

The Federal SDWA is administered by the United States Environmental Protection Agency 
(USEPA). The USEPA has delegated this responsibility to the State of Missouri Department 
of Natural Resources Division (DNR). Under this agreement, the DNR Public Drinking 
Water Program is responsible for the implementation of the SDWA program within the State 
of Missouri. 

A variety of existing and future regulations may affect the McBaine WTP water supply 
sources, treatment requirements, and system operations. The following regulatory 
evaluation involves a review of current and anticipated future State that may impact the 
choice of currently available treatment technologies for the plant expansion. This review 
was performed in consideration of the following current and anticipated drinking water 
regulations: 

1. Safe Drinking Water Act (SDWA) and 1986 Amendments. 

1.1 Volatile Organic Chemicals (VOCs) 

1.2 Synthetic Organic Chemicals (SOCs) 

1.3 Inorganic Chemicals (IOCs)  
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1.4 Total Coliform Rule (TCR) 

1.5 Arsenic Rule. 

1.6 Lead and Copper Rule. 

1.7 Radionuclides Rule. 

1.8 Radon Rule. 

2 Interim Enhanced Surface Water Treatment Rule (IESWTR). 

2.1 Stage 1 Disinfectants/Disinfection By-Products Rule (Stage 1 D/DBPR). 

3 Stage 2 Microbial/Disinfection By-Products Rules. 

3.1 Long Term 2 Disinfectant/Disinfection By-Products Rule (Stage 2 D/DBPR) 

4 Groundwater Rule (GWR) 

2.3.2 Safe Drinking Water Act(SDWA) 
The SDWA of 1974 established primary drinking water regulations designed to ensure the 
distribution of safe drinking water. These regulations were the first to be implemented at all 
PWSs in the United States (U.S.), covering both chemical and microbial contaminants. 
These regulations consisted of standards for 18 parameters, referred to as the National 
Interim Primary Drinking Water Regulations. They remained in place for over 10 years with 
minor revisions, including a revised fluoride standard, addition of a total trihalomethanes 
standard, and interim regulations for radionuclides in potable water. 

In 1986, Congress passed widespread amendments to the SDWA, which significantly 
altered the rate at which the USEPA was to set drinking water standards. These 
amendments resulted in a three-fold increase in the number of contaminants regulated. 
Also, at that time, the National Interim and revised Primary Drinking Water Regulations 
promulgated prior to 1986 were redefined as National Primary Drinking Water Regulations. 

The 1996 amendments to the SDWA greatly enhanced the existing law by recognizing 
source water protection, operator training, funding for water system improvements, and 
public information as important components of safe drinking water. Among others, the 1996 
amendments required the USEPA to develop rules to balance risks between microbial 
pathogens and disinfection by-products (DBP), named the Microbial/Disinfection Byproduct 
(M/DBP) Rules. Several rules emerged from this requirement, including the Interim 
Enhanced Surface Water Treatment Rule (IESWTR), the Stage 1 and Stage 2 Disinfectants 
and Disinfection By-Products Rules (DBPR1 and DBPR2), and the Long Term 1 and Long 
Term 2 Enhanced Surface Water Treatment Rules (LT1ESWTR and LT2ESWTR).  

The National Primary Drinking Water Regulations (NPDWRs) are currently set for 
83 contaminants, including turbidity, 6 indicator microorganisms, 4 radionuclides, 
16 inorganic contaminants, and 57 organic contaminants. MCLs and maximum contaminant 
level goals (MCLGs) have been set for 73 contaminants and 3 disinfectants. Ten other 
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contaminants have treatment technique (TT) requirements. The following sections presents 
the federal and state MCLs for the contaminants listed in the National Primary Drinking 
Water Regulations (NPDWRs) under the SDWA. 

2.3.2.1 

The SDWA includes regulations dictating maximum containment levels for volatile organic 
compounds (VOCs), synthetic organic chemicals (SOCs), and inorganic chemicals (IOCs). 
The VOCs, SOCs, and IOCs are listed in Tables 2.1 and 2.2.  

Volatile Organic Chemicals, Synthetic Organic Chemicals and Inorganic 
Chemicals 

 
Table 2.1 Maximum Contaminant Levels for Volatile Organic Chemicals 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 

USEPA DNR 

MCLG 
(mg/L) 

MCL or TT 
(mg/L) 

MCL or TT 
(mg/L) 

Organic Contaminants 
Benzene  0 0.005 0.005 
Carbon Tetrachloride  0 0.005 0.005 
Chlorobenzene 0.1 0.1 0.1 
o-Dichlorobenzene  0.6 0.6 0.6 
p-Dichlorobenzene  0.075 0.075 0.075 
1,2-Dichloroethane  0 0.005 0.005 
1,1-Dichloroethylene  0.007 0.007 0.007 
cis-1,2-Dichloroethylene  0.07 0.07 0.07 
trans-1,2-Dichloroethylene  0.1 0.1 0.1 
Dichloromethane  0 0.005 0.005 
1,2-Dichloropropane  0 0.005 0.005 
Ethylbenzene  0.7 0.7 0.7 
Styrene  0.1 0.1 0.1 
Tetrachloroethylene  0 0.005 0.005 
Toluene  1 1 1 
1,2,4 Trichlorobenzene  0.07 0.07 0.07 
1,1,1-Trichloroethane 0.20 0.2 0.2 
1,1,2-Trichloroethane 0.003 0.005 0.005 
Trichloroethylene 0 0.005 0.005 
Vinyl chloride 0 0.002 0.002 
Xylenes (Total) 10 10 10 
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Table 2.2 Maximum Contaminant Levels for Synthetic Organic Chemicals and 
Inorganic Chemicals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 

USEPA DNR 
MCLG 
(mg/L) 

MCL or TT 
(mg/L) 

MCL or TT 
(mg/L) 

Organic Contaminants 
Acrylamide 0 TT1 TT1 
Alachlor 0 0.002 0.002 
Atrazine 0.003 0.003 0.003 
Benzo(a)pyrene 0 0.0002 0.002 
Carbofuran 0.04 0.04 0.04 
Chlordane 0 0.002 0.002 
2,4-D 0.07 0.07 0.07 
Dalapon 0.2 0.2 0.2 
1.2-Dibromo-3-
chloropropane 0 0.0002 0.0002 

Di(2-ethylhexyl) adipate 0.4 0.4 0.4 
Di(2-ethylhexyl) phthalate 0 0.006 0.006 
Dinoseb 0.007 0.007 0.007 
Dioxin 0 0.00000003 0.00000003 
Diquat 0.02 0.02 0.02 
Endothall 0.1 0.1 0.1 
Endrin 0.002 0.002 0.002 
Epichlorohydrin 0 TT1 TT1 

Ethylbenzene  0.7 0.7 0.7 
Ethylene Dibromide 0 0.00005 0.00005 
Glyphosate 0.7 0.7 0.7 
Heptachlor 0 0.0004 0.0004 
Heptachlor Epoxide 0 0.0002 0.0002 
Hexachlorobenzene 0 0.001 0.001 
Hexachlorocyclopentadiene 0.05 0.05 0.05 
Lindane 0.0002 0.0002 0.0002 
Methoxychlor 0.04 0.04 0.04 
Oxamyl 0.2 0.2 0.2 
Polychlorinated Biphenyls 0 0.0005 0.0005 
Pentachlorophenol 0 0.001 0.001 
Picloram 0.5 0.5 0.5 
Simazine 0.004 0.004 0.004 
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Table 2.2 Maximum Contaminant Levels for Synthetic Organic Chemicals and 
Inorganic Chemicals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 

USEPA DNR 
MCLG 
(mg/L) 

MCL or TT 
(mg/L) 

MCL or TT 
(mg/L) 

Toxaphene 0 0.003 0.003 
2,4,5-TP (Silvex) 0.05 0.05 0.05 
Inorganic Chemicals 

Antimony 0.006 0.006 0.006 

Arsenic 0 0.010 0.010 
Asbestos 7 MFL2 7 MFL2 7 MFL2 

Barium  2 2 2 
Beryllium  0.004 0.004 0.004 
Cadmium  0.005 0.005 0.005 
Chromium  0.1 0.1 0.1 

Copper  1.3 TT3 

Action Level = 1.3 
TT3 

Action Level = 1.3 
Cyanide  0.2 0.2 0.2 (as free CN) 
Fluoride  4.0 4.0 4.0 

Lead  0 TT3 

Action Level = 0.015 
TT3 

Action Level = 0.015 
Mercury (inorganic) 0.002 0.002 0.002 
Nitrate (as N) 10 10 10 
Nitrite (as N)  1 1 1 
Total Nitrate and Nitrite -- -- 10 
Selenium  0.05 0.05 0.05 
Thallium  0.0005 0.002 0.002 
Notes
1. Each water system must certify annually, in writing, to the state (using third-party or 

manufacturer's certification) that when acrylamide and epichlorohydrin are used in drinking 
water systems, the combination (or product) of dose and monomer level does not exceed the 
levels specified, as follows: 
- Acrylamide = 0.05% dosed at 1 mg/L (or equivalent)  
- Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent)  

: 

2. MFL = million fibers per liter, with fiber length >10 µm. 
3. Lead and copper are regulated by a Treatment Technique that requires systems to control the 

corrosiveness of their water. If more than 10% of tap water samples exceed the action level, 
water systems must take additional steps. For copper, the action level is 1.3 mg/L, and for lead 
is 0.015 mg/L. 
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2.3.2.1.1 Compliance Status 

The compounds listed in Table 2.1 and 2.2 are regulated compounds under both the 
Groundwater Rule and the SWTR. Based on the City of Columbia Water Quality Report 
none of the regulated compounds listed in Tables 2.1 and 2.2 exceed the maximum 
contaminant levels (MCLs) at the McBaine WTP. Most inorganic chemicals, volatile organic 
chemicals and synthetic organic chemicals were not detectable in McBaine WTP effluent 
with the exception of barium, lead, and copper. However, as shown in Table 2.3, the 
measured concentrations of these compounds occur in concentrations well below the MCL 
or action limit (AL). 
 

 

2.3.2.2 

The TCR was promulgated in June 1989. It established total and fecal coliform MCLGs of 
zero. These MCLs are based on the percentage of positive samples collected during a 
compliance period.  

Total Coliform Rule 

The required number of samples to be collected in a month depends on the number of 
people served. For systems that collect 40 or more samples per month, including McBaine 
WTP, the rule allows no more than 5 percent positive samples per month. If a system has 
greater than 5 percent total coliform-positive (TC-positive) samples in a month, then this is 
considered a monthly MCL violation, which must be reported to the DNR and to the public 
within a specific timeframe. All TC-positive samples must be analyzed for the presence of 
Escherichia coli (E. coli) or fecal coliforms. If two consecutive samples are  
TC-positive and one is also fecal coliform- or E. coli-positive, then this is defined as an 
acute violation of the MCL; the system must collect repeat samples and notify the DNR and 
the public using mandatory language developed by the USEPA. 
  

Table 2.3 Detectable Regulated Compound 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 

Measured  
2008  

(mg/L) 

Measured 
2009  

(mg/L) 
MCL 

(mg/L) 

Barium 0.092 0.104 2 

Lead 0.002 0.002 (1) AL = 0.015 

Copper 0.053 0.053 (1) AL = 1.3 
Note
1. 2009 Copper and Lead monitoring data are based on previous year’s sampling data. 

: 
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Secondary disinfection is required under the TCR in accordance with the following: 

• A minimum disinfectant residual of 0.2 mg/L free chlorine or 0.5 mg/L chloramines 
measured as total chlorine must be present throughout the distribution system 
continually. 

• A sample with HPCs less than 500 cfu/100 mL is assumed to carry the required 
minimum residual. 

2.3.2.3 

The TCR was first published on June 29, 1989. Coliform bacteria are generally not harmful 
to humans, but the USEPA considers them a useful indicator of other pathogens. The rule 
requires all public water systems to monitor for the presence of total coliforms as an 
indicator of treatment efficacy and distribution system integrity. 

Total Coliform Rule Revisions 

Since the rule was first published, increased attention has been focused on how water 
quality changes within distribution systems. As part of the review of the Stage 2 DBPR 
(Section 2.3.5.1) and LT2ESWTR (Section 2.3.5.2), the Federal Advisory Committee 
recommended that the USEPA revisit the TCR. That effort is now on-going but EPA has 
published a draft proposed Revisions to the TCR as of July 14,2010. The Revisions are 
now in a 60-day comment period before the final Revisions to the TCR can be published. 

The goals of the revisions include reducing public health risk, and offer potential 
alternatives or additional monitoring strategies to decrease the economic burden while 
maintaining or improving public health protection. Key provisions of the proposed Revisions 
to the Total Coliform Rule (RTCR) are: 

• Creating a MCLG and MCL for E. coli., and provisions for a coliform treatment 
technique for protection against potential fecal contamination  
– Revisions propose an MCLG (of zero) and MCL for E. coli  
– Revisions propose removing the MCL and MCLG for total coliforms and 

establishing a treatment technique for total coliforms. 

• Utilities will continue to monitor for total coliform and E.coli.  

• As part of a treatment technique, utilities are required to asses their system when 
monitoring results indicate that the system may be vulnerable to contamination.  

• Any system monitoring that results in a “treatment technique trigger” for total coliform 
must conduct a system assessment to discover and correct any sanitary defects 
within the system. Possible sanitary defects include: 
– Cross connection and backflow issues 
– Operator issues such as failure to follow standard operating procedures 
– Distribution system issues such as main breaks, loss of pressure, improper 

flushing, improper construction activities,  
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– Storage issues such as overflow, vents and hatches not properly configured 
– Disinfection issues such as low disinfectant residual within distribution 

• Public notification would be required if E.coli were positive. A sample positive for total 
coliforms would no longer require public notice. 

The projected timeline for the RTCR is as follows: 

• Sixty - ninety day public comment period until mid September 2010 

• Final rule in 2011 or 2012 

• Compliance in 2013 or 2014 

2.3.2.3.1 Compliance Status 
The McBaine WTP has not had a monthly or acute total coliform violation in the last 7 
years. Over the last 7 years, there have been three occurrences in which total coliforms 
have tested positive within the distribution system. Two of these positives occurred on the 
same day (6/11/09) and fecal coliforms tested negative. Follow up sampling tested negative 
for total coliforms. The third occurrence came from a sample dated 10/6/03 and fecal 
coliforms were also not present. In all cases, the residual chlorine concentrations were 
above the minimum of 0.2 mg/L required by the TCR rule. 

On samples date 6/11/09 the two positive coliform tests did not result in a MCL violation 
because Columbia samples over 40 samples per month and 2 coliform samples for the 
month is under the 5% occurrence threashold established by the TCR. The same is true of 
the one occurrence in the month of October, 2003. 

2.3.2.4 

On January 22, 2001, the EPA proposed a reduction in the arsenic standard from 50 µg/L 
to 10 µg/L. Due to delays in the announcement of the proposed rule, the final rule was 
published on February 22, 2002 with a compliance date for all drinking water systems 
(Groundwater and surface water systems) by January 23, 2006. 

Arsenic Rule 

2.3.2.4.1 Compliance Status 

According to 2009 Water Quality Report, finished water arsenic concentrations were not 
detected, therefore, McBaine WTP currently complies with the provisions of this regulation. 

2.3.2.5 

EPA promulgated MCLGs for lead and copper on June 7, 1991) and proposed and finalized 
minor changed to the rule revisions on January 12, 2000. Under the Lead and Copper Rule, 
McBaine WTP is considered a large system (serving more than 50,000 people) and must 
sample for lead and copper and conduct distribution system sampling for certain water 
quality parameters (pH, alkalinity, calcium, etc.). Lead and copper samples must be 

Lead and Copper Rule 
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collected from 100 “worst case” home sites (Tier 1) and water quality parameters must be 
collected from 25 sites in the distribution system. 

The USEPA has established the following action levels for lead and copper for the  
90th percentile of home tap samples: 

• Lead: 0.015 mg/L. 

• Copper: 1.3 mg/L. 

If the lead and copper concentrations in the 90th percentile of home tap samples are greater 
than these values, then the utility must conduct a public education program. 

The goal of the lead and copper regulation is for utilities to optimize their corrosion control 
treatment. Under this regulation, there are two ways in which a utility is considered to have 
“optimized” their corrosion control: 

• Demonstrate to regulatory agency that it has performed corrosion control steps 
“equivalent” to those required by USEPA. 

• If the difference between the highest level of lead in the source water and the  
90th percentile tap samples is less than the practical quantitation level (PQL) for lead 
(0.05 mg/L). 

On January 12, 2000, the USEPA re-published the Lead and Copper Rule with minor 
changes (also known as the Lead and Copper Rule Minor Revisions [LCRMR]). The 
LCRMR does not change the action levels for lead or copper, nor does it affect the rule’s 
basic requirements. The modified rule addresses the following broad categories: 

• Demonstration of optimal corrosion control. 

• Lead service line replacement requirements. 

• Public education requirements. 

• Monitoring requirements. 

• Analytical methods. 

• Reporting and record-keeping requirements. 

• Special primacy considerations. 

On October 10, 2007, USEPA published additional revisions and clarifications. These 
revisions were intended to enhance the implementation of the LCR in the areas of 
monitoring, treatment, customer awareness, lead service line replacement, and improve 
public education. The four new requirements are as follows: 

• Water systems are not required to provide advanced notification and gain the 
approval of the primacy agency for intended changes in treatment or source water 
that could increase corrosion of lead. The State must approve the planned changes 
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using a process that will allow regulators and water systems to take as much time as 
needed to consult about potential problems.  

• All utilities must now provide a notification of tap water monitoring results for lead to 
owners and/or occupants of homes and buildings who consume water from the taps 
that are part of the utility’s sampling program.  

• Utilities are required to reconsider previously “tested-out” lines when resuming lead 
service line replacement programs. This provision applies to systems that had:  
(1) Initiated a lead service line replacement program; (2) Complied with the lead 
action level for two consecutive monitoring periods and discontinued the lead service 
line replacement program; and (3) Subsequently were re-triggered into lead service 
line replacement. 

• The content, distribution methods, and timeframe of the public education materials 
that must be disseminated after a lead action level exceedance have been changed.  

On October 10,2007 EPA published additional “short term” revisions to the LCR to 
strengthen the implementation of the LCR in the following areas: monitoring, treatment 
processes, public education, customer awareness, and lead service line replacement. 
These changes provide more effective protection of public health by reducing exposure to 
lead in drinking water. 

• Provides clarification to definitions for compliance and monitoring periods;  

• Allows large utilities that meet the lead action level and State-determined, Optimal 
Water Quality Parameter (OWQP) for two consecutive six-month monitoring periods 
to monitor annually per the reduced number of sites schedule;  

• Requires utilities to provide consumer notice of lead tap water monitoring results;  

• Advanced notification and approval of long-term treatment changes;  

• Public education requirements; and  

• Reevaluation of lead service lines.  

2.3.2.5.1 Compliance Status 
According to the City of Columbia’s 2009 Water Quality Report indicated compliance with 
the provisions of the LCR based upon the 90th percentile of home tap samples. Thirty 
samples for lead and copper were taken within the distributions system. The concentration 
of copper ranged from 0.002 to 0.152 mg/L and the concentration of lead ranged from 
undetected to 0.004 mg/L. 

McBaine WTP is currently in compliance with the requirements of the Lead and Copper rule 
and because the finished water levels of both copper and lead are very low, McBaine 
qualifies for reduced monitoring. Under McBaine’s reduced monitoring schedule, the 
required number of lead and copper samples taken in the distribution system is halved. 
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Additionally, samples are collected only once every three years as required by the Lead 
and Copper Rule, reduced monitoring schedule. 

2.3.2.6 

On December 7, 2000, the EPA announced updated standards for radionuclides and a new 
standard for uranium, as required in the 1986 amendments to the Safe Drinking Water Act 
(SDWA). The revised standards are shown in Table 2.4. 

Radionuclides Rule 

 

Table 2.4 Maximum Contaminant Levels for Radionuclides 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 

USEPA DNR 
MCLG 

 
MCL or TT 

 
MCL or TT 

 
Radionuclides1  
Gross Alpha 
Particles 2 0 15 pCi/L 15 pCi/L 

Beta Particles & 
Photon Emitters1 0 4 mrem/yr 4 mrem/yr or 50 pCi/L 

Ra-226 & Ra-2281  0 5 pCi/L 5 pCi/L 
Uranium  0 30 μg/L 30 µg/L 
Notes
1. These MCL’s will be reviewed within 1-3 years based on a need for further evaluation of risk 

management issues. 

: 

2. Excludes uranium and radon but includes Ra-226. 

 

This rule became effective on December 8, 2003. The monitoring requirements were 
phased between December 2000 and December 2003. Water systems determine initial 
compliance under the new monitoring requirements using the average of four quarterly 
samples, or at state-direction, using appropriate grand fathered data. 

2.3.2.6.1 Compliance Status 
In 2009, the McBaine WTP finished water is below the MCLs for total Beta Particles and 
uranium as regulated under the radionuclide rule. Monitoring data show that the 
occurrences of radionuclides in McBaine’s finished water are well below the DNR 
established MCLs. 
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Table 2.5 Detectable Radionuclide Compounds 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 
Measured 2009  

(mg/L) 
DNR MCL 

(mg/L) 

Beta Particle 6.6 pCi/L 50 pCi/L 

Uranium 0.48 ug/L 30 ug/L 

 

2.3.2.7 

The proposed Radon Rule was published on November 2, 1999. The EPA missed the 
statutory deadline to finalize this regulation by August 2000. The final rule was sent to the 
Office of Management and Budget (OMB) for review on January 19, 2001 but it did not 
clear the review process prior to changeover to a different Administration. As a result, the 
EPA expects to promulgate the final radon regulation soon. 

Proposed Radon Rule 

The proposed regulation applied to groundwater systems and combined 
groundwater/surface water systems. It provides two options for the maximum level of radon 
that is allowable in community water supplies. The proposed MCL is 300 piC/L, and the 
proposed alternative MCL is 4,000 pCi/L. The drinking water standard that would apply for a 
system depends on whether a state or community water system (CWS) develops a multi-
media mitigation program. The lower alternative standard could be used in conjunction with 
an EPA approved program to reduce indoor air radon levels. CWS’s would begin their initial 
monitoring requirements (one year of quarterly monitoring) for radon three years following 
publication of the final rule. The proposed Radon Rule applies to all CWS’s that use 
groundwater or mixed groundwater and surface water. 

2.3.2.7.1 Compliance Status 

Table 2.6 shows the 2009 radon concentration found in Columbia finished water. According 
to the 2009 Water Quality Report, radon was detected in the McBaine finished water at a 
concentration of 50.4 piC/L. Since the proposed MCL is 300 piC/L, it is anticipated that the 
City of Columbia will comply with the proposed rule.  
 
Table 2.6 Detectable Regulated Compound 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 
Measured 2009  

(piC/L) 
Proposed MCL 

(piC/L) 

Radon 50.4 300 
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2.3.3 Secondary Drinking Water Standards 

Federal and Missouri secondary standards are recommended for 15 contaminants to 
ensure aesthetic quality of drinking water. Table 2.7 presents the federal and state 
secondary standards for the contaminants listed in the Secondary Drinking Water 
Standards. 
 
Table 2.7 Contaminants and Secondary Standards Listed in the Secondary 

Drinking Water Standards 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 
USEPA  
SMCL 

DNR 
SMCL 

Aluminum 0.05 to 0.2 mg/L 0.05 to 0.2 mg/L 

Chloride 250 mg/L 250 mg/L 

Color 15 color units 15 cu 

Copper 1.0 mg/L 1.0 mg/L 

Corrosivity (aggressiveness index) Non-corrosive Non-corrosive 

Fluoride 2.0 mg/L 2.0 mg/L 

Foaming Agents (MBAS) 0.5 mg/L 0.5 mg/L 

Iron 0.3 mg/L 0.3 mg/L 

Manganese 0.05 mg/L 0.05 mg/L 

Odor 3 TON 3 TON 

pH 6.5 - 8.5 6.5 - 8.5 

Silver 0.1 mg/L 0.1 mg/L 

Sulfate 250 mg/L 250 mg/L 

Total Dissolved Solids 500 mg/L 500 mg/L 

Zinc 5 mg/L 5 mg/L 

 

2.3.3.1.1 Compliance Status 

The compounds listed in Table 2.7 are unregulated components under the secondary 
drinking water standards list for both surface and groundwater systems. Based on the 2009 
City of Columbia Water Quality Report none of the secondary contaminants measured by 
City of Columbia exceeded the secondary standard concentration at the McBaine WTP. 
Table 2.8 shows the measured quantities of the remaining contaminants found under the 
secondary drinking water standards. Aluminum, manganese, and zinc were not detected. 
Color, corrosivity, foaming agents, taste and odor, and silver were not measured in 2009. 
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Table 2.8 Contaminants and Secondary Standards Listed in the Secondary 

Drinking Water Standards 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant 
Measured 2009 

(mg/L) 
MCL 

SMCL 

Chloride 48 250 mg/L 

Color Data not available 15 cu 

Copper 0.053 1.0 mg/L 

Corrosivity (aggressiveness index) Data not available Non-corrosive 

Fluoride 1.01  2.0 mg/L 

Foaming Agents (MBAS) Data not available 0.5 mg/L 

Iron 0.11 0.3 mg/L 

Odor Data not available 3 TON 

pH 8.58 6.5 - 8.5 

Silver Data not available 0.1 mg/L 

Sulfate 80 250 mg/L 

Total Dissolved Solids 303 500 mg/L 

 

2.3.4 Filter Backwash Recycling Rule 

The Filter Backwash Recycling rule (FBRR) was proposed on April 10, 2000 and 
promulgated on January 14, 2002 with compliance beginning on March 15, 2002. The 
purpose of this rule is to minimize Cryptosporidium concentrations in the treated water due 
to the recycling of sludge supernatant and filter backwash wastewater to the head of the 
treatment plant. The FBRR rule applies to surface water and GWUDI systems. The major 
requirements of this rule are as follows: 

• Systems that recycle backwash waste must do so prior to the point of application of 
primary coagulant. 

• Direct Filtration plants could be required to provide detailed recycle treatment 
information to the State (which could then require modifications). 

• Conventional treatment plants that practice direct recycle, employ 20 or fewer filters 
to meet production requirements during a selected month, and recycle spent filter 
backwash water, thickener supernatant, and/or liquids from dewatering processes 
within the treatment process must perform a one month, one-time recycle self 
assessment. The self-assessment requires hydraulic flow monitoring and that certain 
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data be reported to the State, which may require that modifications be made to the 
recycling practices to protect public health. 

2.3.4.1.1 Compliance Status 
The FBRR does not apply to groundwater systems and as such does not apply to McBaine 
WTP while its source water is classified as groundwater. However, if new sources of water 
are classified as GWUDI or if existing source water is reclassified, McBaine WTP would 
need to meet the requirements under this rule.  

Currently McBaine recycles filter backwash water to the head of the plant. Since the water 
is treated through softening, settling, and chlorination, it satisfies the requirements of the 
filter backwash recycle rule. The rule also required forms and documentation be kept on 
site for a minimum number of years and provided to State officials at their request.  

2.3.5 Microbial and Disinfection Byproduct Rules 

Since the promulgation of the SDWA in 1974, several rules have focused on public health 
protection by limiting the presence of microorganisms in drinking water. The 1996 
amendments to the SDWA required the USEPA to develop additional rules to balance risks 
between microbial pathogens and DBPs. These rules are briefly summarized in this section. 

2.3.5.1 

On June 29, 1989, the USEPA promulgated the SWTR, which became effective on 
December 31, 1990. Systems using surface water or GWUDI as a potable water source 
must provide treatment to reduce turbidity, Giardia lamblia, Legionella, viruses, and 
heterotrophic plate count (HPC) bacteria. Specifically, the SWTR establishes treatment and 
performance standards to provide a minimum reduction of 99.9 percent (3-log) for Giardia 
cysts, and 99.99 percent (4-log) reduction for viruses. The overall reduction of Giardia and 
viruses is to be achieved by multiple treatment barriers involving a combination of physical 
removal by pretreatment and filtration, and inactivation by disinfection. 

Surface Water Treatment Rule 

• The federal SWTR stipulates several specific requirements for turbidity and 
disinfection for filtration plants. For conventional filtration, the turbidity requirements 
are as follows: 
– The turbidity of representative samples of a system’s filtered water must be less 

than or equal to 0.5 NTU in at least 95 percent of the measurements taken 
each month. 

– The turbidity level of representative samples of a system’s filtered water must at 
no time exceed 5 NTU. 

– Well-operated conventional treatment plants, which meet or exceed (attain 
values lower than) the 0.5 NTU effluent turbidity standard, are credited with a 
2.5-log removal of Giardia cysts and a 2-log removal of viruses. Given this, the 
disinfection treatment must be sufficient to ensure that the disinfection 
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treatment process achieves at least 0.5-log inactivation of Giardia cysts and at 
least a 2-log inactivation of viruses. 

• Compliance with the disinfection requirement must be demonstrated by meeting 
minimum “CT” requirements, where “C” is the residual disinfectant concentration in 
mg/L, and “T” is the effective contact time in minutes with the disinfectant. 

• The residual disinfectant concentration in the water entering the distribution system 
cannot be less than 0.2 mg/L of free chlorine or 0.5 mg/L of chloramines for more 
than four hours. 

• The residual disinfectant concentration in the distribution system cannot be 
undetectable in more than 5 percent of the samples taken each month for any two 
consecutive months. Water in the distribution system with an HPC concentration less 
than or equal to 500 colony forming units (cfu)/mL is deemed to have a detectable 
disinfectant residual for purposes of determining compliance with this requirement. 

2.3.5.1.1 Compliance Status- Disinfection 

The SWRT requires that a water treatment plant provide a minimum of 4-log removal of 
viruses and 3-log removal of Giardia lamblia. The regulation states that filtration typically 
provides 2.5-log removal of Giardia and 2-log removal for viruses, assuming the filters are 
operating well. Assuming that the McBaine filters are operating well, the remaining 2-log 
removal for viruses and 0.5-log removal of Giardia must come from disinfection.  

Figure 2.2 presents a schematic of the McBaine WTP indicating the location of the chlorine 
and ammonia feed points. Free chlorine is currently added at the effluent from the primary 
basins for the following reasons: 

1. Reduced chlorine dosage: The primary softening basin removes much of the 
remaining dissolved iron and manganese and some of the organic compounds both 
of which exert a chlorine demand. As a result, the chlorine demand on the primary 
effluent is much lower than the raw water or raw water post aeration. 

2. Reduced Disinfection By Product Formation: The primary basin removes some of 
the organic compounds that potentially form disinfection by products through 
reaction with free chlorine. As a result, the disinfection by products formed through 
disinfection are reduced when compared with addition prior to the primary basins.  

Figure 2.3 shows a graph of virus log inactivation from disinfection based on 2009 plant 
data. Log inactivation varies from approximately 2.5 to 28 demonstrating that McBaine is in 
compliance with this requirement. 
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Figure 2.4 shows a graph of Giardia log inactivation from disinfection based on 2009 plant 
data. Log inactivation varies from approximately 0 to 0.45. Even if the McBaine WTP can 
take credit of the full 2.5 log removal from filtration, the existing disinfection process does 
not currently provide the remaining 0.5 log inactivation required to meet the minimum 3-log 
removal imposed by the SWTR regulation. As a result, to satisfy the 0.5 log Giardia 
inactivation, either higher concentrations of free chlorine or a larger detention time between 
equivalent levels of chlorine and the settled water are required. The additional detention 
time could be supplied through the installation of a clearwell downstream of the filtrations 
process or through addition of chlorine prior to the primary basins. See Chapter 6 for 
potential expansion alternatives. 

As described above, another requirement of the SWTR is that filtered water must be less 
than or equal to 0.5 NTU in at least 95 percent of the measurements taken each month and 
at no time can filtered water turbidity exceed 5 NTU. Figure 2.5 shows a graph of average 
monthly filtered water turbidity for plant data collected between January and October of 
2009. The filtered water turbidity does not meet the requirement of 0.5 NTU.  

Compliance – Filtration Effluent Turbidity 

2.3.5.2 

Following promulgation of the SWTR in 1989, several waterborne outbreaks of 
Cryptosporidiosis occurred in the U.S. In response, the SDWA required the USEPA to 
promulgate an enhanced SWTR by November 1998 to address the risk of chlorine resistant 
pathogens such as Cryptosporidium. However, the rule was to have been based upon 
information obtained from the Information Collection Rule (ICR) that would not be available 
until mid-1999. 

Interim Enhanced Surface Water Treatment Rule 

In order to address these concerns and comply with the 1998 congressional mandate, the 
USEPA expedited the development and promulgation of the IESWTR for large systems. 
The primary purposes of the IESWTR are: 

• To improve control of microbial pathogens in drinking water, in particular, 
Cryptosporidium. 

• To guard against significant increases in microbial risk that might otherwise occur 
when systems implement Stage 1 of the Disinfectants/Disinfection Byproducts Rule 
(Stage 1 D/DBPR). 
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The IESWTR was final on December 16, 1998 and became effective in December 2001. 
The Rule built upon the treatment technique requirements of the SWTR with the following 
provisions: 

• A MCLG of zero for the protozoan genus Cryptosporidium. 

• Filtered surface water and GWUDI systems serving 10,000 or more people must 
achieve at least 99 percent (2-log) removal of Cryptosporidium. 

• The IESWTR strengthened turbidity performance requirements as measured every 
4 hours in the combined filter effluent. Under IESWTR, systems serving 10,000 or 
more are required to meet: 
– Average turbidity of less than or equal to 0.3 NTU in at least 95 percent of the 

samples taken each month. 
– Maximum allowable turbidity of 1.0 NTU. 

• Monitoring of individual filter effluents for process control is required every 
15 minutes. If turbidity monitoring exceeds the turbidity requirements listed above, 
IESWTR requires reporting to the State based on the following criteria: 
– Any individual filter with an effluent turbidity >1.0 NTU based upon two 

consecutive measurements taken 15 minutes apart. 
– Any individual filter with an effluent turbidity > 0.5 NTU after 4 hours of ripening 

based on two measurements taken 15 minutes apart. 
– Self-assessment in conformance with the USEPA published guidelines is 

required for any filter with an effluent turbidity > 1.0 NTU, based upon two 
measurements taken 15 minutes apart at any time in each of three consecutive 
months. 

– Comprehensive Performance Evaluation (CPE) in conformance with the 
USEPA published guidelines is required for any filter with an effluent turbidity  
> 2.0 NTU, based upon two measurements taken 15 minutes apart at any time 
in each of two consecutive months. 

• Microbial benchmarking/profiling requirements set forth by the Rule apply to systems 
which have, based on a one year running annual average of representative systems 
taken in the distribution system, measured: 
– TTHM levels of at least 80 percent of the MCL (64 µg/L). 
– HAA levels of at least 80 percent of the MCL (48 µg/L). 

• Surface water and GWUDI systems are required to cover all new treated water 
reservoirs, holding tanks, and other storage facilities. 
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2.3.5.2.1 Compliance Status 

IESWTR is more stringent than the SWTR and since McBaine finished water does not 
comply with the requirement of the SWTR it will also not comply with the requirements of 
the IESWTR. The McBaine WTP does not comply with the requirements of the IESWTR for 
log removal of Giardia or for finished water turbidity. See discussion under 2.5.1 Surface 
Water Treatment Rule for additional information. 

2.3.5.3 

The LT1ESWTR was promulgated on January 14, 2002. This rule extended the 
requirements of the IESWTR to systems serving less than 10,000 people. 

Long Term 1 Enhanced Surface Water Treatment Rule 

2.3.5.4 

The LT2ESWTR was promulgated in December 2005, and published in the Federal 
Register on January 4, 2006. This rule applies to systems that use surface water or 
groundwater under the direct influence of surface water. The purpose of the LT2ESWTR is 
to reduce illnesses linked with Cryptosporidium and other disease-causing microorganisms 
in drinking water. The rule supplements existing regulations by targeting additional 
Cryptosporidium treatment requirements to higher risk systems.  

Long Term 2 Enhanced Surface Water Treatment Rule 

2.3.5.4.1 Requirement 1 - Source Water Monitoring 

Both filtered and unfiltered surface water/GWUDI systems must conduct a 24-month 
monitoring survey of their source water for Cryptosporidium. The action bin assignment is 
based upon sampling the source water for Cryptosporidium, E. coli, and turbidity on a 
predetermined schedule for 24 months. The Rule specifies testing with USEPA methods 
1622 and 1623. Either of the following protocols may be used to determine action bin 
assignment: 

• Based upon the highest 12-month running annual average of monthly 
Cryptosporidium samples. 

• Based on two-year mean for monitoring conducted twice per month for 24 months. 

Systems having at least 24 measurement results, but fewer than 48, would compute the 
average result for each set of 12 consecutive results. Systems having 48 or more 
measurements would compute the mean.  

Systems may use previously collected data (i.e., grandfathered data) to determine their bin 
classification instead of monitoring if specified criteria are met. Filtered systems must also 
record source water E. coli and turbidity levels.  

2.3.5.4.2 Requirement 2 - Risk-Based Treatment Requirements 

The source water monitoring results will then be used to determine the system’s risk “bin” 
and the level of additional treatment needed, if any (Table 2.9). If additional treatment is 
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required, systems can choose from an array of options listed in the “microbial toolbox”  
(Table 2.10). It should be noted that under this rule USEPA recognizes that UV disinfection 
is available and feasible. The LT2ESWTR includes tables specifying UV doses needed to 
achieve up to 3-log inactivation of Giardia lamblia, up to 3-log inactivation of 
Cryptosporidium, and up to 4-log inactivation of viruses. 

 

Table 2.9 Cryptosporidium Inactivation Requirements 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Bin 
Number 

Average  
Source Water 

Cryptosporidium  
Concentration 

(oocysts/L) 

Additional Treatment Requirements1 

Conventional Filtration, 
 Diatomaceous Earth 

 Filtration, or  
Slow Sand Filtration Direct Filtration 

1 <0.075 No Action No Action 

2 0.075 to <1.0 
1-log 1.5-log 

using any or all of the microbial toolbox technologies. 

3 1.0 to <3.0 

2-log 2.5-log 

with at least 1-log of treatment accomplished using: 
• Ozone 
• Chlorine Dioxide 
• UV 
• Membranes 
• Bag/cartridge filters 
• Bank filtration 

4 >3.0 

2.5-log 3.0-log 

with at least 1-log of treatment accomplished using: 
• Ozone 
• Chlorine Dioxide 
• UV 
• Membranes 
• Bag/cartridge filters 
• Bank filtration 
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Table 2.10 Microbial Toolbox Options (CFR 71(3), pp. 684-685) 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Toolbox Option 
Maximum Cryptosporidium Treatment  

Credit Possible 
Source Protection and Management Toolbox Options 
Watershed control program 0.5-log 
Alternative source/intake management No prescribed credit 
Prefiltration Toolbox Options 
Presedimentation basin with coagulation 0.5-log 
Two-stage lime softening 
Bank filtration 
Treatment Performance Toolbox Options 
Combined filter performance 0.5-log 
Individual filter performance  0.5-log credit (in addition to 0.5-log  

combined performance filter credit) 
Demonstration of performance Credit at discretion of the State 
Additional Filtration Toolbox Options 
Bag and cartridge filters Up to 2- to 2.5-log 
Membrane filtration Credit at discretion of the State 
Second stage filtration 0.5-log 
Slow sand filters 2.5-log 
Inactivation Toolbox Options 

Chlorine dioxide Log credit based on measured CT  
in relation to CT table 

Ozone Log credit based on measured CT  
in relation to CT table 

UV Log credit based on validated UV dose in 
relation to UV dose table; reactor validation 
testing required to establish UV dose and 
associated operating conditions. 

 

Additional treatment requirements are based, in part, on the assumption that conventional 
treatment plants with filtration performance in compliance with the IESWTR achieve an 
average of 3-log removal of Cryptosporidium. Given this, the total Cryptosporidium removal 
requirements for conventional treatment action bins 2 - 4 in Table 1.3 correspond to total 
Cryptosporidium removals of 4-, 5-, and 5.5-log, respectively. 
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2.3.5.4.3 Other Requirements 

In addition to the Cryptosporidium source water monitoring and removal requirements, the 
requirements of the LT2ESWTR are intended to ensure that systems maintain adequate 
protection against microbial pathogens as they take steps to reduce formation of 
disinfection by-products. Key provisions of the proposed LT2ESWTR relating to this effort 
include: 

• Covering, treating, or implementing a risk management plan for uncovered finished 
water reservoirs. PWSs must notify the State if they use uncovered finished water 
storage facilities no later than April 1, 2008. PWSs must meet this requirement or be 
in compliance with a State-approved schedule for meeting these requirements no 
later than April 1, 2009. 

• Disinfection profiling and benchmarking to assure continued levels of microbial 
protection while PWSs take the necessary steps to comply with new disinfection by-
product standards. 

2.3.5.4.4 Compliance Status 

Since Columbia is currently operating with a groundwater source water classification, the 
monitoring to determine the bin classification required under the LT2 ESWTR has not been 
performed. However, in a recent study conducted by the USGS for the City of 
Independence, MO samples analyzed from the Missouri River, two vertical wells , and a 
collector well demonstrated riverbank filtration was effective in the removal of total coliform 
bacteria, Cryptosporidium, Giardia, and total cuturable viruses. As a result, it is anticipated 
that raw water quality, entering the treatment plant, will be classified under Bin 1. Source 
water monitoring will be required under this regulation to confirm the bin classification, but if 
this assumption were verified during monitoring, McBaine would not require additional 
action beyond conventional treatment and filtration to comply with this rule. 

2.3.5.5 

Stage 1 D/DBPR was finalized on December 16, 1998 and became effective on January 1, 
2002. All public water systems (PWS), including both surface water system and 
groundwater system, serving populations greater than 500 people and using a primary 
disinfectant other than UV light are subject to the Stage 1 DBPR. 

Stage 1 Disinfectants/Disinfection Byproducts Rule 

2.3.5.5.1 Disinfection Byproducts Limits 

The Stage 1 D/DBPR includes a reduction in the MCL for total trihalomethanes (TTHMs), 
regulation of a new group of disinfection by-products known as haloacetic acids (HAAs), 
and regulation of bromate and chlorite. It also sets maximum residual disinfectant levels 
and goals (MRDLs and MRDLGs) and places several restrictions on disinfection practices. 
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The requirements of the Stage 1 D/DBPR are summarized in Table 2.11. Under the Stage 1 
DBPR, the monitoring requirements for TTHMs and HAAs will be the same as is currently 
required for TTHM compliance under the Total Trihalomethanes Rule. Compliance with the 
MRDL is based upon a running annual average, computed quarterly. 

 

Table 2.11 Stage 1 D/DBP Rule MCL and MRDL1 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Constituent 

Concentration (mg/L) 

USEPA & FDEP 
MCL 

USEPA 
MRDL 

Total Trihalomethanes (TTHM) 1,3 0.080 -- 

Haloacetic Acids (HAA5)1,4 0.060 -- 

Bromate Ion (BrO3
-) 0.010 -- 

Chlorite Ion (ClO2
-) 1.0 --- 

Free Chlorine2 -- 4.0 

Chloramines2 -- 4.0 

Chlorine Dioxide -- 0.8 

1. Annual average compliance basis. 
Notes: 

2. As total chlorine. 
3. Sum of chloroform, bromodichloromethane, dibromochloromethane, and bromoform. 
4. Sum of mono-, di-, tri-chloroacetic acids, and mono- and di-bromoacetic acids. 

 

2.3.5.5.2 Disinfection By-Product Precursor Removal 

In addition to establishing the MCLs and MRDLs, the Stage 1 D/DBPR requires the 
reduction of DBP precursors. The treatment technique specified is termed enhanced 
coagulation or enhanced precipitative softening and it uses total organic carbon (TOC) as a 
surrogate for natural organic matter (a DBP precursor material). Source water TOC 
concentration of >2.0 mg/L triggers implementation of this treatment technique. The Rule 
specifies the percentage of influent TOC that must be removed based on the raw water 
TOC and alkalinity levels, as shown in Table 2.12. 
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Table 2.12 Stage 1 D/DBP Required Removal of TOC by Enhanced Coagulation 

and Enhanced Softening 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Raw Water TOC 
(mg/L) 

Source Water Alkalinity (mg/Las CaCO3) 

0 to 60 >60 to 120 >120 

>2.0 - 4.0 35.0% 25.0% 15.0% 

>4.0 to 8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 40.0% 30.0% 

The removal requirements specified in Table 2.12 were developed with recognition that 
TOC removal tends to become more difficult as source water alkalinity increases and TOC 
decreases. 

Conventional treatment plants are required to monitor TOC concentrations by taking one 
“paired” sample per month. A paired sample consists of simultaneously measuring the TOC 
in a treated water sample (prior to the point of combined filter effluent turbidity monitoring) 
and the TOC in a source water sample (prior to any treatment). One source water alkalinity 
sample per month is also taken at the same time and location as the source water TOC 
sample. Reduced monitoring (per quarter) is permitted if the average annual treated water 
TOC is <2.0 mg/L for two consecutive years or <1.0 mg/L for one year. Compliance with the 
TOC requirement is calculated with a running annual average, computed quarterly. 

The IESWTR also provides alternative (to TOC removal) compliance criteria—which are 
separate and independent of the Step 2 enhanced coagulation procedure and the 
enhanced softening alternative performance criteria—from the treatment technique 
requirements provided certain conditions are met: 

1. Source water TOC <2.0 mg/L based on monthly monitoring calculated quarterly as a 
running annual average of all measurements. 

2. Finished water TOC <2.0 mg/L based on monthly monitoring calculated quarterly as a 
running annual average of all measurements. 

3. Source water specific ultraviolet absorption (SUVA) <2.0 L/mg-m based on monthly 
monitoring calculated quarterly as a running annual average of all measurements. 

4. Finished Water SUVA <2.0 L/mg-m based on monthly monitoring calculated quarterly 
as a running annual average of all measurements. 

5. Source water TOC <4.0 mg/L; Source water alkalinity >60 mg/L as CaCO3; 
TTHM <0.040 mg/L; HAA5 <0.030 mg/L based on monthly monitoring for TOC and 
alkalinity or quarterly monitoring for TTHMs and HAA5, calculated quarterly as a 
running annual average of all measurements. 
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6. TTHM <0.040 mg/L; HAA5 <0.030 mg/L based on monitoring for TTHMs and HAA5, 
calculated quarterly as a running annual average of all measurements. 

Following a one-year monitoring period, systems that do not satisfy the TOC removal 
requirements or the alternative compliance criteria must conduct jar testing (Step 2) to 
determine alternative compliance criteria for TOC removal, if they are not practicing 
enhanced softening. Under the Step 2 enhanced coagulation protocol, the alternative 
enhanced coagulation compliance criteria for TOC removal are defined either as: 

A. The dose of coagulant that achieves the percent removal dictated by the TOC 
removal matrix. 

OR 

B. The percent TOC removal occurring at the point of diminishing return (PODR) for  
the coagulant. The PODR is defined as the point on the TOC removal-vs.-coagulant 
addition plot where the slope changes from greater than 0.3/10 to less than 0.3/10 
and stays at less than 0.3/10 until the target pH is reached. 

If softening systems (i.e. Preston and Hialeah WTPs), cannot meet the Step 1 TOC removal 
requirements, they must meet one of the following three alternative enhanced softening 
compliance criteria based on monthly monitoring calculated quarterly as a running annual 
average of all measurements. 

Produce a finished water with a SUVA <2.0 L/mg-m. 

1. Remove a minimum of 10 mg/L magnesium hardness (as CaCO3). 

2. Lower alkalinity to less than 60 mg/L as CaCO3. 

2.3.5.5.3 Compliance Status 

McBaine’s raw water TOC is consistently less than 4.0 mg/L and raw water alkalinity is 
typically about 300 mg/L. Based on source water quality and the removal requirements 
specified in Table 2.12 McBaine must remove 15% of raw water TOC through its treatment 
process to comply with Stage 1 DDBP rule. 

Figure 2.6 shows results from TOC monitoring at the plant. As shown, McBaine treatment 
process is removing an average of approximately 25% based on these monitoring data, 
which is well within the TOC removal requirements of this rule. 

Stage 1 DDBP rule also sets MCLs for DBP concentrations in the distribution system.  

 
  



Figure 2.6 –TOC Removal  
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Figure 2.7 and 2.8 shows monitoring data for TTHMs and HAAs, respectively, within the 
distribution system. These data are provided by DNR, which conducted a study from 
February 2007 to April 2009. During this time, McBaine was chlorinating water with free 
chlorine for both primary and secondary disinfection. As shown, HAA concentrations 
occurred well below the MCL, however, TTHM concentrations occurred near and 
sometimes above the TTHM MCL of 80 ug/L.  

To address the formation of TTHMs, McBaine WTP with the University of Missouri, 
Columbia performed a study to determine if using chloramines instead of chlorine for 
secondary disinfection would help control the formation of DBPs. To predict the formation of 
HAAs and TTHMS within the distribution system, finished water was dosed with 
chloramines and allowed to incubate over several hours at different temperatures. The 
results of this study are shown in Figures 2.9 and 2.10. These figures show that the 
formation of HAAs and TTHMs is significantly reduced when using chloramines for 
disinfection residual as compared to chlorine. As a result of these findings and to control the 
formation of DBPs in the distribution system, McBaine has switched to chloramines for 
secondary disinfection effective in June 2010. As a result, it is anticipated that McBaine 
finished water will comply with the DBP MCLs established for this rule. 

2.3.5.6 

The Stage 2 Disinfectants/Disinfection By-Products Rule (Stage 2 DBPR) was finalized in 
December 2005, and published in the Federal Register on January 4, 2006. The 
Stage 1 D/DBPR will remain in effect until compliance monitoring for the Stage 2 DBPR 
begins in 2012 (first for systems serving populations greater than 100,000). 

Stage 2 Disinfection/Disinfection By-Products Rule 

All PWS serving populations greater than 500 people and using a primary disinfectant other 
than UV light are subject to the Stage 2 DBPR. The purpose of this Rule is to strengthen 
the Stage 1 D/DBPR requirements and reduce occurrences of disinfection by-products 
concentration spikes in distribution systems. The MCLs for TTHMs and HAAs remain the 
same as those in the Stage 1 D/DBP Rule (80 and 60 µg/L respectively), but the manner in 
which compliance is calculated has changed.  

For Stage 2, the MCLs for TTHMs and HAAs must be met as a locational running annual 
average (LRAA)–the average concentration at each monitoring location–rather than as the 
running annual average (RAA) of the system as a whole. Furthermore, samples must  
be taken during peak months of TTHM and HAA occurrence. The new compliance 
requirements are meant to enforce a reduction of average DBP concentrations at peak 
locations and peak times. For the compliance calculation, samples are taken at each 
monitoring location (Surface water and GWUDI systems serving 1,000,000 - 4,999,999 
people, like MDWASD, will have 16) on a quarterly basis, and the LRAA is calculated as the 
average of the most recent sample and the three preceding samples. 
  



Figure 2.7- TTHM Concentration in distribution 
system under chlorination (Source: DNR) 
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Figure 2.8 – HAA Concentration in distribution 
system under chlorination (Source: DNR) 
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Figure 2.9 –HAA Concentration using 
Chloramines (Source: Columbia, MODBP Project) 
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Figure  2.10 –TTHM Concentration with Chloramines 
(Source: Columbia, MODBP Project) 
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Compliance monitoring under the Stage 2 DBP Rule is preceded by an Initial Distribution 
System Evaluation (IDSE) study to select site-specific optimal sampling points for capturing 
peak disinfection by-product concentrations. There are three options for conducting the 
IDSE: 

• Standard Monitoring Plan (SMP) - A distribution system sampling plan, which has 
been developed by the USEPA that includes one year of sampling. The sampling 
requirements vary based on population served. 

• System Specific Study (SSS) - The use of historical data that exceeds the SMP data 
requirements or the use of a calibrated hydraulic model and one round of sampling to 
determine compliance monitoring locations. 

• 40/30 Certification - two years of data that shows that THM and HAA samples have 
never exceeded 40 µg/L and 30 µg/L respectively in the distribution system. If  
40/30 certification is met, systems are not required to perform the IDSE. 

After compliance monitoring begins, the Stage 2 DBPR requires the PWS to calculate 
operational evaluation levels (OEL) after every quarterly sample. The OEL is meant to 
prevent MCL violations by providing an early warning of possible future violations. If the 
OEL exceeds the MCL, the PWS must provide a report to the administering agency 
detailing the changes it is going to make in order to avoid an MCL violation. 

2.3.5.6.1 Compliance Status 

Since switching to chloramines as a distribution system residual, the City of Columbia has 
seen a dramatic reduction in the distribution system TTHM and HAA5 samples. As such, 
will comply with the requirements of the Stage 2 D/DBPR.  

If McBaine’s source water were to be reclassified as GWUDI, the number of monitoring 
locations would increase to eight and monitoring frequency would remain quarterly. 
However, the LRAA limit is still 60 and 80 ug/L for HAAs and TTHMs, respectively. 
Therefore, with continued use of chloramines for disinfection residual should result in lower 
formation of DBPs and compliance with Stage 2 D/DBPR. See Figure 2.9 and 2.10 for DBP 
formation using chloramines for disinfection residual. 

2.3.6 Groundwater Rule 

The Groundwater Rule was published in November 2006. The purpose of the rule is to 
reduce the risk of illness caused by microbial contamination in public ground water 
systems. The EPA requires a targeted risk-based regulatory strategy for all ground water 
systems. The strategy addresses risks through a multiple-barrier approach that relies on 
five major components: 

• Periodic sanitary surveys of systems that require the evaluation of eight critical 
elements of a public water system and the identification of significant deficiencies;  
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• Triggered source water monitoring when a system (that does not already treat 
drinking water to remove 99.99 percent (4-log) of viruses) identifies a positive sample 
during its Total Coliform Rule monitoring and assessment monitoring (at the option of 
the state) targeted at high-risk systems;  

• Corrective action is required for any system with a significant deficiency or source 
water fecal contamination; and  

• Compliance monitoring to ensure that treatment technology installed to treat drinking 
water reliably achieves 99.99 percent (4-log) inactivation or removal of viruses.  

2.3.6.1 

The EPA feels that a key element of the multiple barrier approach is periodic inspection of 
groundwater systems through sanitary surveys. EPA feels that when sanitary surveys are 
conducted properly, they can provide important information on a water system’s design and 
operation and can identify minor and significant deficiencies for correction before they 
become major problems. The EPA has proposed the following sanitary survey 
requirements: 

Periodic Sanitary Surveys 

States (or authorized agents) conduct sanitary surveys for all groundwater systems at least 
once every three years. 

• Sanitary surveys address all eight elements established in the EPA/State Joint 
Guidance on Sanitary Surveys. 

• States provide systems with written notification, which describes and identifies all 
significant deficiencies no later than 30 days after the onsite survey. 

• Systems consult with the State and take corrective action for any significant 
deficiencies no later than 90 days after receiving written notice of such deficiencies or 
submit a schedule and plan to the State for correcting these deficiencies.  
– States must confirm that deficiencies have been addressed within 30 days after 

the scheduled correction of the deficiencies. 

2.3.6.1.1 Compliance Status 

The State of Missouri interprets the groundwater rule differently than the USEPA so there 
are some differences in how McBaine WTP must comply with this rule. Missouri DNR 
removes the triggered source water-monitoring requirement and instead requires that 
groundwater systems provide 4-log removal of viruses. Systems must prove compliance 
with this requirement by submitting compliance monitoring results demonstrating the plant 
treatment process is achieving 4-log virus removal. 

McBaine WTP complies with the requirements of the State of Missouri groundwater rule. 
See Figure 2.2 for log removal monitoring data. 
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2.3.7 Future Regulations 

2.3.7.1 

The USEPA uses the Contaminant Candidate List (CCL) to prioritize research and data 
collection efforts for future regulations. The contaminants on the list are emerging 
contaminants of concern (ECCs) and are known or anticipated to occur in public water 
systems, but are currently unregulated. The most recent final version of the CCL (CCL3) 
was published in October 8, 2009. It includes 116 contaminants that are being considered 
for future regulations. The current CCL is shown in Table 2.13 and includes twelve 
microbial contaminants and 104 chemical contaminants or contaminant groups. 

Contaminant Candidate List  

 

Table 2.13 Candidate Contaminant List 3 (Revised October 2009) 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Microbial Contaminant Candidates 
 Adenoviruses 
 Caliciviruses 

Campylobacter jejuni  
 Enterovirus 

Escherichia coli (0157)  
Helicobacter pylori  
Hepatitis A virus  

  

 Legionella pneumophila 
 Mycobacterium avium intracellulare 

(MAC)  
 Naegleria fowleri 
 Salmonella enteric 
 Shigella sonnei 
 

Chemical Contaminant Candidates 
 1,1,1,2-Tetrachloroethane 
 1,1-Dichloroethane 
 1,2,3-Trichloropropane 
 1,3-Butadiene 
 1,3-Dinitrobenzene 
 1,4-Dioxane 
 17 alpha-Estradiol 
 1-Butanol 
 2-Methoxyethanol 
 2Propen-1-ol 
 3-Hydroxycarbofuran 
 4,4-Methylenedianiline 
 Acephate 
 Acetaldehyde 
 Acetamide 
 Acetochlor 
 Acetochlor ethanesulfonic acid 

(ESA) 
 Acetochlor oxanilic acid (OA) 
 Acrolein 

 Halon 1011 
 HCFC-22 
 Hexane 
 Hydrazine 
 Mestranol 
 Methamidophos 
 Methanol 
 Methyl bromide 
 Methyl tert-butyl ether 
 Metolachlor 
 Metolachlor ethanesulfonic acid (ESA) 
 Metolachlore oxanilic acid (OA) 
 Molinate 
 Molydbenum 
 Nitrobenzene 
 Nitroglycerin 
 N-Methyl-2-pyrrolidone 

N-Nitrosodiethylamine (NDEA) 
N-Nitrosodimethylamine (NDMA) 
N-Nitroso-di-n-propylamine (NDPA) 
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Table 2.13 Candidate Contaminant List 3 (Revised October 2009) 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

 Alpha-Hexachlorocyclohexane 
 Aniline 
 Bensulfide 
 Benzyl chloride 
 Butylated hydroxyanisole 
 Captan 
 Chlorate 
 Chloromethane (methyl chloride) 
 Clethodim 
 Cobalt 
 Cumene hydroperoxide 
 Cyanotoxins 
 Dicrotophos 
 Dimethipin 
 Dimethoate 
 Disulfoton 
 Diuron 
 Equilenin 
 Equilin 
 Erythromycin 
 Estradiol 
 Estriol 
 Estrone 
 Ethinyl Estradiol 
 Ethoprop 
 Ethylene glycol 
 Ethylene oxide 
 Ethylene thiourea 
 Fenamiphos 
 Formaldehyde 
 Germanium 
  

N-Nitrosodiphenylamine 
N-Nitrosopyrrolidine(NPYR) 
Norethindrone 
N-Propylbenzene 
O-Toluidine 
Oxirane,  
Oxydemeton-methyl 
Oxyfluorfen 
Perchlorate 
Perfuorooctane sulfonic acid (PFOS) 
Permethrin 
Profenofos 
Quinoline 
RDX 
Sec-Butylbenzene 
Strontium 
Tebuconazole 
Tebufenozide 
Tellurium 
Terbufos 
Terbufos sulfone 
Thiodicarb 
Thiophanate-methyl 
Toluene diisocyanate 
Tribufos 
Triethylamine 
Triphenyltin hydroxide (TPTH) 
Urethane 
Vanadium 
Vinclozolin 
Ziram 

CCL3 is the first CCL to use a process for screening contaminants for the list based on a 
formal National Drinking Water Advisory Council (NDWAC) recommendation. USEPA  
also solicited nominations for this list (chemicals, microbes, or other materials); AMWA 
recommended that nitrosamines including N-nitrosodimethylamine (NDMA), N-
nitrosodiethylamine (NDEA) and N-nitrosodi-n-propylamine (NDPA) be added to the CCL3. 
Their letter stated “As systems turn to chloramination as a result of the Stage 2 MDBP 
rules, understanding more about these and other nitrosamine DBPs are critical, since their 
occurrence in drinking water may increase.” 
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Perchlorate, absent from the CCL2 list and listed in the draft CCL3, had been targeted for 
the USEPA to determine if it would be regulated in 2007. Recent discussions (May 2008) 
with USEPA staff indicated that federal regulation in 2008 under the current administration 
was unlikely. USEPA is however, continuing to work developing data on total perchlorate 
exposure, including the release of the FDA’s Total Diet Study. Legislation that would 
provide USEPA with two-and-a-half years to promulgate a final national drinking water 
regulation for perchlorate was approved by a House subcommittee in early November 2007 
(H.R. 1747) would require USEPA to propose a perchlorate MCL one year after the bill’s 
enactment and promulgate a final national regulation 18 months thereafter. As of the 
issuance of this memorandum, the final timeline for disposition of this issue remains 
uncertain. 

2.3.7.2 

The United States Geological Study (USGS) performed a study in conjunction with the City 
of Columbia to determine the presence of ECCs in the McBaine Bottoms. The study 
collected water samples from each if the USGS monitoring wells located within the McBaine 
Bottoms in August 2007 and December 2007. The results of the study reveal that some 
CECs are present in the McBaine Bottoms water. Table 2.14 is a list of compounds found in 
the McBaine Bottoms and in which monitoring well they were discovered. 

CECs in McBaine Bottoms 

 
 
Table 2.14 List of CECs Detected in McBaine Bottoms Monitoring Wells 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Contaminant Monitoring Well 

2-ethylhexyl phthalate MW1-3B 
Bisphenol A MW4-2B 
DEET MW1-2B, MW1-3B, MW1-4B, MW4-2B, MW-

116, MW-133, MW-139, MW4-2C 
Diethyl phthalate MW-133, MW4-2C 
Indole MW1-4B 
Phenol MW1-3B, MW4-2B, Mw4-2C 
Prometon MW1-4B 
Tributyl phosphate MW-133, MW139 
1,7-Dimethylxanthine MW-139  
Acetaminophen MW-116 , MW-133 
Caffeine MW-139  
Dehydronifedipine MW-116  
Warfarin MW-116  
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Although this study shows there are some ECCs present in the McBaine Bottoms these 
compounds are also present in Missouri River. A separate study done by the Missouri 
University of Science and Technology shows pharmaceutical and personal care 
compounds occurring in all source water types, including the Missouri River and 
groundwater. Figure 2.11 shows the occurrence and concentration of contaminants in 
different types of source water. Generally, there were more contaminants found in Missouri 
River water than in ground water. When detected in river water, these compounds also 
occurred in higher concentrations than in ground water. 

2.3.7.3 

NDMA or N-nitrosodimethylamine, is an organic compound that is toxic and suspected 
carcinogen. Sources of NDMA include discharges from rocket fuel production, discharges 
from certain industries, as well as a byproduct of disinfecting water and wastewater. 

NDMA 

It has been found to be carcinogenic in all experimental animals tested and producing liver 
tumors after oral administration in rats and tumors in lung, liver, and kidney after inhalation 
exposures in rats and mice. Because of its high carcinogenic health risk, even in very small 
concentrations, NDMA in drinking water is of particular concern. Table 2.15 shows how 
estimated carcinogenic risk increases with increasing NDMA concentration. (Source: EPA, 
Integrated Risk Information System). 

Risk Level Concentration 
E-4 (1 in 10,000) 7E-2 ug/L 
E-5 (1 in 100,000) 7E-3 ug/L 

E-6 (1 in 1,000,000) 7E-4 ug/L 

Due to heightened concerns, some states (California) and countries such as Canada have 
suggested maximum contaminant concentrations for NDMA in drinking water. Canada has 
established a 9 ng/L health objective and the State of California has established an action 
level of 10 ng/L.  

The University of Missouri did a study of Missouri drinking water plants that use 
chloramines for disinfection residual to determine the occurrence of NDMA and the 
concentrations of their presence in drinking water in the state of Missouri. Eleven treatment 
plants were involved in the study, which found four of the 11 plant finished water experience 
NDMA concentrations above the California action level of 10 ng/L at least during parts of 
the year. NDMA concentrations for these four plants ranged from 14 to 29 ng/L. The 
remaining seven plants were below the 10 ng/L action level and ranged from 3 to 7 ng/L. 
Although McBaine WTP did not participate fully in this study, raw water was collected from 
the water treatment plant to determine NDMA formation potential. Raw water was collected 
and dosed with a 1mM solution of monochloramine. After a 48-hour reaction period, the 
water sample was measured for NDMA. The resulting NDMA concentration measured was 
14 ng/L, establishing Columbia raw water possesses at least some NDMA formation 
potential.  



Figure 2.11 –Concentration of CEC’s in Untreated Water  
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2.3.7.3.1 Compliance Status 

Samples taken by the Columbia Water and Light Department indicated NDMA 
concentrations were below detectable levels at both the plant effluent and current TTHM 
sampling sites within the distribution system. Recent research conducted by the Water 
Research Foundation (WRF) on the formation pathways of NDMA indicate that dosing with 
free chlorine for a short period of time prior to formation of combined chlorine (i.e. 
chloramination) severely limits or eliminates the potential for the formation of NDMA. As a 
result, with the current disinfection practices of chlorination followed by chloramination, it is 
not anticipated that NDMA formation will be concern when moving forward with any 
expansion project.  
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Chapter 3- Process Evaluation 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

3.1 PURPOSE AND SCOPE 
The purpose of this chapter is to provide a summary of the current treatment process at the 
McBaine WTP, establish recommended design criteria for the existing unit processes 
contained within the treatment plant, and determine the capacity rating of that unit process. 
In this manner, the bottlenecks to expansion and/or satisfying current or anticipated future 
water quality goals can be identified. This information will be important to determine the 
potential modifications to achieve the expansion and treatment goals for the McBaine WTP.  

Design criteria governing the construction of new water treatment facilities will be 
established based upon the following: 

• State of Missouri Department of Natural Resources (MoDNR) Minimum Design 
Standards for Community Water Systems (Draft – September 2010) 

• Recommended Standards for Water Works (2007) – “10 States Standards” 

• Internal Carollo process evaluation guidelines 

Variances from these criteria that are necessary to meet future demands utilizing the 
existing (retrofitted) facilities are also outlined. Based upon this analysis, Carollo Engineers, 
INC. (Carollo) will provide the City with potential alternatives to modify the existing 
treatment processes as required to meet treatment goals or capacity expansion goals.  

The scope of the process evaluation will cover treatment processes and equipment 
contained within the water treatment plant and will include: 

• Aeration 

• Softening clarification and flocculating clarification 

• Filtration 

• High Service Pumps 

3.2 EXISTING PLANT OVERVIEW 

3.2.1 Treatment Concept 

Figure 3.1 illustrates the treatment concept for the McBaine WTP. The McBaine WTP 
obtains its raw water from a series of 15 vertical groundwater wells located near the 
Missouri River. 
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The treatment process includes aeration to precipitate dissolved iron and strip carbon 
dioxide and hydrogen sulfide from the raw water prior to softening. Following aeration, the 
water proceeds to primary treatment basins where it is softened in a single-stage, non-
carbonate limited, process through the addition of lime to achieve target hardness of 
150 mg/L as CaCO3 at the plant effluent. 

Following primary treatment, a solution of hypochlorous acid is added prior to entering the 
secondary treatment basins to achieve a minimum 4-log removal of virus, prevent algae 
growth, and allow for a 2-3 mg/L residual following filtration. The secondary treatment 
basins are utilized to provide additional reaction time to stabilize the water, settle out 
turbidity, and provide contact time between the chlorine and the settled water from the 
primary basins. Following the secondary treatment basins, fluoride is added at the common 
secondary basin effluent chamber prior to filtration to achieve a 1 mg/L target fluoride 
concentration. Filtration consists of tri-media (torpedo sand, sand, and anthracite) 
conventional declining rate filter units with the goal of turbidity reduction for aesthetic 
purposes. High service pumps located on the common filter effluent piping pump finished 
water from the McBaine WTP through two 36-inch pipes to the West Ash Street Reservoirs 
where it is pumped into the remainder of the distribution system. Liquid Ammonium sulfate 
is added at the common discharge through each 36-inch pipe to form 2-3 mg/L of 
monochloramine prior to entering the distribution system.  

3.2.2 Design Criteria 

Table 3.1 presents the design criteria for the McBaine WTP and Figure 3.2 presents a 
detailed flow schematic of the McBaine WTP. The aeration system is designed with an 
air/water ratio to precipitate dissolved iron and strip carbon dioxide and hydrogen sulfide to 
raise the pH and remove any objectionable odors. Effluent from the four aerators is 
combined into a common wet well where it is mixed with backwash and lagoon decant 
return water from the reclaim pump station. It can also be mixed with solids returned from 
any of the first four treatment basins. However, based upon discussions with plant staff, this 
option is rarely utilized due to negligible impact on the treatment process performance.  

The concrete wet well is connected to four concrete flumes each of which can be isolated to 
take any one of the four treatment trains off-line. Each of the flumes contains a 1.5 ft wide 
Parshall flume for flow measurement but these are not currently in use. The flow split to the 
treatment trains is controlled hydraulically through the Parshall flumes and the effluent weirs 
on the primary clarification units.  
  



Figure 3.1 - Existing Treatment Concept 
Chapter 3 – Process Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Primary 
Softening 

1-4 

Aerators 
1-4 

Constant 
Head Filters 

1-8 

Pumps 
1-8 

Secondary 
Softening 

1-4 
Wells 
1-15 

Li
m

e 

Flow Splitting 

C
h
lo

ri
n
e 

A
m

m
o
n
ia

 

Fl
u
o
ri

d
e 



 

December 2012 – FINAL 3-4 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 3_ 

The treatment basins are arranged into four 8 mgd trains with a primary and secondary 
basin in each of the trains (see Figure 3.3). Train 1 and Train 2 were constructed along with 
the original plant in 1970 with a Walker Process solids contact clarifier as the primary basin 
and a Walker Process flocculating clarifier as the secondary treatment basin. The original 
treatment concept for the plant involved split treatment with enhanced lime softening with a 
20-inch aeration bypass serving to supply the secondary basin with raw water. Carbon 
dioxide was added to the secondary basin inlet along with the bypass to stabilize the water 
in the secondary basin prior to filtration. In addition, settled lime residuals could be pumped 
from the bottom of the primary and secondary basins and either recycled to the head of 
each secondary basin to aid in solids buildup and settling or sent to the lagoons for drying 
and disposal. Based upon discussions with plant staff, this mode of treatment was 
discontinued shortly following plant startup for the following reasons: 

• The size and control of the bypass was inadequate to stabilize the water prior to 
filtration. 

• The primary basins and secondary experienced significant plugging of the solids blow 
down lines. 

• Significantly, less residuals were produced from the current operation. 

Train 3 has IDI Accellator solids contact clarifiers in both the primary and secondary basins 
while Train 4 has a US Filter Contraflow C solids contact clarifiers in both the primary and 
secondary basins. Neither of these basins are equipped with solids recycle or raw water 
bypass to the secondary basins. However, both Train 3 and Train 4 have gates in place to 
permit a hydraulic split to allow both the secondary basins to operate as primary basins in 
case the primary basins are out of service. This feature is currently not available for trains 1 
and 2. 

The effluent for Train 1 and Train 2 secondary basin flow to a central effluent drop box 
where fluoride is added prior to entering the common filter influent pipe. Similarly, the 
effluent for Train 3 and Train 4 secondary basins flow to a central effluent drop box where 
fluoride is added prior to entering the common filter influent pipe. Both drop boxes serve as 
a central point where chemicals can be added prior to filtration and are equipped with 
isolation gates to permit bypass of the secondary basins to take the effluent from any of the 
primary clarifiers directly to filtration in case any of the secondary basins are out of service. 
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Settled water from the four treatment train flows through the drop boxes to eight (8) multi-
media filters operating in declining rate mode. Effluent from the underdrain of each filter 
flows through a venture meter and on/off control valve to a common 24-inch filtered water 
effluent pipe. Eight (8) vertical turbine pumps are connected to the 24-inch filtered water 
effluent pipe and pump water from the filter to the west ash pump station through two (2) 
36-inch finished water transmission mains. Liquid ammonium sulfate is injected into each 
36-inch main prior to leaving the treatment plant to form combined chlorine 
(monochloramine) for use as a secondary disinfectant. 

 

Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Aerators 

Aerator type Induced Draft 

No. of aerators ea 4  

Aerator footprint ft-in 10’-6” x 24’-0” 
x 12’-0” high  

Capacity gpm 5600  

Number of blowers ea 4  

Blower capacity scfm 4,950 at 3/8” static 
pressure/blower 

Horsepower of blowers HP 1.5  

Air-to-water ratio scfm/gpm 2.6 8 mgd 

Lime Softening Basins 

Trains 1 & 2 - Primary Basins 1 & 2 

Type of basin equipment Walker Flocculating Clarifier HC-RSX 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width ft-in 80’-0”  

Side water depth ft 16’-9”  

Detention time beneath 
reaction well cylinder min 26  

Diameter of reactor cone ft 43’- 0” 43’ at bottom, 26’ at top 
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Volume beneath the reactor 
cone gal 145,600  

Recirculation capacity # of times 
the flowrate Approx. 2  

Recirculation drive flow gpm 12,200 At pump max speed 119 
rpm 

Recirculation drive hp hp 7.5  

Drive type  Axial flow 
impeller pump  

Drive tip speed ft/sec 19 < 14 ft/sec Recommended 

Drive diameter inches 37  

Detention time in the settling 
area min 122  

Volume in the settling area gal 684,400  

Rise rate in the settling area gpm/ft2 1.02 at 8 mgd  

Scraper drive hp hp 3  

Scraper tip speed ft/min 7-21 7, 11, 16 or 21 ft/min 

Cutout torque ft-lbs 200,000  

Design torque ft-lbs 100,000  

Weir length ft 829  

Weir Loading Rate gpm/ft 6.7 at 8 mgd 

Size of sludge line in 8  

Train 3 - Primary Basin 3 

Type of basin equipment IDI Solids Contact Clarifier, Accelator Type IS 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width ft 80  

Side water depth ft 16’ - 11"  
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Detention time beneath 
reaction well cylinder min 16 at 8 mgd 

Diameter of reactor cone ft 34’- 0”   

Volume beneath the reactor 
cone gal 90,600  

Recirculation capacity # of times 
the flow rate 13  

Recirculation drive flow gpm 73,900  

Recirculation drive HP hp 10  

Drive type  Rotor Impeller  

Drive tip speed ft/sec Unknown < 7 ft/sec 

Drive diameter inches Unknown  

Detention time in the settling 
area min 132 at 8 mgd 

Volume in the settling area gal 739,400  

Rise rate in the settling area gpm/ft2 1.07 at 8 mgd  

Scrapper drive hp hp 1 ½  

Scraper tip speed ft/min Unknown  

Cutout Torque ft-lbs 60,000  

Design Torque ft-lbs 45,000  

Weir length ft 912  

Weir Loading Rate gpm/ft 6.1 at 8 mgd 

Size of sludge line in 2- 8” lines  

Train 4 - Primary Basin 4 

Type of basin equipment US Filter GF Solids Contact Clarifier Contraflow C 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width 
 

ft 
 

80 
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Side water depth ft 16’ -11”  

Detention time beneath 
reaction well cylinder min 22 at 8 mgd 

Diameter of reaction cone ft 38’ - 6"  

Volume beneath the reactor 
cone gal 123,200  

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation drive flow gpm 33,600 6:1 ratio 

Recirculation drive motor hp 15  

Drive Type  Propeller  

Drive tip speed ft/sec 3.6 - 14.5  9.2 rpm to 37 rpm < 14 
ft/sec recommended 

Drive diameter Inches 90  

Detention time in the settling 
area min 127  

Volume in the settling area gal 706,800  

Rise rate in the settling area 
2 feet below normal water 
level 

gpm/ft2 0.96 @ 8 mgd per basin 

Scraper drive motor hp 0.5  

Scraper tip speed ft/min 8.2  

Cutout Torque ft-lbs 38,400 65,000 recommended 

Design Torque (alarm) ft-lbs 32,000 60,000 recommended 

Launder length ft 920  

Orifice Loading Rate gpm/ft 6 at 8 mgd 

Size of sludge line in 12”  
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Trains 1 & 2 - Secondary Basin 1 & 2 

Type of basin equipment Walker Flocculating Clarifier UV-FC-RSX 
Basin design flow mgd 8  
Basin hydraulic flow mgd 12  
Basin volume gal 758,000  
Basin width ft 80’-0”  
Side water depth ft 15’- 6”  
Detention time beneath 
flocculation cylinder min 26  

Diameter of reactor cone ft 45’- 0”  
Volume beneath the reactor 
cone gal 145,000  

Recirculation capacity # of times 
the flowrate Less than 5  

Recirculation drive flow gpm Unknown  
Recirculation drive motor hp 5  

Drive type  Flocculation 
mixers UV-V5 Unimix  

Drive tip speed ft/sec 13  
Drive diameter Inches 50  
Detention time in the settling 
area min 109  

Volume in the settling area gal 613,000  
Rise rate in the settling area gpm/ft2 1.02 at 8 mgd per basin 
Scraper drive motor hp 1/2  
Scraper tip speed ft/min 10  
Cutout Torque ft-lbs 93,200  
Design Torque  ft-lbs 46,600  
Weir length ft 829  
Weir Loading Rate gpm/ft 6.7 at 8 mgd 
Size of sludge lines  
 

in 
 

8 
 

One 8” line 
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Train 3 - Secondary Basin 3 

Type of basin equipment IDI Solids Contact Clarifier, Accelator Type IS 

Basin design flow mgd 8  

Basin Hydraulic flow mgd 12  

Basin volume gal 758,000  

Basin width ft 80’-0”  

Side water depth ft - inches 15’ - 6"  

Detention time beneath 
flocculation cylinder min 15 at 8 mgd per basin 

Diameter of reactor cone ft 34’- 0”  

Volume beneath the reactor 
cone gal 83,500  

Recirculation capacity # of times 
the flowrate 13  

Recirculation drive flow gpm 73,900  

Recirculation drive hp hp 10  

Drive type  Rotor Impeller  

Drive tip speed ft/sec Unknown < 7 ft/sec recommended 

Drive diameter Inches Unknown  

Detention time in the settling 
area min 120  

Volume in the settling area gal 674,500  

Rise rate in the settling area gpm/ft2 1.07 at 8 mgd per basin 

Scrapper drive hp hp 1 ½  

Scraper tip speed ft/min ?  

Cutout Torque ft/lbs 60,000  

Design Torque ft/lbs 45,000  

Weir length ft 912  

Weir Loading Rate gpm/ft 6.1 at 8 mgd 

Size of sludge lines (1 line) in 2 - 8 in  
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

 
Train 4 - Secondary Basin 4 

Type of basin equipment US Filter GF Solids Contact Clarifier Contraflow C 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 758,000  

Basin width ft 80’-0”  

Side water depth ft 15’- 6”  

Detention time beneath 
flocculation cylinder min 22 @ 8 mgd 

Diameter of reaction cone ft- inches 38’-6”  

Volume beneath the reactor 
cone gal 124,800  

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation drive flow gpm 33,600 6:1 ratio 

Recirculation drive motor hp 15  

Drive type  Propeller  

Drive tip speed ft/sec 14.5-3.61 14.5-3.6 < 14 ft/ sec 
recommended 

Drive diameter inches 90  

Detention time in the settling 
area min 113  

Volume in the settling area gal 633,200  

Rise rate in the settling area 
2 feet below normal water 
level 

gpm/ft2 0.96 @ 8 mgd per basin 

Scraper drive motor hp 0.5  

Scraper tip speed ft/min 8.2  

Cutout torque ft-lbs 38,400 65,000 recommended 

Design Torque (alarm) ft-lbs 32,000 60,000 recommended 
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Launder length ft 920  

Orifice Loading Rate gpm/fr 6.0 at 8 mgd 

Size of sludge lines (1 line) in 12  

Filters 

Type Declining Rate, dual media with gravity backwash from a 
backwash pump 

Number of filter bays ea 8  

Cells per bay ea 2  

Area of Filter sq ft 676 (26’x26’)  

Total filter area sq ft 5,408  

Filtration Rate gpm/sq ft 4.7 32 mgd 

 Filter Media   

Anthracite Coal: 
Depth 

Effective Size 
Uniformity Coefficient 

Specific Gravity 

 
inches 
 
 
 

 
21 
Unknown 
Unknown 
Unknown 

 
 

Fine Sand: 
Depth 

Effective Size 
Uniformity Coefficient 

Specific Gravity 

 
inches 
 
 
 

 
7 
Unknown 
Unknown 
Unknown 

 

Garnet: 
Depth 

Effective Size 
Uniformity Coefficient 

Specific Gravity 

 
inches 
 
 
 

 
2 
Unknown 
Unknown 
Unknown 

 

Gravel: 
Total Depth 

 

 
inches 
 

 
12 
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Table 3.1 Existing Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 

Filter backwash: 
 Maximum Water Rate 

Normal Duration 
Surface Water Rate 

Normal Duration 

 
gpm/sq ft 
min 
gpm  
min 

 
15 
10 
620 (assumed) 
1 

 

High Service Finished Water Pump Station 

Type: Vertical Turbine    

Quantity of pumps ea 4 (same size) Space for 5 pumps 

Total capacity mgd 16.7 150 psi 

Firm capacity mgd 12.5 150 psi 

 

3.3 UNIT PROCESS EVALUATION 

3.3.1 Aerators 

3.3.1.1 

McBaine WTP currently has four induced draft tray aerators. Each aerator is approximately 
10.5 feet by 23 feet in plan. A 48” pipeline transmits raw water from the well field to the 
plant. Once at the plant site, the 48” raw water necks down to 36” for flow measurement 
through a Parshall flume before flow is split between the operating aerators. Each aerator 
has a 12” inlet pipe connection and 30-inch effluent pipe connection. 

Description 

Table 3.2 lists the design criteria for each aerator. Each aerator has four, 1.5 hp blowers. 
Shop drawings from Aerators 3 and 4 were used to develop the design criteria in Table 3.2, 
and it is assumed that Aerators 1 and 2 are similar. Nameplate information on Aerators 1 
and 2 states that these two units were installed as part of an aerator rehabilitation project in 
1995. They are Tonka Equipment Company aerators sized for 8 mgd of flow each. 
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Table 3.2 Existing Aerators Design Criteria 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 
Aerators 

Aerator type Induced Draft Tray (PVC Slat ) type 

No. of aerators ea 4  

Aerator footprint ft-in 10’-6” x 24’-0” x 
12’-0” high  

Capacity gpm 5600  

Number of blowers ea 4  

Blower type US Filter ID-246 

Blower capacity scfm 4,950 at 3/8” static 
pressure/blower 

Horsepower of blowers HP 1.5  

Air-to-water ratio scfm/gpm 2.6 8 mgd 

 

Forced draft aeration is typically utilized to provide contact between air and water for the 
purpose of oxidation. The most common arrangement is to provide air and water as 
counter-current flows. Air is induced up through the aerator chamber while the water is 
introduced at the top of the unit and allowed to fall though the aerator internals. The oxygen 
content of the water increases as air sweeps though the falling water, which removes 
dissolved gases (carbon dioxide and hydrogen sulfide) and oxidizes soluble iron and some 
manganese. 

A typical forced draft aeration process is able to remove 65 percent of the carbon dioxide in 
solution. The typical design criteria for aerators consists of two different components: 

• Hydraulic loading rate 

• Air-to-water ratio 

Given a footprint of 252 square feet each, the hydraulic loading rate is 22 gpm/ft2, which is 
within the expected range for aerator; 25 gpm/ft2  is often used as a rule of thumb. The 
typical air-to-water ratio for an aerator is 3. Assuming three duty and one standby blower 
per aerator, the air to water ratio at maximum flow of 8 mgd is 2.67. 
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The four aerators at McBaine WTP are side by side and discharge into a common 
discharge conduit that leads to two parallel riser wells. Downstream of the riser wells, flow 
is split between to each of the four softening treatment trains using Parshall flumes. 

3.3.1.2 

Chapter 4 of The Design Guide for Community Water Systems (August 2003) published by 
the Missouri Department of Natural Resources includes several requirements for induced 
draft tray aerators. 

State Requirements 

Induced draft aeration shall: 

1. Include a down-turned and 18-mesh screened air outlet and inlet.  

2. Provide loading at a rate of 1 to five gpm for each square foot of total tray area 

3. Discharge through a series of fire or more tray with separation of trays not less than 
six inches 

The updated draft Design Guide for Community Water System (October 2010) currently out 
for comment, included some additional requirements and changes including: 

1. Blowers must provide a combined flow of 3.5 to 6 cubic feet of air per minute for each 
gallon of water flow 

2. Additional requirements for safely removing a lowering trays to the ground 

3.3.1.3 

Based upon the design air/water ratio of the existing aerators, if the 2010 design standards 
are adopted as presented in the draft version, the existing aerators are not equipped 
sufficient air/water ratio and would be derated from 8 mgd to approximately 6.93 mgd each. 
However, it can be demonstrated that the relatively high pH and historically low hydrogen 
sulfide concentration do not require this higher air to water ratio (see Table 3.3). In addition, 
the softening process will precipitate and remove any dissolved iron and manganese due to 
the high pH and oxygen concentration in the solids contact clarifier. As a result, any 
subsequent expansion should examine the means to satisfy these proposed criteria either 
through the selective replacement of the induced draft blowers or through a variance from 
the required air-to-water ratio based upon historical influent characteristics. 

Potential Process Modifications 

It is possible that the installation of a collector well may not require aeration (the Board of 
Public Utilities[Kansas City, KS] does not utilize aeration) since a sufficient blend of 
oxidated river water and ground water could result in a sufficiently stable water with respect 
to dissolved iron and gases. However, collector well water quality is very site specific and it 
may be that aeration will be required to strip carbon dioxide and other dissolved gases prior 
to treatment at the McBaine WTP. Therefore, it is the assumption of this report that aeration 
will be required as part of any expansion process. 
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Six technologies were considered to determine the feasibility of expanding the aeration 
process at the McBaine WTP. The investigation includes the following alternatives: 

• Diffused aeration, 

• Sprayed aeration, 

• Forced draft aeration, 

• Packed tower aeration, 

• GDT technologies, and  

• Membrane Pervaporation 

Each alternative was evaluated based on CO2 removal, potential for iron oxide oxidation, 
hydraulic limitations, and spatial constraints at the McBaine site. Of the six technologies 
investigated, GDT technologies and membrane pervaporation do not provide an air-to-
water interface during CO2 stripping, as a result, oxygen is not provided to the system and 
iron oxidation does not occur.  

Diffused aeration and spray aeration although typically low in equipment cost require a 
significant land area to operate. Forced draft and packed tower aeration operate on similar 
principles. The main difference in capital costs between the technologies is due to the 
packing material in the packed tower option and the higher number of units required. In 
addition, due to potential difficulties with floc shearing and media plugging with packed 
tower aeration, the following is recommended: 

• Modify the blowers on the existing aerators to increase capacity from 6.03 to 8 mgd or 
apply for a variance from the MoDNR from these provisions based upon the current 
loading rate for the aeration system. 

• Install three new 10 mgd induced draft PVC stacked tray aerators in accordance with 
the design criteria provided in Table 3.3 to increase the aeration capacity as the plant 
is expanded from 32 to 60 mgd.  
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Table 3.3 New Aerator Design Criteria 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or 

Additional Information 
Aerators 

Aerator type Induced Draft Tray (PVC Slat ) type 

No. of aerators ea 3  

Aerator footprint ft-in 21.5’ x 10.5’ x 16’  

Capacity gpm 10  

Maximum Hydraulic 
Loading Rate Gpm/sqft 21.75  

    

Air-to-water ratio scfm/gpm 3.5 to 6.0 8 mgd 

 Operating Information 

No. of units 3 

CO2 removal  65% 

 Influent Characteristics 

pH  

CO2 concentration (mg/L as CO2)  

Fe Concentration (mg/L)  

Mn Concentration (mg/L)  

 Effluent Characteristics 

CO2 concentration (mg/L as CO2)  

pH  

Soluble Fe Concentration (mg/L) reduced through oxidation 

Soluble Mn Concentration (mg/L) unchanged 

 

3.3.2 Primary Treatment Basins – Solids Contact Clarifiers 

3.3.2.1 

The main purpose of the primary treatment basins at the McBaine WTP is the removal of 
calcium and magnesium utilizing precipitation in combination with aggregation or growth of 
the precipitate by solids recycle in the center cone. Lime is added to the raw water as it 

Description 
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enters the center cone of the solids contact clarifier. Under the cone, the raw water and lime 
are mixed together with recirculated solids that have previously precipitated. These 
recirculated solids provide a seed on which the water and lime will react to produce large 
floc. After a short detention time under the center well to form the solids, the water flows 
beneath the cone and into the sedimentation portion of the solids contact clarifier. The 
sedimentation portion of the basin provides solids/liquid separation and the water flows 
through orifices or over weirs in the radial launders before being collected in a center 
launder. The solids are collected at the bottom of the basin and are raked to the center of 
the basin using circular sludge collection rakes. The solids are then pumped to the sludge 
collection pit prior to being pumped to the lagoons. Figure 3.4 illustrates, conceptually, the 
principals behind the operation of Solids Contact Clarifiers (SCCs). 

In addition to removing hardness, the primary treatment basins provide an elevated pH 
environment for the oxidation and subsequent removal of any remaining dissolved iron and 
all of the dissolved manganese following the aeration process. In addition, as indicated in 
Figure 3.6 in Chapter 2, the precipitation of calcium carbonate and iron provide a vehicle for 
some removal of total organic carbon through the primary basins.  

Table 3.4 provides a summary of design criteria for the primary treatment units all of which 
are solids contact clarifiers (SCC’s).  

 

Table 3.4 Existing Design Criteria for Primary Basins – SCC’s 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Lime Softening Basins 

Train 3 - Primary Basin 3 

Type of basin equipment IDI Solids Contact Clarifier, Accelator Type IS 

Basin design flow mgd 8  

Basin Hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width ft 80  

Side water depth ft 16’ - 11"  

Detention time beneath 
flocculation cylinder min 16 at 8 mgd 

Diameter of reactor cone ft 34’- 0”   

Volume beneath the reactor 
cone gal 90,600  

Solids Concentration in 
Center Cone 

% by 
volume 0.5-1% Ideal 8-12% 
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Table 3.4 Existing Design Criteria for Primary Basins – SCC’s 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Lime Softening Basins 

Recirculation capacity 
# of times 
the flow 

rate 
13  

Recirculation drive flow gpm 73,900  

Recirculation drive hp hp 10  

Drive type  Rotor Impeller  

Drive tip speed ft/sec Unknown  

Drive diameter inches Unknown  

Detention time in the settling 
area min 132 at 8 mgd 

Volume in the settling area gal 739,400  

Rise rate in the settling area gpm/ft2 1.07 at 8 mgd  

Scrapper drive hp hp 1 ½  

Scraper tip speed ft/min Unknown  

Cutout Torque ft-lbs 60,000  

Design Torque ft-lbs 45,000  

Weir length ft 912  

Weir Loading Rate gpm/ft 6.1 at 8 mgd 

Size of sludge lines (1 line) in 2- 8” lines  

Train 4 - Primary Basin 4 

Type of basin equipment US Filter GF Solids Contact Clarifier Contraflow C 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width ft 80  

Water depth ft 16’ -11”  

Detention time beneath 
reaction well cylinder min 22 9 mgd 

Diameter of reaction cone ft 38’ - 6"  

Volume beneath the reactor 
cone gal 123,200  
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Table 3.4 Existing Design Criteria for Primary Basins – SCC’s 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Lime Softening Basins 

Solids Concentration in 
Center Cone % by volume 0.5-1% Ideal 8-12% 

Recirculation capacity # of times the 
flowrate 8-10  

Recirculation drive flow gpm 33,600 6:1 ratio 

Recirculation drive motor hp 15  

Drive type  Propeller  

Drive tip speed ft/sec 3.6- 14.5 14.5 -3.6 

Drive diameter inches 90  

Detention time in the settling 
area min 127  

Volume in the settling area gal 706,800  

Rise rate in the settling area 
2 feet below normal water 
level 

gpm/ft2 0.96 @ 8 mgd per basin 

Scraper drive motor hp 1/2  

Scraper tip speed ft/min 8.2  

Cutout torque ft-lbs 38,400 65,000 recommended 

Design torque (alarm) ft-lbs 32,000 60,000 recommended 

Launder length ft 920  

Orifice Loading Rate gpm/ft 6.0 at 8 mgd 

Size of sludge line in 12”  

Trains 1 & 2 - Primary Basins 1 & 2 

Type of basin equipment Walker Flocculating Clarifier HC-RSX 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin width ft-in 80’-0”  

Side water depth ft 16’-9”  

Detention time beneath 
reaction well cylinder min 26  
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Table 3.4 Existing Design Criteria for Primary Basins – SCC’s 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Lime Softening Basins 

Diameter of reactor cone ft 43’- 0”  

Volume beneath the reactor 
cone gal 145,600  

Solids Concentration in 
Center Cone % by volume 0.5-1% Ideal 8-12% 

Recirculation capacity # of times the 
flowrate Approx. 2  

Recirculation drive flow gpm 12,200 At pump max speed 119 
rpm 

Recirculation drive hp hp 7.5  

Drive type  
Axial flow 
impeller 
pump 

 

Drive tip speed ft/sec 19  

Drive diameter ft 37  

Detention time in the settling 
area min 122  

Volume in the settling area gal 684,400  

Rise rate in the settling area gpm/ft2 1.02 at 8 mgd  

Scraper drive hp hp 3  

Scraper tip speed ft/min 7-21 7, 11, 16, 21 ft/min 

Cutout torque ft-lbs 200,000  

Design torque ft-lbs 100,000  

Weir length ft 829  

Weir Loading Rate gpm/ft 6.7 at 8 mgd 

Size of sludge line in 8  
 
  



Figure  3.4 - Solids Contactor Clarifier 
Chapter 3 – Process Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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3.3.2.2 

The State of Missouri Department of Natural Resources Design Guide for Community 
Water Systems (August 29, 2003) have the following requirements for solids contact 
clarification units treating surface water: 

State Requirements 

• A separate rapid mix unit is required prior to the solids contact clarification unit. 

• A separate mechanical flocculation unit will not be required where a solids contact 
basin with a reaction/mixing compartment is provided. 

• Softening units should be capable of maintaining solids concentrations of one percent 
by weight. 

• The flocculation and mixing detention time shall be not less than 30 min  

• The net detention time for the sedimentation portion of the solids contact basin is 
calculated from the total tank volume less the volume of the flocculation/reaction 
compartment. The minimum softening detention time shall be 2.5 to 4 hours. 

• The overflow rate for softening units shall not exceed 1.0 gpm/ft2 at the slurry 
separation line, which is measured as 4 ft below the effluent launder weir elevation. 

• The equipment design should insure that the sludge pipes are not less than 8 inch in 
diameter. 

• Weir loading rate shall not be greater than 20 gpm/ft. 

• Basins providing treatment for GWUDI sources must be SS if no secondary basins 
are provided. 

The 2010 draft design guideline proposes several additional requirements or changes to 
requirements including: 

• Solid circulation rate of 3 to 6 times the design rate of flow of the unit, based on a 
liquid flow volume. 

• Weir and orifice loading rates shall not exceed 10 gpm per foot of length for softeners 
(past requirement was 20 gpm per foot) 

3.3.2.3 

3.3.2.3.1 Historical Basin Performance 

Potential Process Modifications 

As indicated in Chapter 2, the McBaine WTP does not currently satisfy the minimum filtered 
effluent turbidity standards of the Surface Water Treatment and Interim Enhanced Surface 
Water Treatment Rules. As a result, if the source water were classified as a Groundwater 
Under the Direct Influence of Surface Water (GWUDI), the current treatment at the McBaine 
WTP would not comply and this treatment plant would need to be abandoned or modified to 
satisfy these standards. Many surface water or GWUDI facilities within the State of Missouri 
and the Midwest operate with very similar unit processes (Solids Contact Clarification 
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followed by Multi-media filtration) and are capable of complying with these standards. 
Based upon staff interviews, operator questionnaires, and investigations conducted by 
Carollo at the McBaine, WTP, the primary causes for the poor turbidity removal are as 
follows: 

• High Primary and Secondary Basin Effluent Turbidities: Figure 3.5 presents a 
summary of settled primary effluent turbidities from treatment trains 1 through 4 in 
2009. These turbidity values are significantly higher (above 10 Ntu) than the 1-2 Ntu 
anticipated for SCC’s operating with similar loading rates. According to plant staff, 
similar values have been measured for the filter influent turbidities indicating that the 
existing secondary basins provide little or no additional turbidity removal.  

• Declining Rate Filtration: Under the current filtration mode, there is no positive control 
of filtration rate. As discussed in more detail in the subsequent sections, the current 
arrangement of the high service pumps connected directly to the filter underdrain is 
detrimental to filter turbidity removal performance particularly with the high solids 
loading rates on the filters due to the poor performing SCC units. 

As a result, conversion of the McBaine WTP from a groundwater to a GWUDI facility must 
address improving the turbidity removal performance. 

3.3.2.4 

Figure 3.6 presents a summary of the capacity ratings of the existing primary basins based 
upon key basin design parameters from State requirements and Carollo internal design 
standards (whichever is more stringent). Figure 3.6 indicates the following: 

Basin Performance Enhancements 

• Primary Basins 1 and 2 capacities are severely limited based upon a poor 
recirculation rate when compared to the Carollo internal recommended minimum of 
8 times the influent flowrate. 

• Primary Basin 3 capacity is limited by the flocculation detention time ( 16 min at 
8 mgd). However, an IDI Accelator operates with a two mixing zone design, which is 
more efficient at initial mixing of the lime with the raw water and subsequent high 
solids recirculation rate. As a result, the reduced detention time does not severely 
affect Basin 3 performance. 

• Primary Basin 4 capacity is limited by the flocculation detention time (22 min at 
8 mgd) and the recirculation rate (6 times the flow).  
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Figure 3.6 - Summary of Primary Basin Design Parameters 
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Figure 3.7 presents a comparison of the average effluent turbidities of solids contact 
clarification units operating with similar raw water qualities to Columbia, MO. Figure 3.8 
presents a summary of softening rise rates for some of the solids contact clarifiers 
operating as softening units treating either a surface water, GWUDI, or groundwater supply. 
The conclusion that can be drawn from Figure 3.7 and 3.8 is that a well-designed solids 
contact clarifier should be capable of producing low turbidities (< 2.5 Ntu) when operating a 
softening rise rates well above 1.5 gpm/sqft.  

Given that the existing primary clarification units are operating well below this value at 
maximum flowrate, the cause of the high effluent turbidity must be due to other factors. 
Figure 3.9 illustrates the impact of different sludge recirculation rates on the floc size 
(settleability) within the center cone. Because of the relatively rise rates within the settling 
zone, it is imperative that the center cone operation generate large and relatively uniform 
particles that settle rapidly. As illustrated by Figure 3.9, the size and uniformity of solids in 
the clarification process is strongly dependent upon the recycle rate. A high recirculation 
rate is best, approximately 8 – 10 times the influent flow. This recommended recirculation 
rate provides adequate contact time between the raw water and the solids and allows time 
for the formation of large precipitated calcium and magnesium particles. Larger, heavier 
particles settle out much faster than small light particles.  

The recirculation rate of the Walker SCCs in the Primary units 1 and 2 has been calculated 
and is estimated that it is only twice the influent flow. This low recirculation rate results in a 
low contact time between the re-circulated solids and the influent water, minimizing the 
reaction time and resulting in small particles that are difficult to settle out in the clarification 
area. In fact, based upon discussions with plant staff, the mixers were so ineffective that 
they were taken off line shortly after startup and the raw water is mixed with the lime using 
the natural hydraulics within the center cone. 

The inadequate recirculation rates is sufficient to explain the deficiencies in Primary units 1 
and 2 but does not explain the deficiencies in the other Primary units. Figure 3.10 presents 
a typical troubleshooting guide for high turbidity events based upon Carollo’s experience 
with SCC operation. This figure illustrates the critical nature of maintaining the solids 
concentration in the center cone between 12 and 15% by volume to prevent turbidity 
excursions. Based upon the results of the Operations Questionnaire and discussions with 
plant staff, solids concentration in the center cone is not routinely measured but typical 
values are between 0.5 and 1%. Staff have indicated that when they tried to operate the 
units at a higher percent solids within the center cone, the rake became inoperable due to 
high torque and they were not able to blowdown sufficient solids to keep the center cone 
concentration consistent. 
  



Figure 3.7 - Average Effluent Turbidity 
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Figure 3.8 - Surface Loading Rate Comparison 
Chapter 3 – Process Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
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Figure 3.9 - Impact of Recirculation Rate on Particle Size 
Chapter 3 – Process Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Figure 3.10 - SCC Troubleshooting Guide for High Turbidity 
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McBaine Water Treatment Plant Preliminary Design Report 
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Figure 3.11 presents a summary of the design torque and cutout torque values for the 
primary clarification units compared to recommended values for operation with partial 
softening (i.e. primarily Calcium Carbonate precipitation). This figure illustrates the 
deficiencies in the design torque for the rakes in primary clarifiers No. 3 & 4 with respect to 
the recommended design values for similar installations.  

Given the deficiencies in the design of the solids contact clarifiers, the staff have had to 
operate the clarifiers with “both hands tied behind their backs” meaning that either the 
recirculation rate is insufficient to suspend and build the solids or the rake is not effective a 
keeping the solids beneath the center cone to permit sufficient buildup.  

As a result, we recommend the following to minimize the effluent turbidity from the primary 
clarification units. 

• Replacement of the center cone and turbines within Primary Basins 1 and 2 with 
higher capacity turbines. 

• Investigate the relationship of rake torque deficiencies in basins 3 &4 and replace if 
necessary for proper operation. 

3.3.3 Secondary Basins – Flocculating Clarifiers 

3.3.3.1 

The original purpose of the flocculating clarifiers in (Train 1 and 2) was to 1) Blend the 
aerated raw water with the carbonated softened water to stabilize the water, 2) Settle any 
turbidity carryover from the primary basins, and 3) remove precipitated iron from the bypass 
stream. Since these basins no longer operate in split treatment mode, the purpose of the 
flocculating clarifiers is to settle any precipitated lime from the primary solids contact 
clarifiers. 

Description 

The flocculating clarifier operates similar to a conventional flocculation/sedimentation basin 
and does not rely on a solids inventory in the system to promote solids contact and settling. 
The flocculating clarifier utilizes a center well to provide an area for flocculation of settled 
water. After a detention time within the center cone, the water flows out from under the 
center cone, flocculation area and into the sedimentation area of the clarifier. The 
sedimentation portion of the basin provides solids/liquid separation and the water flows 
through orifices in the perimeter launder. The solids are collect at the bottom of the basin 
and are raked to the center of the basin using a circular sludge collection rake. The solids 
are then pumped to the to the lagoons. 
  



Figure 3.11 - Existing Primary Basin Torque Ratings 
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At the McBaine WTP, treatment trains 1 and 2 both employ solids contact clarifiers as 
secondary basins. Table 3.5 provides a summary of the existing design criteria for these 
clarifiers. 
 
Table 3.5 Existing Design Criteria for the Flocculating Clarifiers 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Train 1 & 2 - Secondary Basins 1 & 2 

Type of basin equipment 

Walker 
Flocculating 
Clarifier, UV-FC-
RSX 

  

Basin design flow mgd 8  
Basin hydraulic flow mgd 12  
Basin volume gal 758,000  
Basin width ft 80’-0”  
Side water depth ft 15’- 6”  
Detention time beneath 
flocculation cylinder min 26 at 8 mgd 

Diameter of reactor cone ft 45’- 0”  
Volume beneath the reactor 
cone gal 145,000  

Drive type  Flocculation 
mixers UV-V5 Unimix 

Drive tip speed ft/sec 13  
Drive diameter Inches 50  
Detention time in the settling 
area min 109 at 8 mgd 

Volume in the settling area gal 613,000  
Rise rate in the settling area gpm/ft2 1.02 at 8 mgd  
Scraper drive motor hp 1/2  
Scraper tip speed ft/min 10  
Cutout Torque ft-lbs 93,200  
Design Torque  mgd 46,600  
Weir length mgd 829  
Weir Loading Rate gpm/ft 6.7 at 8 mgd 

 gal 8  
Launder length ft 912  
Weir Loading Rate  gpm/ft 6.1 at 8 mgd 
Size of sludge lines (1 line) in 2 - 8 in  
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3.3.3.2 

Chapter4 of the Draft Design Guide for Community Water Systems (September 2010) does 
not have any specific requirements for the design of flocculating clarifiers. Some of the 
general requirements that may be applicable to the design of the Columbia secondary units 
include: 

State Requirements 

• Minimum 30 minutes flocculation zone detention time. 

• Provide a minimum of two flocculation units in parallel for single stage treatment if the 
units or their major internal components are painted steel. As an alternative, the units 
and all major internal equipment shall be made of stainless steel or materials with 
similar corrosion resistance. 

• The impeller tip speed shall not exceed 8ft/sec for a three or four blade hydrofoil.  

• The ratio of impeller diameter to tank equivalent diameter should not be less than 0.3 
nor larger than 0.45. 

• High rate clarification processes may be approved upon demonstrating satisfactory 
performance under on-site pilot plant conditions or documentation of full-scale plant 
operation with similar raw water quality conditions as allowed by the reviewing 
authority. Reductions in detention times and/or increases in weir loading rates shall 
be justified. Examples of such processes may include dissolved air flotation, ballasted 
flocculation, contact flocculation/clarification, and helical upflow, solids contact units. 

Based upon Carollo’s experience with these units, we recommend the following design 
standards when assessing unit capacity: 

• Maximum flocculation zone hydraulic detention time – 45 minutes. 

• Maximum “G” Values of 70 sec-1 in the flocculation zone. 

• Minimum 2-hour detention time in settling zone. 

• Maximum clarification rise rate of 1 gpm/sqft at orifices. 

• Maximum rate of flow through orifices of 20,000 gallons per day per foot of outlet 
launder 

• Maximum orifice velocity of 0.5 ft/sec 

3.3.3.3 

3.3.3.3.1 Historical Basin Performance 

Potential Process Modifications 

As previously indicated, these basins are currently operated as an additional settling basin 
following the primary basin in Train No. 1 and No. 2 rather than as split treatment as 
originally designed. According to plant staff, the basin performance is negligible with only a 
slight reduction in effluent turbidity. Plant staff has indicated that full-scale pilots with the 
addition of an anionic or nonoinic flocculant aid polymer were successful in reducing 
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turbidity but carryover significantly reduced filter run time and sufficiently disrupted filter 
operations as to render it infeasible for permanent operation. 

The basins are operated without the rakes mechanisms due to the limited solids deposited 
during operation. Standard practice is to dewater the basins once each year and remove 
the solids with fire hoses to the lagoon.  

Figure 3.12 presents a summary of the capacity ratings of the existing secondary basins in 
trains 1 and 2 based upon key basin design parameters from State requirements and 
Carollo internal design standards (whichever is more stringent). Figure 3.12 indicates the 
following: 

• The ideal flocculating range is 7 mgd to 4 mgd based upon the hydraulic detention 
time.  

• The rise rate is sufficient for a capacity of 8 mgd 

• The rake torque is insufficient to remove precipitated calcium carbonate. 

3.3.3.3.2 Capacity Expansion – Conversion to Primary Treatment Basins 

Figure 3.13 illustrates the concept of conversion of the secondary treatment basins to 
primary treatment basins. Under this concept, the existing secondary basins No. 1 and No. 
2 would be converted to solids contact clarifiers with a capacity of 8 mgd each. This could 
be done in phases with secondary basins No. 1 and No. 2 converted first and No. 3 and No. 
4 converted later. Total conversion would expand the plant capacity from 32 mgd to 64 mgd 
without the need for additional concrete structures

Both the current MoDNR Design Guide for Community Water Systems (August 29, 2003) 
and the Draft Design Guide for Community Water Systems (September 2010) require that 
GWUDI facilities for “single stage treatment a minimum of two solids contact clarifier units in 
parallel shall be provided or the unit and all its interior equipment shall be made of stainless 
steel or materials with similar corrosion resistance.” 

. 

As a result, some or all of the basins must be replaced with stainless steel equipment if 
GWUDI compliant facilities are required. More details regarding this alternative are provided 
in Chapter 5. 
  



Figure 3.12 - Existing Secondary Flocculating Clarifier Basin Design Ratings 
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Figure 3.13 - Conversion to Single Stage Softening 
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3.3.3.3.3 Capacity Expansion – Conversion to Full Split Treatment 

Figure 3.14 illustrates the concept of conversion of the secondary treatment basins to 
primary treatment basins under a split treatment regime. Under this concept, the existing 
secondary basins No. 1 and No. 2 would be converted to primary flocculating clarifier units 
with a capacity of 8 mgd each treating up to 25% of the total aerated raw water flow of 
64 mgd. The remainder of the flow (up to 75%) would be softened under enhanced lime 
softening conditions in the remaining primary solids contact clarifier basins and the existing 
secondary basins 3 and 4 converted to primary SCC units. To properly blend and stabilize 
the water prior to filtration a short centralized mixing basin would be provided with a 
pressurized solution feed recarbonation system.  

Total conversion would expand the plant capacity from 32 mgd to 64 mgd without the 
need for additional concrete structures

Both the current MoDNR Design Guide for Community Water Systems (August 29, 2003) 
and the Draft Design Guide for Community Water Systems (September 2010) require that 
GWUDI facilities for “single stage treatment a minimum of two solids contact clarifier units in 
parallel shall be provided or the unit and all its interior equipment shall be made of stainless 
steel or materials with similar corrosion resistance.” 

. 

As a result, some or all of the basins must be replaced with stainless steel equipment if 
GWUDI compliant facilities are required. More details regarding this alternative are provided 
in Chapter 5. 

3.3.4 Secondary Basins – Solids Contact Clarifiers 

3.3.4.1 

At the McBaine WTP, treatment trains 3 and 4 both employ solids contact clarification units 
as secondary basins. Table 3.6 provides a summary of the existing design criteria for these 
clarifiers. 

Description 

3.3.4.2 

Refer to Section 3.2.2 for state requirements regarding the design of solids contact 
clarification units. 

State Requirements 

 



Figure 3.14 - Conversion to Full Split Treatment 
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Table 3.6 Existing Design Criteria for the Secondary Solids Contact Clarifiers 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Train 3 - Secondary Basin 3 

Type of basin equipment 
IDI Solids Contact 
Clarifier, Accelator 
Type IS 

  

Basin design flow mgd 8  
Basin Hydraulic flow mgd 12  
Basin volume gal 758,000  
Basin width ft 80’-0”  
Side water depth ft - inches 15’ - 6"  
Detention time beneath 
flocculation cylinder min 15 at 8 mgd per basin 

Diameter of reactor cone ft 34’- 0”  
Volume beneath the reactor 
cone gal 83,510  

Recirculation capacity # of times the 
flowrate 13  

Recirculation drive flow gpm 73,900  
Recirculation drive hp hp 10  

Drive type  Rotor 
Impeller  

Drive tip speed ft/sec ?  
Drive diameter Inches ?  
Detention time in the settling 
area min 120  

Volume in the settling area gal 674,500  
Rise rate in the settling area gpm/ft2 1.07 at 8 mgd per basin 
Scrapper drive hp hp 1 ½  
Scraper tip speed ft/min ?  
Cutout Torque ft/lbs 60,000  
Design Torque ft/lbs 45,000  
Launder length ft 912  
Weir Loading Rate  gpm/ft 6.1 at 8 mgd 
Size of sludge lines (1 line) in 2 - 8 in  
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Table 3.6 Existing Design Criteria for the Secondary Solids Contact Clarifiers 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Train 3 - Secondary Basin 3 
Train 4 - Secondary Basin 4    

Type of basin equipment 

US Filter GF 
Solids Contact 
Clarifier 
Contraflow C 

  

Basin design flow mgd 8  
Basin hydraulic flow mgd 12  
Basin volume gal 758,000  
Basin width ft 80’-0”  
Water depth ft 15’- 6”  
Detention time beneath 
flocculation cylinder min 22 @ 8 mgd 

Diameter of reaction cone ft 38’-6”  
Volume beneath the reactor 
cone gal 124,800  

Recirculation capacity # of times the 
flowrate 8-10  

Recirculation drive flow gpm 33,600 6:1 ratio 
Recirculation drive motor hp 15  
Drive type  Propeller  
Drive tip speed ft/sec 14.5-3.61 14.5-3.6 
Drive diameter Inches 90  
Detention time in the settling 
area min 113  

Volume in the settling area gal 633,200  
Rise rate in the settling area 2 
feet below normal water level gpm/ft2 1.05 @ 8 mgd per basin 

Scraper drive motor hp 0.5  
Scraper tip speed ft/min 8.2  

Cutout torque ft-lbs 38,400 65,000 
recommended 

Design Torque (alarm) ft-lbs 32,000 60,000 
recommended 

Launder length ft 920  
Orifice Loading Rate gpm/ft 6.0 at 8 mgd 
Size of sludge lines (1 line) in 12  
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3.3.4.3 

3.3.4.3.1 Historical Basin Performance 

Potential Process Modifications 

As previously indicated, these basins are currently operated as an additional settling basin 
following the primary basin in Train No. 3 and No. 4 or as a redundant primary basin in case 
the primary basins are out of service. According to plant staff, the basin performance as a 
secondary basin is negligible with only a slight reduction in effluent turbidity. The design 
criteria are identical to the primary basins within these trains; as a result, similar 
performance is anticipated.  

When in secondary treatment mode, the basins are operated without the rakes 
mechanisms due to the limited solids deposited during operation. Standard practice is to 
dewater the basins once each year and remove the solids with fire hoses to the lagoon.  

3.3.4.3.2 Capacity Expansion – Conversion to Primary Treatment Basins 

Figure 3.13 illustrates the concept of conversion of the secondary treatment basins to 
primary treatment basins. Under this concept, the existing secondary SCC basins No. 3 and 
No. 4 would be converted to primary solids contact clarifiers with a capacity of 8 mgd each 
operating in conjunction with the existing primary basins No. 3 and No. 4 . Total conversion 
would expand the plant capacity from 32 mgd to 64 mgd without the need for additional 
concrete structures

Both the current MoDNR Design Guide for Community Water Systems (August 29, 2003) 
and the Draft Design Guide for Community Water Systems (September 2010) require that 
GWUDI facilities for “single stage treatment a minimum of two solids contact clarifier units in 
parallel shall be provided or the unit and all its interior equipment shall be made of stainless 
steel or materials with similar corrosion resistance.” 

. 

The existing secondary basin in treatment train No. 4 contains stainless steel internal 
mechanisms, therefore, it is not anticipated that replacement of this basin will be required 
under GWUDI regulatory conditions. However, the remaining basins must be replaced with 
stainless steel equipment if GWUDI compliant facilities are required. More details regarding 
this alternative are provided in Chapter 5. 
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3.3.5 Filtration  

3.3.5.1 

Table 3.7 provides a summary of the filtration design criteria for the McBaine WTP. The 
McBaine WTP currently utilizes eight, dual media, gravity filters for filtration following the 
secondary clarifiers. Four of the filters were constructed with the original plant in 1970  
(No. 1, 2, 3, and 4), Filters 5 & 6 were constructed in 1994 and Filters 7 & 8 were added 
during the 2007 expansion. Filter influent water enters the filter gallery from the north 
through a 30-inch common header pipe fed by secondary basins 1-4 (No. 1, 2, 3, and 4). 
Each filter consists of a two bays. The two bays share a common backwater collection 
trough, an inlet trough/waste gullet, and underdrain. Each filter bay has two wash water 
troughs and four rotating surface wash assemblies consisting of four wash arms.  

Description 

Figure 3.15 presents a typical section of a McBaine WTP filter. The filter influent piping is 
30-inch in diameter. At the current rated flowrate of 4.57 mgd per filter (assuming one filter 
out of service), the velocity through this piping is 1.6 feet/second. The typical filter-operating 
water level is controlled by the plant staff by varying the number of treatment basins in 
service and matching the flowrate from the wells with the flowrate out of the high service 
pumping units. According to plant staff, typical operating levels are from 582 to 580. To 
avoid vapor cavity formation and filter air binding, it is recommended that the allowable filter 
headloss not exceed the difference between the normal water level and the top of the 
media particularly if effluent control weirs are not present as is the case with the McBaine 
Filters. As a result, the allowable filter headloss varies from 6 to 6.5 ft through the media. 

Filter effluent leaves the filter through a 24” pipe that reduces to an 18” pipe. The 18” pipe 
contains on/off control effluent valves and flow meter for filter isolation and flow monitoring. 
Downstream of the valve and flow meter, effluent from the eight filters combine in a 24” filter 
effluent common header pipe. Eight main service pumps are connected directly to the 24-
inch header (see Figure 3.2). Valves are in place to permit isolation of a filter/pump 
combination; however, according to plant staff, the filters operate best when the pumps are 
removed from direct isolated operation with individual filters.  

The filters are each rated for 4.57 mgd at a filtration rate of 4.7 gpm/sqft. This results in a 
total filter capacity of 36.5 mgd and a firm capacity of 32 mgd with one filter out of service. 
Each filter is monitored for run time (manual), headloss, and effluent turbidity. Typically, all 
eight filters are operated year round. Based upon the results of the operators questionnaire, 
one filter is backwashed each 8 hour shift resulting in filter run times between 48 and 54 
hours after which the filter run is terminated and the filter backwashed using the means 
described in Table 3.7.  
  



 

December 2012 – FINAL 3-47 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 3_ 

 

Table 3.7 Filter Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Filters 
Type Gravity, dual media with gravity backwash from a 

backwash storage tank 

Number of filter bays Ea 8 

Area of filter sq ft 676 

Total filter area sq ft 5,408 

Filtration rate gpm/sq ft 4.7 @ 32 mgd plant flow 
One filter offline 

Filter box depth Ft 17 

Water depth above filter media Ft 6.5 

Number of surface wash arms per 
filter 

Ea 4 

Typical surface wash water 
requirements 

gpm/ft2 0.5 to 1.5 gpm/ft2 

Typically pressure requirements Psi 80-100 

Filter backwash: 
 Initial Water rate / duration 
 Normal backwash rate / duration 
 Backwash water volume used 

 

 
Surface Wash – 8 minutes at 0.7 mgd 
Backwash/Surface Wash – 13 mgd/ 0.5 mgd for 8 
minutes 
Backwash Rate 13 mgd/filter – 9 minutes 
Media Settling – 5 minutes 
Filter to Waste – 5 minutes 

 
  



Figure 3.15 - Existing Filter Design 
Chapter 3- Process Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

EL 575.38+ 

EL 582.00+ 

EL 577.92+ 

EL 565.08+ 
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3.3.5.1.1 State Requirements 

The State of Missouri Department of Natural Resources Design Guide for Community 
Water Systems (August 29, 2003) have the following requirements for rapid rate gravity 
filters treating surface water: 

• The design filter rate shall be a maximum of two gallons per minute per square foot of 
filter surface area. Higher rates may be considered but must be justified by the 
designing engineer and approved by the DNR. 

• Minimum depth of filter box is 8.5 feet 

• Minimum water depth over the surface of the filter media is three feet. 

• Maximum velocity of treated water in pipe leading to filters shall be no greater than 2 
feet per second 

• Wash water troughs must be designed to provide a maximum horizontal travel of 
suspended particles not exceeding three feet in reaching the trough. 

Filter media shall meet AWWA standards for filtering material and have: 

• A total depth of at least 24 inches and generally less than 30 inches 

• Anthracite shall have an effective size of 0.6 mm – 0.8 mm with a uniformity 
coefficient of not great than 1.85 when used as a cap in a dual media filter 

• Sand layer must be a minimum of 12 inches deep and shall have an effective size of 
0.45 mm to 0.55 mm and a uniformity coefficient of 1.65 or less  

• GAC as a single media must be pilot tested at full scale prior to DNR approval and 
design shall include: 
– Provide provisions for chlorine residual and contact time after filters 
– Provide means for periodic treatment of filter material to control bacterial growth 
– Provide provisions for media replacement or regeneration 

• Torpedo sand shall be used as a supporting media for the filter media. Minimum 
torpedo sand layer shall be 3 inches with an effective size of 0.8mm to 2.0 mm and a 
uniformity coefficient of no greater than 1.7. 

• Provisions for filtering to waste with backflow prevention 

• Provide either surface wash or air scouring 

• Surface washing requires: 
– Provide a 1.5 to 2 inch pressure line for water pressure up to 45 psi 
– Surface wash flow rate shall provide 2.0 gpm per square foot of filter area with 

fixed nozzles or 0.5 gpm per square foot with revolving arms 
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• Air scour: 
– Provide 3-5 cfm per square foot of filter area when air is introduce in the filter 

underdrain; lower air flow is acceptable when air is introduced above the 
underdrain 

– During air scour, the backwash water rate must be variable and shall not 
exceed 8 gpm per square foot 

Backwash 

• A minimum backwash rate of 15 gpm per square foot of filter surface area is required 
for dual media filters. A rate of 20 gallons per minute per square foot or a rate 
necessary for a 50 percent expansion of the filter bed is recommended. 

• Backwash shall not be less than 15 minutes and shall be timed and recorded using a 
backwash timer. 

3.3.5.2 

3.3.5.2.1 Historical Filtration Performance 

Potential Process Modifications 

Figure 3.16 contains the results from the 2005 filter pilot study illustrating typical turbidity 
values over a 48-hour filter run. As shown, finished water turbidity is averages nearly 
0.5 NTU and is consistently higher than 0.3 NTU, the limit for surface water and GWUDI 
regulated under the enhanced long term 1 surface water treatment rule.  

Although McBaine is not currently required to meet the turbidity requirements under the 
surface water regulations, the filters’ inability to meet 0.3 NTU indicates that the filters are 
not operating well. As previously discussed in this section, this is largely due to high filter 
solids loading rates from poorly performing solids contact clarifiers and operation of the 
filters in declining rate mode. 

3.3.5.2.2 Impact of Solids Loading on Filter Operation 

McBaine plant staff conducted a study on their filters in August of 2003 in which they 
performed an experiment to determine backwash performance. As part of this study, Filter 3 
was sampled in six pre-determined locations on the filter and tested for turbidity. At each 
location, samples were taken throughout the depth of the filter bed or until gravel was 
reached. The results of these samples by depth, created a turbidity to depth of filter profile.  

Filter 3 samples, from the six locations, were taken both before and after backwashing to 
determine backwashing effectiveness. Filters 5 and 6 were also sampled for turbidity but 
only in three locations and only after backwashing. Figure 3.17 shows the results of the 
sampling done as part of this study. 
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Figure 3.16 - 2005 Filter Pilot Effluent Turbidity Results 
Chapter 3 – Process Evalution 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 



Figure 3.17 - Floc Retention Analysis Results – 2003 Study 
Chapter 3 – Process Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Figure 3.17 indicates that turbidity remains high even after backwashing. This problem is 
most pronounced in Filter 3 and as a result of this study was a subsequent filter 
rehabilitation project, which standardized all filter media to the media composition in Filters 
5 and 6. Filter media in Filters 1 through 4 were replaced with the media specified in Filters 
5 and 6. In addition, during the plant expansion in 2007, the last two filters, 7 and 8, were 
also filled with the standardized media. Now, all eight filters contain the same filter media 
and media quantity. Table 3.8 breaks down filter media composition.  

 

Table 3.8 Filter Bed Media Design 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

Media L-Depth (in) 
Effective Size 

(mm) 
Uniformity 
Coefficient L/D Ratio 

Anthracite Coal 21 1.0 1.3 533 
Fine Sand 7 0.5 1.5 378 
Garnet 2 0.25 1.6  

Gravel 13 

2” – 1/8 ” x No. 
12 

2” – ¼ ” x ½ ” 
3”- ½” x ¼” 
3” – ¾” x ½” 

  

Block Underdrain 8-3/4   
Total  912 

An analysis of this media design indicates an adequate L/d ratio (1,000 to 1,200) for a 
multimedia filter. In addition, the backwash rates of the anthracite and sand are sufficiently 
close (17.8 and 17.3 gpm/sqft, respectively) that proper media cleaning can occur without 
significant media intermixing.  

Subsequent filter testing on the new media has not been performed to date and it is 
recommended given that the reported backwash rates (13.5 gpm/sqft) may not be sufficient 
to fully fluidize and clean the media at the typical operating temperatures.  

3.3.5.2.3 Impact of Declining Rate Operation 

Declining rate filtration does not provide flow control through the filter except for a flow 
restriction device to limit the initial high flow rate through a clean filter. All of the individual 
filters act as cells of a single large filter and each individual filter takes the amount of flow 
that is proportional to its hydraulic resistance (i.e., the clean bed headloss plus the 
headloss due to the accumulation of solids).  
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Figure 3.18 conceptually illustrates a typical filter run for a McBaine WTP filter. Compliance 
with the SWTR and IESWTR turbidity removal requirements with this operation will be 
challenging due to the following: 

• Initial filtration rates, unless restricted by an orifice plate or other means can be 
extremely high leading to significant initial breakthrough of turbidity once a filter is 
brought on line following a backwash. 

• Variations in filter flow rate during the filter run from on/off pump operation and filter 
box operating water level changes during filter backwash. Filtration is a contact 
process that is very sensitive to changes in filtration rates throughout a filter run 
particularly when rates are increased and then decreased. These rate changes cause 
a change in the physical parameters (shear, velocity, etc.) of the filter that impact filter 
performance.  

3.3.5.3 

If GWUDI compliance is required in the near future, it is recommended that the filters be 
converted from declining rate filtration to rate of flow control. Figure 3.19 presents the 
recommended modifications to the McBaine WTP to incorporate Rate-of-Flow control. 

Filter Modifications – Conversion to Rate-of- Flow Filtration 

To implement this control mode at the McBaine WTP, the following two major process 
changes are required: 

• Modify the existing control valve and flowmeters on Filters 1-6 to permit rate of flow 
control operation. In this control scheme, the flow meter provides a signal that is used 
to modulate the filter effluent control valve to maintain a flow set point. Typically, the 
flow set point represents the proportion of total plant inflow that each filter should 
receive, adjusted as required to maintain the filter inlet level within a desired range.  

• Install a new below grade wet well with a fixed weir and sufficient volume to permit 
control of the filtration process and reinstall the existing pumps in this wet well.  

In this manner, the filtration rate will not be impacted by either backwash operations or 
pump operations. More details regarding this alternative are provided in Chapter 5. 

3.3.5.4 

If GWUDI compliance is required in the near future, it is recommended that the filter media 
and backwashing procedures be re-evaluated based upon this rate of flow control 
operation. As indicated above, the current L/d ratio is somewhat less than idea for a dual 
media filtration design. In addition, the current backwashing rate and duration may be 
insufficient to properly clean the media.  

Filter Modification – Media and Filter Backwashing 

  



Figure 3.18 - Declining Rate Filter Profile with Effluent Pumps Hydraulically Connected 
Chapter 3- Process Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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3.3.5.5 

The Missouri DNR requirement state that the filtration rate for all rapid rate gravity filters be 
limited to two gallons per minute per square foot (2 gpm/sqft) with the largest unit out of 
service unless the design engineer can justify rerating the filters at a higher filtration rate. 

Filter Modifications – Filtration Rate increase for Stepwise Capacity Increase 

For dual or multimedia filters, filtration rates of 6 gpm/sqft will produce excellent quality 
water. At a filtration rate of 6 gpm/sqft, the Reynolds number (measure of turbulence) is 10. 
This value is still within the limits of laminar flow. Exceeding this rate will push the flow 
characteristic in the filter from laminar to the turbulent range, which required different filter 
media characteristics and a much deeper filter bed.  

Figure 3.20 presents the potential changes in plant rated filtration rate with respect to 
individual filtration rates (gpm/sqft) with and without the “largest filter out of service” 
criterion.  

One potential option for maximizing the capacity of the filter is to provide control of the raw 
water flowrate based upon the backwashing cycle of the filter. Conversion to rate-of-flow 
control filtration as discussed above will permit this mode of filtration rate control. With 
increase levels of automation, the plant flowrate could be reduced during a backwashing 
cycle in order to maintain the maximum filtration rate and increased once the filter is 
operational. Assuming that two filter are backwashed per day, the total downtime for a day 
is one hour when the plant could only be operated at the rated flow (32 mgd) and the 
remaining 23 hours could be operated at the maximum rate (36.5 mgd). This would allow 
an overall average day plant production of 36.3 mgd. This could be addressed in the first 
phase of any expansion process. 

As indicated by Figure 3.20, re-rating the filters to 6.0 gpm/sqft would increase the total filter 
capacity to 45.5 mgd with a firm capacity of 40 mgd. Re-rating the filters will require 
approval from the State. Prior to re-rating the filters, the process adjustments to reduce the 
filter solids loading rates (see SCC recommendations) and the filter modifications 
recommended in the section to change to rate of control operation and investigate the 
media design and backwash rates should be conducted.  
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Figure 3.20 - Potential Filtration Rate Modifications 
Chapter 3 – Process Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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3.3.6 High Service Finished Water Pumps 

3.3.6.1 

The McBaine WTP currently has eight, high service pumps that pump finished water into 
the distribution system. Table 3.9 provides a summary of design criteria for the finished 
water high service pump station. 

Description 

 

Table 3.9 High Service Pump Station Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Light and Water 

High Service Finished Water Pump Station 

Type Variable Speed, Vertical turbine 

Quantity of pumps Ea 8 

Power HP 300 

Design head Ft 204 

Design flow: Gpm 4,200 

Total capacity Mgd 48.4 

Firm capacity Mgd 42.3 

 

The finished water pump stations provide a total capacity of 48.4 mgd and a firm capacity of 
42.3 mgd with the largest pump out of service. Each of the eight pumps is the same size, 
able to produce 4200 gpm (6.05 mgd) at 204 feet of head. The pumps are each equipped 
with a 300 hp motor and pump speed may be controlled using a variable frequency drive 
(VFD).  

The pumps are hydraulically connected to filter effluent via a 24-inch filter effluent common 
discharge pipe. Because there is a direct hydraulic connection between the filters and 
pumps, filter rate increases and decreases as pumps turn on and off or ramp up and down 
with VFD control.  
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3.3.6.2 

The State of Missouri Department of Natural Resources Design Guide for Community 
Water Systems (August 29, 2003) has requirements for pump station design. 

State Requirements 

• The standards require that when any pump is out of service, the remaining pumps 
shall be capable of meeting the peak system demand against the required distribution 
system pressure without overloading electrical equipment. 

• Any pumps that generate 30 psi or more surge pressure during start up or shutdown 
or which generate surges that result in pressure below 20 psig anywhere in the 
distribution system shall be equipped with water hammer/surge protection devices. 

3.3.6.3 

See discussions above regarding filter operational modifications. 

Potential Process Modifications 
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Chapter 4- Hydraulic Evaluation 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

4.1 INTRODUCTION 
It is difficult to fully understand the capacity of a water treatment plant without conducting a 
thorough hydraulic evaluation. Understanding the hydraulic tendencies of a treatment plant 
aids in the identification of hydraulic restrictions and bottlenecks throughout the treatment 
process. In accordance with the Scope of Work, the hydraulic evaluation of the McBaine 
WTP consisted of the following: 

• Hydraulic Model Development 

• Field Investigations and Model Calibration 

• Pumping Hydraulic Analysis  

4.1.1 Treatment System Hydraulic Modeling 

The purpose of modeling is to identify the hydraulic restrictions that might limit plant 
expansion. This evaluation will identify potential bottlenecks in the system. Other tasks in 
the preliminary design, such as the Process Evaluation, will be used in concert with the 
Hydraulic Evaluation to help define any modifications to current treatment processes. 

The elements of this hydraulic evaluation include the following: 

• Hydraulic model development for existing water treatment plant. 

• Perform a field survey to verify water surface elevations.  

• Develop a hydraulic profile at plant flows of 24 and 32 mgd. 

• Summarize the hydraulic limitations of treatment facilities at McBaine WTP. 

• Develop candidate solutions to remedy key hydraulic bottlenecks. 

4.1.2 Pumping Hydraulic Analysis 

The purpose of the pumping hydraulic analysis is to ascertain the capacity of the current 
pumping arrangements and, in turn, determine if additional capacity can be attained from 
the existing pumping systems through selective replacement of the pumps or modification 
of the pump bowl assemblies. The hydraulic capacity of the intake arrangement will be 
defined to determine if unused or underutilized capacity exists in the finished water 
pumping system.  
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4.2 EXISTING PROCESS HYDRAULIC MODEL 
The fundamental definition of a model is “a representation of a physical entity.” This 
hydraulic model was developed as a simplified representation of the real system. The 
amount of simplification will define the applicability of the model in a given situation. In 
general, hydraulic models can assess the current level of performance, estimate the 
hydraulic conditions at different flow scenarios, and evaluate multiple “what if” scenarios. In 
addition, a model can predict the hydraulic changes from plant modification alternatives, 
such as replacing yard piping, fittings, and valves, or from adding a new treatment process.  

The simplified equations derived from the conservation principles of mass, energy, and 
momentum is commonly called the continuity equation, Bernoulli equation, and linear 
momentum equation, respectively. These fundamental laws of conservation are essential in 
solving the wide range of problems related to fluid mechanics.  

Most hydraulic problems encountered by environmental engineers can be solved by 
conserving the kinetic and potential energy of the system. The first law of thermodynamics 
is an expression of the universal law of conservation of energy, which states that energy 
can not be created or destroyed, but can be transformed from one form to another.  

The Bernoulli Equation, which was derived from the conservation of energy, is one of the 
most frequently used equations in engineering hydraulics. This equation relates the 
pressure, velocity, and height in the steady motion of an ideal fluid: 

 

 

 

 

 

Confusion often arises over methods of calculating head losses, hL, particularly in respect 
of what losses are taken into account from each component. A system loss can be thought 
of as being equal to the change in overall “recoverable” energy of the system. From 
knowledge of fluid flow and the geometric arrangement of the system, energy losses are 
calculated for each component in the system. For example, each section of straight pipe 
can be treated as a component having a head loss equal to the product of its friction 
coefficient and its length to diameter ratio, that is, K = f x L / D. The total head loss in a 
system is equal to the sum of the head loss calculations attributed to each component:  

 
  

Where:    V = Mean velocity 
Z = Height above datum 
p = Pressure 

hL = Energy loss from friction 
γ = Specific weight of fluid 
g = 32.2 ft/sec2 
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Carollo’s Hydraulix™ modeling software was used to calculate hydraulic conditions through 
the McBaine WTP. The Hydraulix™ modeling software utilizes the Darcy-Weisbach and 
Colebrook-White equations to calculate the energy losses in full flow conduits. All minor 
losses, including entrance, exit, contraction and enlargement, joints, valves, etc., were 
calculated as a function of velocity head.  

 

For open channel flows or partially full conduits, the Hydraulix™ modeling software utilizes 
the Chezy-Manning’s equation to obtain the depth of flow and resulting energy losses 
through an iterative process. 

A hydraulic profile was developed to illustrate the energy grade line and water surface 
elevation for each component and treatment process through the plant. The hydraulic 
model was then used to estimate the hydraulic gradient needed for each segment at 
specified flow rates.  

These hydraulic evaluations were not influenced by specific treatment process limitations, 
such as required basin detention times or filtration rate criteria. The model evaluated the 
hydraulic capacity of the liquid treatment processes. A hydraulic analysis was not 
conducted on solids handling processes. 

4.3 MCBAINE WTP HYDRAULIC PROCESS: 

4.3.1 Description 

Figure 4.1 presents a summary of the flow through the McBaine WTP treatment process. 
Raw water from the wellfield enters the plant through one 36-inch flowmeter where it is then 
hydraulically split through four aeration units. The effluent from the aeration units flows to a 
common concrete wet well mounted below the aerators. As indicated in Chapter 3, the wet 
well is equipped with a 20-inch bypass pipe that permits a portion of the flow to be 
bypassed to the Secondary Basins in trains No. 1 and No. 2. In addition, the wet well is also 
capable of receiving solids recycled from the sludge pump station, which withdraws solids 
from the primary clarifiers in treatment train No. 1 and No. 2.   

Where:    hL  = Energy loss (ft) 
v  = Velocity (fps) 
L = Pipe Length (ft) 
D = Pipe Diameter (inches) 

             f = Friction factor 
R = Reynolds Number 
ε = Equivalent roughness 
g = 32.2 ft/sec2 

∑= g
VKhL 2
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Figure 4.1 - Existing Treatment Flow Diagram 
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Neither the bypass nor sludge recycle is currently in operation. As a result, the hydraulic 
model does not factor in the potential reduction (from recycle) or increase (from solids 
recycle) in flow provided when either is in operation. 

Once in the common aerated wet well, the flow is hydraulically split to the four (4) primary 
treatment basins through four equally sized open channel concrete flumes designed with 
integral 18-in Parshall Flumes. This hydraulic split is a passive split and involves the use of 
the Parshall Flumes and, to a lesser extent, the primary basin effluent launders, to provide 
the flow restrictions required to distribute flow equally to the four (4) treatment trains. 

Downstream of the Parshall flumes, the aerated raw water enters the reaction well of the 
primary basins through a 30-inch pipe mounted just below the effluent launders. The 
exception being primary basins No. 3 and No. 4, which flow to a small drop box and enter 
the reaction well from beneath the concrete floor of the basins.  

Following collection to a central effluent trough, the primary basin effluent flows through 
equally sized concrete open channel flumes to a drop box where 30-inch pipes mounted 
just below the effluent pipe carries the flow to the center reaction well. The exception being 
secondary basins No. 3 and No. 4, which flow to a small drop box and enter the reaction 
well from beneath the concrete floor of the basins.  

The secondary basins for Treatment Trains No. 1 and No. 2 are flocculating clarifiers each 
of which is equipped with 1” diameter orifices spaced 8-inches apart mounted at ELEV 
579.25 along a 30-inch collection pipe mounted on the perimeter of the basins. Effluent 
from the Secondary Basins No. 1 and No. 2 flows to a centralized drop box, which 
combines the effluent from the two trains and is connected to the common 30-inch filter 
influent piping through a 42-inch line. 

The secondary basins for Treatment Trains No. 3 and No. 4, conversely, are solids contact 
clarifiers equipped with the traditional radial and annular launders connected to a common 
effluent launder. Effluent from the Secondary Basins No. 3 and No. 4 flows to a centralized 
drop box, which combines the effluent from the two trains and is connected to the common 
30-inch filter influent piping through a 42-inch line. The common header contains valves, 
which permit isolation of filters 1 and 4 to Treatment Trains No. 1 and No. 2 and Filters 5 
through 8 to Treatment Trains No. 3 and No. 4. In addition, valves are provided to further 
isolate filters 5 & 6 and Filters 7 & 8, if desired. According to plant staff, these are normally 
kept open to connect all the filters on a common header unless maintenance requires 
isolation of a bank of filters from the process. 

As indicated in Chapter 3, the filters are currently operated in declining rate mode, which 
means that the flow rate through the filters can vary depending on the downstream 
conditions (i.e. which pumps are on), and the degree of headloss through the filter bed. 
Since the filter dynamics are difficult to measure, this report assumes that the filters will be 
operating at the same flowrate as required to achieve the designated flows. 
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4.3.2 Plant Flow Control 

According to plant staff, the plant flow rate is controlled as follows: 

• The water level in the West Ash Street Pump Station Reservoirs is allowed to 
fluctuate to act as a “remote clearwell” for dampening of the plant flowrate 
fluctuations. 

• High service pumps are turned off/on to maintain certain level setpoints within the 
clearwells. 

• Wells are turned on/off to maintain a level setpoint within the filter boxes.  

4.3.3 Previous Studies 

The City of Columbia, Missouri conducted a hydraulic evaluation of the McBaine WTP in 
2002, prior to the construction of Treatment Train No. 4. The evaluation included modeling 
treatment trains 1 and 3 and assumed equal distribution of flow between all treatment trains 
and similar water surface elevations (WSE) for treatment trains 1 and 2 (similar 
construction). The normal filter WSE elevation was identified as 579.75 ft. KYPIPE 
modeling software was utilized to determine the water surface elevations in each basin and 
associated launders, inlet and outlet channels, and upstream and downstream of the 
Parshall flumes. Table 4.1 displays the high water levels corresponding to 12 mgd flow per 
treatment train for the primary and secondary basins as determined by the hydraulic study.  

 

Table 4.1 City of Columbia Hydraulic Analysis Results 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Treatment Process Water Surface Elevation(1) 
Primary Basin No.1 
Primary Basin No. 2 
Primary Basin No. 3 

582.75 
582.75 
582.90 

Secondary Basin No.1 
Secondary Basin No. 2 
Secondary Basin No. 3 

581.44 
581.44 
581.50 

Note
(1) Water surface elevations correspond to 12 mgd flow per treatment train (plant flow = 36 

mgd). 

: 
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4.3.4 Hydraulic Model Inputs and Operation 

Hydraulic computations determined headloss using empirical methods as water flows 
through each physical segment in the treatment process. Hydraulic modeling was initiated 
by entering a control water surface elevation (WSE) for the filters. Headloss computations 
proceeded upstream from the filters to determine potential hydraulic restrictions between 
the filters and the secondary basins.  

The water treatment plant contains four parallel treatment trains, each possessing a primary 
and secondary basin set in series. Given that the City had recently performed a hydraulic 
analysis on Treatment Trains No. 1, 2, and 3, the hydraulic evaluation focused on 
Treatment Train No. 4.  

The control WSE utilized for hydraulic profile development was 579.75 ft, the normal filter 
water operating level as determined by the modeling study performed by the City of 
Columbia, Missouri. A derived maximum filter WSE was also utilized to illustrate a worst-
case hydraulic scenario. The maximum filter WSE was assumed to be 581.16 ft, six inches 
below the top of secondary basin radial launders. 

Hydraulix™ model assumptions for this hydraulic analysis included the following: 

• Flow rates to each treatment train were equal. 

• All of the raw water flow goes through the aeration process and bypass valve that 
connects the aerated effluent to the Secondary Basins No. 1 and No. 2 are closed. 

• The sludge recycle lines from the primary Basins No. 1 and No. 2 to the aerated 
wetwell are closed. 

• All four-treatment trains in operation with flow in series through primary and 
secondary basins prior to filtration. 

• The hydraulic profile was prepared at plant flow rates of 24 and 32 mgd. 

• The isolation valves on the common 30-inch filter influent header are open. 

• One filter backwashing, resulting in 7 filters in operation. 

• Flow rates to each filter were equal. 

Hydraulix™ model inputs for this hydraulic analysis included the following: 

• The total headloss through the plant is the sum of headloss in the treatment units, 
piping, valves, joints, conduits, and appurtenances. 

• Friction losses in piping were obtained by using the Darcy-Weisbach and Colebrook 
equations. 

• Pipe roughness coefficients for piping was estimated to be 0.0015, which 
corresponds to a C-factor of 130. 
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• The total headloss through connecting piping, channels, and appurtenances included 
entrance, exit, contraction and enlargement, friction, minor, and free-fall losses. All 
minor losses are calculated in terms of velocity head. 

• In open channels, the depth of the flow and resulting headloss were determined using 
the Chezy-Mannings’s equation through an iterative analysis. 

• An additional 6-in of head loss was added to each of the clarifier rate control valves 
proposed in new treatment process alternatives (in order to provide reliable flow 
control through each clarifier). 

• The field surveyed water elevation for the filters was used for calibration purposes. 
However, for water surface profile development, it was assumed that the water 
surface elevation above filters was 579.75 in accordance with the City of Columbia, 
Missouri, plant hydraulic study conducted in 2002.  

• Surveyed water surface elevations were based off structure/equipment elevations 
indicated on record drawings. 

4.3.5 Hydraulic Model Calibration 

In order to calibrate Hydraulix™ to the site-specific conditions of the McBaine WTP, two 
field surveys were conducted to measure and document water elevations at various points 
along Treatment Train No. 4. On July 30th and August 4th, 20010, Carollo conducted a 
comprehensive field survey of the McBaine WTP under the following operating conditions: 

• July 30, 2010 
– Total Plant Flow Rate (mgd):13.33  
– Treatment Train Nos. 1, 2, and 4 in operation. 
– Number of Filters in Operation:8 of 8 
– Filter No. 8 WSE: 580.44 

• August 4, 2010 
– Total Plant Flow Rate (mgd):18.75  
– Treatment Train Nos. 1, 2, and 4 in operation. 
– Number of Filters in Operation:8 of 8 
– Filter No. 8 WSE: 580.42 

Water surface elevations were measured by Carollo to determine water levels relative to 
top of concrete, top of metal deck, etc. Water surface elevation survey locations are 
identified in Figure 4.2. The results from these field measurements were used as a 
guideline for adjusting the model input parameters and variables. 
  



Figure 4.2 - Field WSE Measurement Locations 
Chapter 4 – Hydraulic Evaluation  

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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A Manning’s “n” value of 0.013 was used for concrete open channels. Pipe roughness 
coefficients for piping was estimated to be 0.0015, which corresponds to a C-factor of 130. 
During the calibration process, the following model parameters were adjusted to help the 
model conform to field conditions. 

• Primary Basin Mixing Zone Headloss 

• Secondary Basin Mixing Zone Headloss 

Table 4.2 presents the calibrated model results and field measurements for the main unit 
processes and conveyance structures at the McBaine WTP. The field test measurements 
were taken at a total plant flow of 13.33 and 18.75 mgd and were used to calibrate the 
model. As shown in table, the water surface elevations obtained from the calibrated model 
are very close to actual field measurements.  
 

Table 4.2 Model Calibration 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Element 
Water Surface Elevation (ft) Difference 

(ft) Modeled Measured 
13.33 mgd Plant Flow Rate (July 30, 2010) 
    
Secondary Basin No. 4 Outlet Channel 580.52 580.55 0.03 
Secondary Basin No. 4 Center Circular 
Launder 580.58 580.65 0.07 
Secondary Basin No. 4  581.19 581.24 0.05 
Secondary Basin No. 4 Inlet Channel 581.61 581.57 -0.04 
Primary Basin No. 4 Outlet Channel 1 581.67 581.77 0.10 
Primary Basin No. 4 Outlet Channel 2 581.79 581.75 -0.04 
Primary Basin No. 4 Center Circular 
Launder 581.83 581.95 0.11 
Primary Basin No. 4  582.59 582.59 0.00 
Primary Basin No. 4 Inlet Channel 582.90 582.84 -0.06 
Train No. 4 Parshall Flume (Upstream) 583.69 583.7 0.01 
18.75 mgd Plant Flow Rate (August 4, 2010)     
    
Secondary Basin No. 4 Outlet Channel 580.54 580.63 0.09 
Secondary Basin No. 4 Center Circular 
Launder 580.65 580.59 -0.06 
Secondary Basin No. 4  581.22 581.34 0.12 
Secondary Basin No. 4 Inlet Channel 581.86 581.89 0.02 
Primary Basin No. 4 Outlet Channel 1 581.93 582.07 0.14 
Primary Basin No. 4 Outlet Channel 2 582.07 582.08 0.01 
Primary Basin No. 4 Center Circular 
Launder 582.12 582.01 -0.11 
Primary Basin No. 4  582.62 582.67 0.05 
Primary Basin No. 4 Inlet Channel 583.11 583.15 0.04 
Train No. 4 Parshall Flume (Upstream) 583.99 583.99 0.00 
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4.3.5.1 

In order to identify maximum hydraulic flows through a treatment process, maximum water 
surface elevations (WSE) must be known. The maximum WSE for a treatment structure is 
developed by identifying structure elements that, when overtopped by water, affect 
treatment and/or facilities operation. For example, water overtopping the primary basin 
would have a negative effect on operations of the treatment plant (i.e. flooding of walkways, 
short-circuiting) and, hence, would be controlling criteria for maximum flow through the 
primary basin. 

Controlling Criteria 

As another example, water overtopping the radial launders (orifice weirs) in Primary Basin 
No. 4 would cause an increase in local velocities (over flow rate) at the weirs and, in turn, 
create short-circuiting and solids carry over, resulting in a deterioration of treatment. The 
top of the radial launders should then be classified as a maximum water surface elevation 
in Primary Basin No. 4. 

The treatment processes and their associated maximum WSE controlling criteria are given 
in Table 4.3. 

4.3.6 Hydraulic Model Results 

4.3.6.1 

The treatment capacity of the McBaine WTP is limited to 32 mgd by both aeration and filter 
loading rates. Therefore, the calibrated model was utilized to develop a hydraulic profile of 
existing Treatment Train No.4 at 8 mgd (or total plant flow of 32 mgd). A profile for a plant 
flow of 24 mgd was also developed for comparison purposes. These profiles are illustrated 
in Figure 4.3. Model details for the development of the hydraulic profile for a plant flow of 
32 mgd can be found in Appendix A. 

Hydraulic Profile 
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Table 4.3 Controlling Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Element Elevation (ft) 

   Submerged Flume(1) 
Parshall Flume No. 4  

N/A 

   Top of Radial Launder(3) 
Primary Basin No. 4  

   Top of Structure(2) 

 
583.06 
584.00 

   Top of Structure(2) 
Primary Basin No. 4 Outlet Channel  

584.00 

   Top of Radial Launder(3) 
Secondary Basin No. 4 

   Emergency Overflow 
   Top of Structure(2) 

 
582.08 
581.66 
583.50 

   Top of Structure(2) 
Secondary Basin No. 4 Outlet Channel  

583.50 

   Process Limited 
Filters  

NA 

Notes
(1) A submerged Parshall flume results when the downstream to upstream head ratio exceeds 

0.7. When this occurs, the actual discharge is less than predicted by standard formulas and, 
in turn, flow monitoring information provided from the flume is inaccurate. For this reason, 
Parshall flume submergence is often the controlling criterion for identifying the maximum 
flow of a Parshall flume. If not used as a flow monitoring, the flume then  becomes a 
significant hydraulic restriction and, in the case of McBaine, used as a flow splitting 
mechanism. 

: 

(2) Top of structure elevations represent  lowest structural element (i.e. basin wall, concrete 
walkway) that would result in overflow of basin structure. Structure elevations were obtained 
from as-built drawings. As a conservative measure, these elevations were reduced by six 
inches to account for possible discrepancies between as- built elevations and field elevations 
and  also unaccounted-for hydraulic influences (i.e. increased headloss) as WSE nears top of 
structure.  

(3) Represents orifice weirs and, therefore, controlling WSE is WSE in basin (i.e. Elevation of 
water exceeds top of weir resulting in overtopping). For a V-notch weir, controlling WSE 
would be when WSE in

 

 the launder exceeds the top of launder, resulting in a submerged 
weir. 
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Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

F1: 579.89 
F2: 579.92 



 

December 2012 – FINAL 4-14 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 4_ 

4.3.6.2 

The 24 and 32 mgd flows (6 and 8 mgd per treatment train, respectively) created water 
surface elevations well within the maximum flow controlling criteria as identified in the 
preceding table. To determine the maximum flow of each structure/process within the 
treatment train, flows were increased within the model until the WSE of interest exceeded 
the controlling maximum elevation. A filter WSE of 579.75 ft was used for this analysis. 
Table 4.4 provides the maximum flow for each structure of Treatment Train No. 4. 

Maximum Flows 

 

Table 4.4 Maximum Hydraulic Capacities 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Structure 

Maximum 
Structure Flow(1) 

(mgd) 

Estimated 
Maximum Plant 

Flow(2) (mgd) 

10.50 Primary Basin No. 4  42.00 

14.10 Primary Basin No. 4 Outlet Channel 56.40 

Secondary Basin No. 4 12.70 50.80 

21.50 Secondary Basin No. 4 Outlet Channel 86.00 

Notes
(1) Maximum flow based off filter WSE of 579.75, with 7 of 8 filters in operation. 

: 

(2) Assumes flow equally split to each treatment train and structures have similar 
 headloss through structures. Note that Primary Basins No. 1, 2, 3, and Secondary 
Basin No. 3 have V-notch weir launders. In addition, Secondary Basins No. 1 and 2 
have a submerged effluent header with orifices. 

(3) Maximum hydraulic flow for Parshall Flume No. 4 is 7.5 mgd (plant = 30 mgd) given 
70% submerged restriction. 

 

The primary basin and secondary basin were investigated further by conducting a hydraulic 
analysis with the assumed maximum filter WSE (581.16 ft). With this filter WSE, the 
maximum capacities of the primary basin and secondary basin were reduced to 8.25 and 
6.5 mgd, respectively. This is graphically displayed in Figure 4.4. 
  



Figure 4.4 - Maximum Hydraulic Flows 
Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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4.3.7 Existing Basin Flow Split Inaccuracies 

Figure 4.5 presents a summary of the headloss data taken for two different basin flowrates 
across the Parshall Flume and from the flume to the primary basin for treatment train No. 4. 
As indicated by this figure, as the basin flowrate increases the impact of the Parshall flume 
on the total headloss to the basin become less and less significant. This is important 
because the Parshall flume provides a source of control for the flow split to the basins and 
as the flow rate increases, this control is lost and the flow split must be controlled to by the 
effluent launders in the primary basins.  

When conducting field measurements on August 4, 2010, visual inspection of Primary 
Basin No. 2 indicated a weir near submerged condition. For a V-notch weir, a submerged 
weir condition results when the downstream WSE and head losses in downstream 
structures create a WSE in the launders that exceeds the top of the radial launder. In this 
case, flow/velocity is no longer controlled by the V-notches on the weir. As discussed 
previously, a submerged weir or overtopping weir condition (as the controlling condition for 
the orifice weirs in Primary and Secondary Basins No.4) creates an increase in local 
velocities at the weirs and, in turn, can create short-circuiting and solids carry over, 
resulting in a deterioration of treatment.  

At a plant flow of 18.75 mgd (6.25 mgd per treatment train, 3 trains in operation), a 
submerged weir condition is not expected. Upon further investigation, it was apparent that 
only a few of the radial launders were under submerged conditions. As illustrated in 
Figure 4.6, the northwest radial launder was submerged but the northeast radial launder 
was not. Also illustrated in the figure is the vast discrepancy in WSE in the launders. Even 
though the northwest radial launder should have a higher WSE (more headloss due to the 
longer travel path), the visual inspection clearly indicated that the northwest launder WSE 
was significantly less than the WSE of the northeast launder.  

There was no indication of water flow obstructions in the submerged radial launders. As a 
result, this disparity in the effluent launder water surface elevations is most likely due to 
discrepancies in the elevations of the effluent launders. In other words, the top of the 
northeast launder is lower than that of the northwest launder and, consequently carries 
more of the flow to the center launder than the northwest launder. As a result, in addition to 
the inadequate recirculation within the existing primary basins No.1 and No. 2 as discussed 
in Chapter 3, the poor performance of these basins may also be attributed to the uneven 
hydraulic distribution in the effluent launders. 

As discussed above, proper flow split between the basins relies on the consistency in basin 
launder elevation both with launders within a primary basin and between primary basins 
particularly as the flowrate increases and the significance of the Parshall Flume to flow 
control diminishes. With unsupported lengths as great as 30 feet, effluent launders are 
notoriously difficult to keep level and thus are not ideal for controlling a flow split between 
basins particularly where the losses in the systems can be significantly different.  



Figure 4.5 - Summary of Primary Basin Influent Losses 
Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

4.4 6.25 

U
ni

t P
ro

ce
ss

 H
ea

dl
os

s 
(f

t)
 

Train Flowrate (mgd) 

Parshall Flume  

Primary Basin Influent Piping 



Radial Launders 

Figure 4.6 - Submerged Radial Launders 
Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

N 



 

December 2012 – FINAL 4-19 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 4_ 

4.4 HYDRAULIC IMPROVEMENTS 

4.4.1 Hydraulic Limitations 

Utilizing the hydraulic model, a comprehensive analysis was performed to identify hydraulic 
bottlenecks within the existing treatment arrangement. A summary of the major hydraulic 
restrictions through Treatment Train No.4 is presented in Figure 4.7. Key indicators of 
bottlenecks included significant headloss in comparison to other conveyance structures in 
the treatment train and substantial headloss increases as plant flow neared 60 mgd. The 
figure provides headloss values for the identified bottlenecks in the system for both 32 and 
60 mgd plant flows. 

The first potential bottleneck indicated in Figure 4.7 is filter gallery influent piping. The 
model determined the total headloss through the piping was 1.73 and 0.49 ft for treatment 
train flows of 15 (total plant = 60) and 8 mgd (32), respectively. Both of the influent piping 
arrangements for the Secondary and Primary Basins also exhibited significant headloss. 
With velocities near 4.6 ft/s at 15 mgd, a majority of the headloss in the 30-in influent piping 
stemming from minor losses (3-90 bends, inlet loss, and outlet loss).  

Additionally, if the treatment train flow rates were increased from the current rated capacity 
(equivalently on a per train basis) without decreasing the allowable filter headloss of 5.84 ft 
(i.e. Maximum Filter Operating Level - 581.16 ft), following impacts on the treatment 
process will occur: 

• The Parshall flumes will be completely submerged and water would nearly overtop 
the flume structure (above a 9.0 mgd per train capacity). 

• The influent channel to the primary basins (EL 584.5) will overflow (above a 11 mgd 
per train capacity) 

• The primary solids contact clarifier launders will be overtopped and completely 
flooded (above an 8.5 mgd per train capacity) causing significant maldistribution of 
flow. 

• The influent channel to the secondary basins (EL 584.0) will overflow (above a 10 
mgd per train capacity). 

• The secondary solids contact clarifier launders will be overtopped and completely 
flooded (above a 6.5 mgd per train capacity) causing significant maldistribution of 
flow. 

  



Figure 4.7 – Hydraulic Limitations 
Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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4.4.2 Hydraulic Solutions 

Figure 4.8 presents a summary of the proposed modifications to the existing treatment 
process to achieve a hydraulic capacity of 60 mgd. As indicated in Chapter 3, conversion of 
the existing secondary basins to primary treatment basins with stainless steel internal 
mechanisms (GWUDI compliance) has the potential to rerate the softening process from 32 
to 64 mgd without the construction of new concrete basins.

Converting all basins to primary basins will also relieve any hydraulic limitations to 
expansion to 60 mgd. As detailed in the previous section, the influent piping for the primary 
and secondary basins create a significant hydraulic bottleneck. However, due to treatment 
restrictions, conveying, 15 mgd (plant flow = 60 mgd) through an existing basin is not 
feasible. At 8 mgd (plant flow = 32 mgd), the losses associated with the basin influent pipes 
are 0.29 ft. This headloss value is more than manageable. 

  

To improve the flow split from the aeration facilities to the eight primary basins, the Parshall 
Flumes would be replaced with magnetic flow meters and control valves in the existing pipe 
galleries with new piping connecting an expanded aerated effluent wet well to the four (4) 
new primary basins. In this manner, the flow split to the eight basins will be much more 
accurate leading to better performance of the individual solids contact clarifier basins. 

Expanding the existing influent filter gallery piping to accommodate filter expansion is not 
recommended unless modifications are made to the existing filters to lower the normal 
WSE or increase the secondary basin weir elevation. If the exiting 30-in influent header 
feeding the filters was extended to another filter gallery, energy losses in the piping 
infrastructure would cause weir submergence in the secondary basins (Treatment Trains 
No. 3 and 4). It is recommended that piping independent of the existing filter gallery be 
routed to new filters. As a result, the hydraulic solution will be to construct new 42-inch 
settled water piping from the existing drop boxes to a new or expanded filtration process.  

4.4.3 Hydraulic Profile – 60 MGD Expanded Treatment Plant 

Hydraulic modeling was performed on an expanded McBaine WTP (60 mgd) to verify that 
proposed treatment modifications would not create hydraulic limitations. While the exact 
treatment process has yet to be determined, the basic layout of treatment structures and 
associated yard piping has been developed. The basis for the 60 mgd expanded treatment 
plant hydraulic analysis and associated hydraulic profile is illustrated in Figure 4.9. While 
conducting the hydraulic analysis the following assumptions were made. 

• End of planning period plant flow rate of 60 mgd. 

• Flow rates to each basin are equal. 

• Seven out of eight basins in operation. 

• Normal filter WSE is 579.75 (consistent with existing). 
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• 22 mgd flow to the new filters (one old filter backwashing). 

• Flow rate to each new filter is equal. 

• Pipe size, length, and quantity of fittings for new yard piping were conservatively 
estimated from new treatment layout depicted in Figure 4.8. 

The hydraulic profile developed for the facility expansion is provided in Figure 4.9. Table 4.5 
shows that the proposed treatment modifications result in water surface elevations that are 
lower than controlling elevations. 

 

Table 4.5 Expanded Treatment Plant Water Surface Elevations 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Structure 
Controlling 

Criteria 
(ft) 

WSE  
(ft) 

586.00(1) Aerator Effluent Well 583.37 

Basin No. 8 (Sec. Basin No. 4) 582.08(2) 
581.66(3) 
583.50(4) 

581.27 

Basins No. 5, 6, 7, & 8 (Effluent 583.50  Channel) 580.27 

Notes
(1) Top of structure elevation, as defined in Note 2 in Table 1.3. 

: 

(2) Top of radial launder. 
(3) Emergency overflow. 
(4) Top of structure. 

  



Figure 4.8 – ALTERNATIVE 1A 
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4.5 PUMPING HYDRAULIC ANALYSIS 

4.5.1 Existing Conditions 

Figure 4.10 presents the existing arrangement of the high service pumps on the filters. 
Each high service pump is connected to the existing 24-inch common filter effluent header 
with an 24” x 24” x 18” reducing tee, 18-inch isolation gate valve and an 18-inch four miter 
long radius elbow. 

4.5.2 Intake Analysis: 

The hydraulic capacity analysis focuses on three main design parameters for the intake 
capacity of the existing arrangement: intake velocity, cross flow velocity, and available net 
positive suction head (NPSH). The purpose of this analysis was to ascertain the hydraulic 
capacity limitation of the existing pumping configuration of the high service pumps for 
expansion purposes. 

4.5.2.1 

Uniform velocity distribution, void of turbulent disturbances, is the ideal flow condition for 
pump intakes. The current arrangement of the suction piping does not provide the ideal 
uniform flow approach to the suction of the vertical pump. However, if the approach velocity 
is limited to less than 2 ft/sec, laminar flow conditions will prevail and excessive swirling 
motions in the suspended pump resulting in higher potentials for premature bearing failure, 
noisy operation, and cavitation within the first stage of the pump.  

Approach Velocity 

4.5.2.2 

Figure 4.10 indicates that the Hydraulic Institute recommends a minimum of 5 times the 
diameter of the influent piping, or 7.5 feet, between the horizontal piping and the pump 
suction elbow. This is currently not the case with the Columbia vertical turbine pump 
installations. However, assuming that straightening vanes have been provided within the 
elbow, the maximum cross flow velocities in the 24-inch piping should be limited to less 
than 5ft/second. 

Cross Flow Velocities  

4.5.2.3 

As indicated by Figure 4.10, the elevation of the centerline of the pump volute in the first 
stage is approximately 6.5 feet below the top of the media. Assuming a water level of 
581.16 and a maximum media and underdrain losses of 5.8 ft the energy grade line for the 
pump suction would be directly above the media surface (to minimize air binding).  

NPSH: 

The suction energy for the pump was calculated based upon the following equations: 

Nss = N*Q0.5/NPSHr0.75 

SE = Nss*N*De*SG 
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NPSH Margin = NPSHa/NPSHr 

Where: 
Nss = Suction Specific Speed 

N = Speed of Motor (rpm) 

Q= Flow (gpm) at pump best efficiency point 

NPSHr = Net Positive Suction Head Required at the BEP (from pump curve) 

SE = Suction Energy 

De = Impeller Eye Diameter = 0.75*D 

D = Impeller diameter 

SG = Specific Gravity of Pumped Fluid 

The suction energy (SE) class of these pumps were determined to be high which, according 
to ANSI/HI Standard 9.6.1-1998 results in an NPSH Margin of 1.3 for water pumping 
equipment. Knowing the NPSHr of the pumps, static head, and suction conditions, the 
capacity of the existing arrangement was calculated assuming an NPSH margin of 1.3. 

4.5.2.4 

Figure 4.11 provides a summary of the hydraulic limitations of the existing pumping system 
associated with the high service pumps. This figure indicates that the limiting factor for the 
pumping system is the approach velocity at 2.3 mgd per installation. Flow straightening 
vanes will increase the capacity to 5 mgd assuming a 5 ft/ sec allowable velocity.  

Conclusions 

If GWUDI compliance is required, it is our recommendation that the existing pump 
installation be abandoned and high service pumping be accomplished in a centralized wet 
well connected to the common filter outlet piping (see Chapter 3). This will require the 
installation of a second 36-inch header to minimize the headloss and velocity from the filters 
to the new pumping wet well. This is discussed in more detail in Chapter 5.  
  



Figure 4.10 - Existing Pump Station Arrangement 
Chapter 4 – Hydraulic Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Chapter 5 – Treatment Alternatives Evaluation 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

5.1 DECISION ANALYSIS METHODOLOGY 
Identification, screening, development, and evaluation of treatment process alternatives are 
critical task associated with the Preliminary Design Report for the McBaine WTP. It is 
important ant a systematic decision making process is established and followed to ensure 
the resultant recommendations are fully endorsed by all project stakeholders. To facilitate 
this decision process, Carollo recommends the use of a decision analysis software tool. 

5.1.1 Definition of Decision Analysis 

It is important to draw a distinction between the decision making process and the tools 
available to support that process. In this case, the decision making process is referred to as 
“decision analysis” and the potential tools as “decision analysis software tools.” These 
terms are specifically defined below: 

Decision Analysis – Decision analysis is a field of Business Process Improvement that has 
developed to assist agencies in making difficult, multi dimensional decisions that require 
input and consensus from a wide variety of stakeholders. 

Decision Analysis Software Tools: Computer software tools are utilized to support decision 
making by documenting the decision to be made, the evaluation criteria, the alternatives to 
be evaluated and their relative rankings. These software tools contain sophisticated 
decision-making calculations and graphical interfaces that permit stakeholders to identify 
the most important features of the decision making process and document these during the 
selection process. 

The goal is for the decision analysis to lead to defensible, repeatable, and optimal decision 
that can be easily communicated to those stakeholders not directly involved in the decision 
making process. The decision analysis software provides an effective means to facilitate 
and document the process particularly where the decision is complex and involves many 
different variables.  

5.1.2 Decision Analysis Model – Criterium Decision Plus 

Due to the number of stakeholders involved, the complexity of the issues, and the potential 
for injection of personal biases into the decision making process, the Criterium Decision 
Plus (CDP) software was selected to facilitate the process associated with the McBaine 
WTP Expansion project. This software has the means to identify these biases, promote 
impartiality, and clearly document and define the decision making process such that it can 
be easily communicated to those stakeholders not directly involved.  
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There are two basic modules in CDP, the Brainstorming Module and the Model Ranking 
and Evaluation Module. The Brainstorming Module is used to define the decision, identify 
the criteria for evaluation and to identify the alternatives to meet the decision goal. The 
Model Ranking and Evaluation Module facilitate criteria weighting and alternative ranking 
and analysis. This second module has a comprehensive set of model analysis tools that 
allow the user to investigate the soundness of any decision. The software program is based 
upon rigorous mathematical techniques and include both Analytical Hierarchy Process 
(AHP) and Simple Multi-Attribute Rating Technique (SMART) formulations. The most 
important feature of the CDP model is that although complex mathematics are involved in 
the analysis, the user interface is simple and straightforward and does not require an 
extensive knowledge of decision analysis theory or the underlying mathematics. 

5.2 PROJECT VISIONING RESULTS 

5.2.1 Introduction 

Project vision and boundary definition was a key initial activity needed to guide the 
development of the Preliminary Design of the McBaine WTP expansion with respect to the 
goals of the project: 

• Expand the treatment capacity of the McBaine Water Treatment Plant to ensure 
projected future water demands can be provided without the need for use restrictions. 

• Modifications to the existing McBaine Water Treatment Plant and/or treatment 
process necessary to ensure compliance with existing and anticipated water quality 
regulations. 

The project visioning effort focused on defining items such as overall project objectives, 
location of expansion, continuation of treatment goals for softening and other aesthetic 
elements, consideration of advanced treatment technologies, continuation of chloramination 
for DBP compliance, future residuals management, and importance of removing most of the 
Contaminants of Emerging Concern (see chapter 2).  

5.2.2 Visioning Questionnaire 

In January 2010, to facilitate project visioning, a visioning questionnaire was distributed to 
the following stakeholders: 

• City of Columbia Water and Light Department Engineering 

• City of Columbia Water and Light Treatment and Distribution System Operations 

• Water and Light Advisory Board Members 

• Energy and Environment Commission 

• Mayor and City Council Members 
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• City of Columbia, MO Department of Public Works 

Appendix B contains a sample of the visioning questionnaire distributed to the stakeholders 
and provides a detailed summary of the results. The major results include: 

• Recommendations to, at a minimum, retain current finished water quality goals 
including those pertaining to the aesthetic nature of the finished water. 

• Concerns regarding the quality of the existing source water and a strong desire to 
investigate alternative sources to supply the McBaine WTP. 

• Acceptability of transitioning chloramination from a “temporary” solution to DBP 
compliance to a permanent solution. 

• Recommendations to evaluate treatment of Contaminants of Emerging Concern 
(CEC) as part of this study. 

• A strong desire to retain the existing McBaine WTP and associated facilities. 

5.2.3 Visioning Workshop 

On May 6, 2010, a project-visioning workshop was held with the major project stakeholders 
from 2:00 to 5:00 pm at the Columbia Water and Light Ash street facilities to discuss the 
results of the visioning questionnaire, establish the study boundaries, and determine “must 
haves” for the project.  

Key boundaries and “Must Include” for the study established in the workshop as well as 
additional items established as the project progressed are as follows: 

• Plant relocation was eliminated early in the process due to the magnitude of existing 
investments in raw water delivery and distribution system infrastructure. 

• Demolition and abandonment of the existing plant is not within the scope of the 
project. 

• Improvements should be developed based on a phased approach to a sustained 
(maximum capacity wit the largest filter out of service) and peak plant capacity of 52 
and 60 mgd, respectively. 

• Raw water and treated water distribution infrastructure improvement required to 
support the eventual peak day flows are beyond the scope of this project. 

• The following aesthetic finished water quality goals will remain: 
– Finished Water Hardness Goal – 150 mg/L as CaCO3 
– Meet or exceed the USEPA Secondary MCL Goals for iron ( 0.3 mg/L) and 

manganese ( 0.05 mg/L) 
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• Obtain compliance with regulations associated with the operation of a facility with 
source water classified as a Groundwater Under the Direct Influence of Surface 
Water (GWUDI). 

• Study boundaries do not include relocation/modification of the existing wastewater 
treatment plant or associated wetlands (including the Eagle Bluffs Conservation 
area). 

• Study boundaries do not include demand projections or modification thereof due to 
water reuse or conservation measures. 

• Study boundaries do not include the purchase of water from other utilities or the 
construction of a new water treatment plant to satisfy future demands prior to 2028. 

• Provide the ability to switch back to free chlorine in the distribution system while 
maintaining established finished water quality goals for disinfection by products 
(location running annual averages 50% of the current MCL [i.e. 40 µg/L TTHM, 
30 µg/L HAA5]). There was a debate within the stakeholders present whether this 
should be retained during the evaluation process. The major reason for the inclusion 
of this parameter was the potential for higher operational and capital costs associated 
with the prevention of nitrification within the distribution system. It was agreed that this 
would be included as a benchmarking tool and the impacts of seasonal switchovers 
to free chlorine would be evaluated by the Columbia Water and Light Department. 

5.3 FINISHED WATER QUALITY GOALS 

5.3.1 Finished Water Quality Workshop 

Although all water treatment plants must meet existing water quality regulatory standards, it 
is important to anticipate that future water quality standards may be more stringent than 
existing standards. Table 5.1 presents the results of the finished water quality workshop 
conducted with Columbia Water and Light Department staff following the regulatory 
evaluation (Chapter 2) to establish key parameters and finished water quality goals for the 
McBaine WTP expansion. Some of the parameters listed, such as pH and alkalinity, are not 
primary drinking water standards but are included because they affect finished water 
stability and are of concern with respect to the aesthetic quality of the distribution system 
water. 
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Table 5.1 Finished Water Quality Goals for Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal Regulatory Limit Comments 
GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Eventual Goal of 
Partnership 
Standards for New 
Designs: 
< 

< 0.3 NTU in 100% 
for individual filter 
Readings. 

0.1 NTU for 95% 
of individual Filter 
Readings 

 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

3-log 
removal/inactivation 

Design Disinfection 
for 0.5 log 
inactivation for all 
flows at coldest 
recorded 
temperatures. 

Virus Inactivation > 

> 4.0 log inactivation 
through Disinfection 
(GW Rule) 

2.0 log removal 
through filters 

> 4.0 log removal 
(total) 

4-log 
removal/inactivation 

Design Disinfection 
for 4-log inactivation 
for all flows at 
coldest recorded 
temperatures. (GW 
Rule) 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

2-long 
removal/inactivation 

Design Disinfection 
for Bin 0 facility 

TOC Removal 
Through Process 

> 25% Removal 25% Removal Maximize through 
softening process. 
Add supplemental 
removal if desired for 
free chlorine residual 
in Distribution 
System. 
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Table 5.1 Finished Water Quality Goals for Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal Regulatory Limit Comments 
Disinfection By Products   

TTHM1 < 40% µg/L < Set internal goal of 
50% of MCL set by 
the Stage 2 
D/DBPR. 

80% µg/L 

HAA51 < 30% µg/L < Set internal goal of 
50% of MCL set by 
the Stage 2 
D/DBPR. 

80% µg/L 

Total Chlorine 2.5-3.0 mg/L < 4.0 mg/L  

Bromate (BrO3
-) <5 µg/L < If Ozone is 

considered, bromate 
control should be 
implemented at 50% 
of the MCL due to 
potential for EPA to 
reduce limit from 10 
to 5 µg/L in the 
future. 

10µg/L 

Chlorite (ClO2
-) < 0.4 mg/L < 1.0 mg/L If Chlorine Dioxide is 

considered, Chlorite 
control should be 
implemented to limit 
taste and odor 
complaints due to 
high chlorite levels. 

Finished Water Stability   

pH 8.5 – 9.0 s.u N/A Sufficient to retain 
effectiveness of 
disinfectant and high 
enough to limit 
nitrification. 

CCPP 4-10 mg/L N/A  

LI Slightly Positive N/A Protection of 
Distribution System 
Concrete Mortar 
Lining 
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Table 5.1 Finished Water Quality Goals for Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal Regulatory Limit Comments 
Alkalinity 80-100 mg/L as 

CaCO3 

N/A Reduction of iron 
corrosion. Studies 
indicate that 
redwater complaints 
are minimized with 
alkalinities above 80 
mg/L.  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L SMCL = 0.3 mg/L Existing process 
exceeds the 0.2 
mg/L value provided. 

Manganese (total) < 0.03 mg/L SMCL = 0.05 mg/L Existing process 
exceeds the 0.03 
mg/L value. 

Ammonia (total) 0.05 – 0.1 mg/L N N/A Goals to minimize 
nitrification through 
distribution system 
(AWWA 2006) 

Fluoride 0.8-1.0 mg/L < 4.0 mg/L  

Total Hardness 150 mg/L as CaCO3 N/A Hardness goal of 
150 mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most Not Regulated  

NDMA ND Not Regulated California Action 
Level is 10 ηg/L 

Note
(1) Running annual average of locations selected in accordance with IDSE (typically long duration 

time) required by Stage II D/DBPR. 

: 

 

5.3.2 Existing McBaine WTP Compliance with Finished Water Quality 
Goals 

Table 5.2 lists the finished water quality goals and the current compliance status of the 
McBaine WTP with these goals as determined in Chapter 2. 
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Table 5.2 Finished Water Quality Goals for Expansion 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 
GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% of 
individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Historical filter 
performance inadequate 
to meet goals. 

Noncompliant 

 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Due to Filter turbidity 
requirements and 
current Design 
Disinfection inadequate 
for 0.5 log inactivation 
for all flows at coldest 
recorded temperatures 
including potential 
collector well 
temperatures (5 C). 

Noncompliant 

Virus Inactivation > 

> 4.0 log inactivation 
through Disinfection 
(GW Rule) 

2.0 log removal 
through filters 

> 4.0 log removal 
(total) 

Compliant Compliant with projected 
maximum month flows 
at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Due to Filter Effluent 
Turbidity requirements. 

Noncompliant 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process through 
co-precipitation with iron 
and CaCO3 removal 
adequate. 

 
 
 
 
 
 
 
 

  



 

December 2012 – FINAL 5-9 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 5_ 

Table 5.2 Finished Water Quality Goals for Expansion 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Disinfection By Products   

TTHM1 < Compliant1 40% µg/L With current use of 
chloramines 

HAA51 < Complaint1 30% µg/L With current use of 
chloramines 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Compliant  

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water 
Stability 

   

pH 8.5 – 9.0 s.u Compliant  

CCPP 4-10 mg/L Unknown  

LI Slightly Positive Unknown  

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Unknown  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 150 
mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most Existing process (free 
chlorine contact) not as 
effective as other 
technologies 

Noncompliant 

NDMA ND Compliant Sampling of NDMA 
during chloramination 
indicates free chlorine 
contact time oxidizes 
constitutes on reaction 
pathway between 
chloramines and NDMA. 

Note
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

: 
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5.3.2.1 

As indicated by Table 5.2, the reclassification of the McBaine Source water as GWUDI 
imposes additional regulations and more stringent treatment requirements that will 
necessitate extensive process improvements/upgrades to achieve regulatory compliance. 
These regulations affect the WTPs’ ability to address: 

GWUDI Compliance 

• Disinfection - meet minimum disinfection requirements. 

• Softening (and Other) Process Ratings - adequately treat and produce water at the 
currently approved WTPs’ capacities with significantly a settled water turbidity than 
currently produced. 

• Filter Performance - produce finished water of appropriate quality 

5.3.2.2 

The existing water treatment plants include lime softening, filtration, air stripping, free 
chlorine for primary disinfection, and ammonia addition for a combined chlorine residual for 
secondary disinfection throughout the distribution system. Disinfection credit at these 
facilities is currently obtained through demonstrated filter performance and chlorine 
disinfection. Should the NWWF be reclassified as GWUDI, the regulations under the 
Surface Water Treatment Rule and its amendments would require even more stringent 
disinfection, including: 

Disinfection 

• Giardia 3.0-log inactivation/removal. 

• Viruses 4.0-log inactivation/removal. 

• Cryptosporidium  3.0- to 5.5-log inactivation/removal (depending on source water 
monitoring to establish Long Term 2 Enhanced Surface Water 
Treatment Rule (LT2ESWTR) bin classification). 

5.3.2.3 

Under GWUDI, the McBaine WTP would require 3.0-log disinfection of Giardia. WTPs with 
well performing filters would be granted 2.5-log removal credit. The remaining 0.5-log would 
have to be achieved through chemical disinfection. Proper control of the disinfection pH to 
levels at or below (pH 9.0) are required in order to receive disinfection credit for either free 
chlorine or chloramines (see Table 5.1). 

Giardia 

Figure 5.1 presents the average monthly pH through the treatment process for 2008. 
Figure 5.1 indicates that the primary effluent is consistently above pH 9 (prior to chlorine 
addition); however, the pH reduces to around 9 with the addition of free chlorine for 
disinfection. However, with the potential surface water temperature effects from the 
installation of a collector well, the softening pH will need to be increased during the winter 
months to achieve the softening goals. As a result, a recarbonation system is 
recommended to maintain the disinfection pH at or below 9, when converting to a GWUDI 
plan.  
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Table 5.3 Giardia Disinfection Credit from Either Free Chlorine or Chloramines 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Regulation §62-550.520(1), F.A.C. 
Requirement “Surface water systems or groundwater systems that are required to demonstrate 

the effectiveness of their primary disinfection treatment process to meet Giardia 
lamblia or virus inactivation requirements shall operate within a pH range as 
specified for their disinfectant in the tables in Appendix E of the Guidance Manual

 

 
adopted in subsection 62-555.335(1), F.A.C.” 

Appendix E Guidance Manual (Free Chlorine Tables E-1 through E-7; Chloramines 
Table E-12 through E-13) 

Giardia  pH ≤ 9.0 
Viruses  pH 6-10 

Future 
Compliance 
With 
Existing  

At the average pH (>9.0) at the point of chlorine residual monitoring, at times, the 
current chemical disinfection strategy would not have provided for any Giardia 
inactivation credit

  

 over past three calendar years, if Giardia inactivation had been 
required. 

 

5.3.2.4 

The required 4-log of virus inactivation can be achieved through the current WTPs. 
Additional modifications to address this requirement are not necessary. 

Viruses 

5.3.2.5 

Depending on the future concentration of Cryptosporidium detected in the McBaine bottoms 
well field, additional treatment may be required (40 CFR § 141.170). If inactivation credit is 
determined to be necessary, the existing McBaine WTP does not have the required tools 
(chlorine dioxide, ozone, UV) to provide this credit. Additional discussion was provided in 
Chapter 2 of this report. Based upon the results taken from the vertical and collector wells 
in Independence, MO

Cryptosporidium 

i, significant concentrations of Cryptosporidium are not anticipated in 
the near-term but have been detected in the Missouri Riverii

5.3.2.6 

. 

Based on the GWUDI disinfection requirements, the current operation of the existing water 
treatment plants will not provide sufficient disinfection should the McBaine Well field be 
reclassified as GWUDI without material upgrades. It is recommended that chlorination 
should be continued to provide virus inactivation and post clarification recarbonation be 
provided for pH control and a post filter clearwell be provided with sufficient contact time to 
achieve 0.5 Giardia... Other additional and necessary improvements to enhance filtered 
water quality are discussed further in the following sections. 

Disinfection Summary 
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5.3.3 Softening (and Other) Process Ratings 

Reclassification of the McBaine well field as GWUDI will necessitate a review of all design 
process ratings as compared to the regulatory requirements (§62-555.320, F.A.C.). As 
discussed in Chapter 3, there are multiple process ratings throughout the McBaine that do 
not comply with the more stringent regulatory limits set forth in the Recommended 
Standards for Water Worksiii

Due to the design of the existing softening units, they cannot be operated as intended 
resulting in high settled water turbidities (see Figure 5.2), diminished process control, and a 
decrease in the ability of operators to respond to process upsets. As evidenced by plant 
operating data, this elevated settled water leads to turbidity breakthrough of the 
downstream filters and shortened filter run times. 

 (included by reference, also known as the “Ten State 
Standards”) for surface water and GWUDI water treatment facilities, as shown in Table 5.4. 

 

Table 5.4 Regulatory WTP Design Requirements (Ten State Standards) 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Physical Process 
Ten State 
Standards Units McBaine WTP 

Permitted Capacity1 - mgd 32 

Aeration 

Loading Rate 0.35-0.6 Scfm/gpm 0.35 

Solids Contact Units 

Flocculation Mixing Period > 30 min 22-30 

Softening Detention Time 2-4 hours 1.5-1.75 

Weir Loading ≤10 gpm/ft 20-22 

Up flow Rate ≤1.00 Gpm/sqft 1.05-1 

Recarbonation Channels 

Detention Time 20 minutes minutes 2.5 min 

Filters 

Filter Loading Rate 2 to 4 gpm/sqft 4 

Velocity of Treated Water in 
Pipes/Conduits ≤2 fps fps < 2 

Backwash Rate ≥15; 20 gpm/sqft < 15 
Note
1. Permitted capacity as a groundwater treatment plant only. 

: 
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5.3.4 Filter Performance 

5.3.4.1 

GWUDI compliance (Interim Enhanced Surface Water Treatment Rule - IESWTR) requires 
strict turbidity control as an integral component to achieving the necessary level of 
disinfection. The turbidity (or suspended particles) of the combined filtered water must meet 
the following filter performance requirements: 

Effluent Turbidity 

• ≤ 0.3 NTU in 95 percent of the samples. 

• ≤ 1.0 NTU in 100 percent of the samples. 

Figure 5.3 presents the frequency distribution of the effluent turbidity from Filters 1-8 for 
select dates in 2009. This figure indicates that, depending on the filters, the McBaine filters 
currently achieves the 0.3 NTU requirement from 26 to 90 percent of the time. This level of 
filter performance is not consistent with other lime softening treatment plants. These 
performance data from the McBaine WTP filters are compared to the maximum values 
reported in the 2009 Consumer Confidence Reports of 15 other surface water lime-
softening facilities. Figure 5.4 illustrates that all of these facilities are able to maintain their 
maximum filter effluent turbidities well below the regulatory limits. Many of the facilities have 
maximum effluent turbidity levels over one order of magnitude lower than those values 
reported for the McBaine WTP. 

5.3.4.2 

The EPA allows for the filter effluent turbidity from lime softening plants to be determined 
after the sample has been acidified. Acidification of turbidity samples must be performed 
using a protocol approved by the State. Missouri has not yet approved an acidification 
protocol. Furthermore, while this is applicable to the combined filter effluent turbidity 
requirements specified in 40 CFR 141.173 and 40 CFR 141.551 (IESWTR and Long 
Term 1 Enhanced Surface Water Treatment Rule), the Long Term 2 Enhanced Surface 
Water Treatment Rule goes on to state that the, “

Acidification of Turbidity Samples 

EPA does not believe

In place of acidifying individual filter turbidity samples, a public water supply system can 
apply to the State for alternative turbidity exceedances levels and demonstrate that the 
higher turbidity levels are not due to degraded filter performance. However, the 15 other 
lime softening surface water treatment plants, presented in Figure 5.4 show that 
appropriately designed and operated lime softening WTPs can consistently meet the 
regulatory filter effluent turbidity limits without turbidity sample acidification. 

 that acidifying 
samples while measuring turbidity every 15 minutes at each individual filter, as the IESWTR 
and LT1ESWTR also require, is feasible.” 
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5.3.4.3 

In order to meet the filter performance regulatory requirements, the necessary level of 
improvement requires significant upgrades to not only the filters themselves, but also to the 
functionality, capability, and control of the preceding treatment processes. Upgrades to the 
filters should include modifications to the under drain system in Filters No. 1-4, increasing 
the media depth and L/d ratio, increasing the wash water troughs’ elevation, and modifying 
backwash facilities, unless these media filters were not to be replaced by membrane 
filtration (i.e. microfiltration or ultrafiltration). Some of the key upstream process 
modifications necessary to consistently comply with the required regulatory filter effluent 
turbidity limits include installing new, robustly designed solids contact clarifiers and 
improving the stabilization of the water through improved softening pH control, 
recarbonation carbon dioxide dose control, and recarbonation pH control. These upgrades 
have been discussed in greater detail in Chapter 3 Existing Process Evaluation.”  

Filtration Summary 

5.3.5 Existing Process Improvements Summary 

Based on examination of the existing system and the ability to produce water that complies 
with the minimum water quality requirements associated with GWUDI, Table 5.5 
summarizes the existing condition and recommended process modifications for each unit 
process at the McBaine WTP to achieve compliance with a GWUDI source water 
classification. 

5.3.5.1 

As figure 5.5 indicates, the conversion of the distribution system disinfectant from chlorine 
to chloramines will enable the City of Columbia, MO to attain the goal of 50% of the MCL for 
TTHM and HAA’s. However, due to concerns regarding nitrification, there is a desire to 
examine the merits of treatment to continue to utilize free chlorine within the distribution 
system and retain the benefits of reduced levels of TTHM’s and HAA’s afforded through use 
of chloramines.  

Disinfection By-Products 

5.3.5.2 

5.3.5.2.1 NDMA 

Potential Future Regulations 

Chapter 2 identified two major potentials for future regulations that could affect the 
McBaine, WTP. The first of which is N-Nitrosodimethylamine (NDMA), a potential 
carcinogen, has been reported as a disinfection byproduct associated with the use of 
chloramines and under certain conditions with chlorine in the drinking water and wastewater 
treatment plants. As chloramines become used as a primary and post disinfectant instead 
of chlorine by more water utilities to reduce total trihalomethanes (TTHM) and haloacetic 
acids (HAAs) formation, the public may be increasing exposed to NDMA. The state of 
California established action level, a health-based advisory level, of 10 ng/L for NDMA in 
drinking water.  
  



Figure 5.3 – Summary of Filter Effluent Turbidities (2009) 
Chapter 5 - Treatment Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Figure 5.4 –Comparison of the Surface Water Lime 
Softening Facilities Maximum Turbidity Levels Reported 
in 2009 Consumer Confidence Reports to McBaine WTP 

Turbidity Data (2009) 
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Turbidity 
(NTU)

 40 CFR 141 Requires ≤0.3 NTU 95% of Combined Filter Effluent Samples

 40 CFR 141 Requires ≤1.0 NTU 100% of Combined Filter Effluent Samples

Preston WTP
<0.67 NTU 95%

Preston WTP
<1.84 NTU 100%

Filter 2 McBaine WTP  
< 1.5  NTU 100% 

Filter 2 McBaine WTP  
<  0.9  NTU 95% 
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Table 5.5 Summary of Potential Process Modifications for Existing Unit Processes 

at McBaine WTP 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light  

Description Condition/ Issue Potential Modifications 

Primary 
Softening Units 
1-2 

• Solids carryover to filters 

• Elevated solids 
generation/loading 

• Disparate influent/effluent 
water quality 

• Uneven hydraulic loading 

• Insufficient solids removal 

• GWUDI Compliance – Replace SCC 
units with stainless steel solid units 
with more robust design. 

Primary 
Softening Unit 
3 

• Solids carryover to filters 

• Elevated solids 
generation/loading 

• Disparate influent/effluent 
water quality 

• Uneven hydraulic loading 

• Insufficient solids removal 

• Low Rake Torque Design 

• GWUDI Compliance – Replace SCC 
units with stainless steel solid units 
with more robust design. 

Primary 
Softening Units 
4 

• Solids carryover to filters 

• Elevated solids 
generation/loading 

• Disparate influent/effluent 
water quality 

• Uneven hydraulic loading 

• Insufficient solids removal 

• Once grit classification device has 
been installed, improve operations 
to manage solids in center cone. 

• If unsuccessful due to high rake 
torque, replace SCC units with 
stainless steel solids contact 
clarifiers with a more robust design. 

Recarbonation 
System 

• Limited mixing and reaction 
time if chlorine contact 
basins not used 

• Poor control of CO2 dosing 

• Install carbonic acid feed system at 
recarbonation flumes to adjust pH 
prior to filtration (disinfection pH) 
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Table 5.5 Summary of Potential Process Modifications for Existing Unit Processes 
at McBaine WTP 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light  

Description Condition/ Issue Potential Modifications 

Filters • Effluent turbidity does not 
meet GWUDI regulatory filter 
performance requirements 

• Filter beds not deep enough 
(L/d ratio too small) 

• Historic under drain issues 

• Lack of filter-to-waste 

• Backwash procedure not 
optimized (i.e. media 
washout, insufficient 
fluidization) 

• Lack of individual filter 
monitoring 

• Design and implement filter 
modifications necessary to increase 
L/d ratio of filter bed and maintain 
equal media characteristics between 
filters. 

• Replace filter under drains (1-4). 

• Convert filters from declining rate to 
constant rate. 

• Remove pumps from common filter 
effluent header and install 
downstream in a wet well. 

Disinfection • Filters would not meet 
performance requirements 
for disinfection credit under 
GWUDI 

• Current pH too high to 
achieve required Giardia 
inactivation credit  

• Make softening unit and filter 
modifications (listed above) to 
achieve filtration credit 

• Provide contact time post filtration to 
achieve Giardia disinfection to 0.5 
log at projected maximum month 
flows at 5 C for potential horizontal 
collector well.  

Chemical 
Storage & 
Feed Systems 

• Safety concerns with Cl2 gas 
system  

• Lime feed system grit 
removal poor causing rake 
torque problems in SCC. 

• Install on-site sodium hypochlorite 
generation system 

• Install grit classification device on 
batch slaking system to reduce 
burden on SCC rakes. 

 
  



Figure 5.5 –TTHM Conentration with Chloramines (Source: 
Columbia, MO DBP Project) 
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The performance of the existing Columbia WTP with respect to control of NDMA was tested 
by sampling for NDMA within the distribution system. The results indicated undetectable 
levels of NDMA within the distribution system during chloramination. Recent research has 
indicated that in many waters preoxidation with free chlorine prior to chloramination is an 
effective technique in the control of NDMA 

5.3.5.2.2 CEC’s 

In a recent Water Research Foundation Studyiv

5.4 NON-ECONOMIC ALTERNATIVE EVALUATION CRITERIA 

, investigators found in bench scale and pilot 
scale testing of conventional coagulation and softening (partial and enhanced) were 
ineffective for the treatment of most CEC’s studies. The effectiveness of free chlorine was 
slightly better with mainly the hydrophobic compounds with phenolic functional groups 
(e.g.estrodiol, esstrol, estrone), oxidized but no effect for many other compounds studied. 
Chloramines performed very poorly with minimal effect for many of the compounds studied. 
As a result, based upon this research the existing facilities at the McBaine WTP are 
insufficient to provide effective treatment of most known CEC’s.  

5.4.1 Criteria Selection and Ranking Workshop #1 

The Criteria Selection and Ranking Workshop was held with Columbia Water and Light 
(Water and Light) Department staff and stakeholders on May 26, 2010 from 2:00 p.m. to 
5:00 p.m. at the Water and Light ash street facility with specific discussion of the following 

• Overview of approach to determining recommended McBaine WTP improvements. 

• Presentation and discussion of results of project visioning questionnaire distributed to 
project stakeholders. 

• Establishment of boundaries for the development of alternatives associated with the 
project. 

• Development of alternative evaluation criteria and associated weighting. 

• Brief introduction to the identification of potential technologies that will be evaluated. 

5.4.2 Primary Criteria and Sub Criteria 

The decision-making methodology was established prior to beginning alternatives 
identification, screening and evaluation. The process included confirmation of the decision 
to be made, development of evaluation criteria, ranking of the evaluation criteria, and 
eventually scoring of the alternatives according to the established criteria.  

The decision to be made was established as “Select a Treatment Process for the 
Expansion of the McBaine WTP.” In a brainstorming session associated with the workshop, 
the stakeholders identified the criteria from which to base the alternatives screening 
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process. Following this, the criteria were grouped into primary criteria and sub criteria (See 
Figure 5.6). As indicated in Figure 5.6, the stakeholders identified the following primary 
evaluation criteria including: 1) Public Acceptance, 2) Constructability and, 3) Operability. 
These were defined as follows: 

Constructability - The ease of construction of an alternative. Alternatives that require less 
time and land area to construct, are flexible to phasing over time, and are easier to obtain 
permits will score higher. 

Public Acceptance

 

 - The ability of an alternative to provide water quality beyond regulated 
concentrations and/or established treatment goals that has the highest probability of being 
accepted by current Columbia. For this criterion, alternatives that produce a finished water 
quality that exceeds these base goals and provides the most effective means to 
communicate the effectiveness of treatment score higher. The base water quality goals that 
all alternatives must meet are described earlier in this Chapter. 

Operability 

The relative importance of each primary criterion was determined by pair-wise comparison. 
Thirteen sub-criteria were identified and grouped with one of the five primary criteria. The 
relative importance of the sub-criteria associated with each primary criterion was similarly 
determined by pair-wise comparison. Criterium Decision Plus (CDP) was used to facilitate 
assigning a numerical weighting (percent contribution to the total decision) to each primary 
and sub-criteria based on the results of the pair-wise comparisons. The ultimate numerical 
weighting assigned to each primary and sub-criteria was defined through an iterative 
process of reviewing and refining the relative weighting of each criteria. The resultant 
criteria, sub criteria, and associated weighting are detailed in Figure 5.7. Finished water 
quality was the largest contributor to the decision with the use of proven technologies to 
achieve the treatment goals and the ability to communicate the solution effectively to the 
public also determined to be significant factors.  

- The relative complexity of operations and maintenance for each alternative. 
Alternatives with lower operational and maintenance complexity and higher levels of safety 
will score higher. 

5.4.3 Goals and Measurements of Evaluation Criteria 

Table 5.6 details the primary and sub-criteria used to screen alternatives. It also 
summarizes the associated goal/measurement and scale applied for scoring of alternatives 
based on each sub-criteria. A scale range of 0-4 was used in all cases, including 
intermediate values of 1, 2, and 3. Table 5.6 also details the rationale associated with 
establishing the upper boundary (i.e., score of 4) and the lower boundary (i.e., score of 0) 
for each sub-criteria. Intermediate scores were assigned by relative comparison of each 
sub-criteria amongst alternatives. The sub-criteria scores were then multiplied by their 
associated weighting and totaled to result in a total score for each alternative for direct 
comparison. 



Figure 5..6 Summary of Primary and Sub-Criteria 
Selection 
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Figure 5..7 Summary of Primary and Sub-Criteria Ranking 
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Table 5.6 Evaluation Sub Criterion for McBaine WTP Expansion 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Primary Criteria Sub Criteria Goal/Measurement Scale Range 

Constructability • Permit ability Number of permits 
required and 
difficulty associated 
with obtaining. 

0 - Numerous permits needed 
requiring significant 
involvement from multiple 
stakeholders. 
4 - Minimal permitting 
requirements with limited 
stakeholder involvement. 

• Schedule Construction 
duration in 
months, shorter 
duration is 
desired. 

0 - Very long construction 
period. 
4 - Short construction period. 

• Land 
Requirements 

Acres, fewer acres 
desired. 

 

0 - Largest footprint required to 
accommodate WTP structures 
(not including residuals 
handling). 
4 - Smallest footprint required 
to accommodate WTP 
structures (not including 
residuals handling). 

• Maintenance 
of Operations 

Ability to implement 
WTP processes at 
appropriate levels 
and times. 

0 - Unable to phase process. 
4 - Multiple options for phasing 
process alternatives. 

Operability • Residuals Tons per year 
Lower levels 
desired. 

0 - High residuals production. 
4 - Low residuals production. 

 • Staffing Number of 
processes 
requiring 
simultaneous 
operation. Process 
sophistication and 
level of operator 
training needed. 
Fewer processes 
with less intervention 
and higher 
automation desired. 

 

0 - Numerous processes with 
extensive short- and long-term 
maintenance needs, limited 
familiarity. 
4 - Fewer processes with low 
level of sophistication, 
Columbia W&L Staff 
familiarity. 
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Table 5.6 Evaluation Sub Criterion for McBaine WTP Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Primary Criteria Sub Criteria Goal/Measurement Scale Range 

 • Proven 
Technology 

Alternatives 
including 
processes with 
proven 
track record score 
higher than newer, 
less proven 
technologies. 

 

0 - No full-scale installations in 
the range of 30-60 mgd. 
4 - Extensive full-scale 
experience in both number of 
installations and number of 
years in service for similar 
capacities 30-60 mgd. 

 • Maintainability Alternatives with 
more 
processes and/or a 
higher degree of 
sophistication 
are less desirable. 

 

0 - Numerous processes 
requiring significant operator 
training and intervention to 
achieve finished water quality 
goals. 
4 - Most processes are 
automated and require 
minimal monitoring and/or 
intervention to achieve finished 
water quality goals. 

 

 • Source Water 
Treatability 

Degree to which raw 
water temperature 
variation and DBP 
formation potential 
variation can be 
handled from 
introduction of a 
future collector well 
without impacting 
the ability to satisfy 
future water quality 
goals. 
 

0 - Many processes sensitive 
to water quality changes 
requiring frequent operator 
intervention. 
4 - Fewer processes sensitive 
to water quality changes 
requiring less operator 
intervention. 
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Table 5.6 Evaluation Sub Criterion for McBaine WTP Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Primary Criteria Sub Criteria Goal/Measurement Scale Range 

Public 
Acceptance 

• Water Quality 
Enhanced Ability to 
satisfy GWUDI 
Requirements 

Enhanced 
Compliance with 
Disinfection By 
Products using free 
chlorine. 

Destruction of 
Contaminants of 
Emerging concern. 

 

 
GWUDI Compliance- Pathogen 
inactivation.  
0 - No pathogen inactivation 
above regulatory 
requirements with single barrier 
approach. 
4 - Multiple log inactivation 
above regulatory requirements 
with multiple barrier approach. 
 
GWUDI Compliance – Effluent 
Turbidity (surrogate for 
pathogen physical removal) 
0 - No turbidity removal above 
regulatory 
requirements with single barrier 
approach. 
4 – Turbidity removal 
significantly above regulatory 
requirements with multiple 
barrier approach. 
 
Disinfection by - 
products (DBPs) with Free 
Chlorine: 
DBP distribution system 
concentrations as determined 
by simulated distribution system 
testing using free chlorine as 
disinfectant. 
0 - DBP distribution system 
concentrations complying with 
regulatory requirements. 
4 - DBP distribution system 
concentrations 50% lower than 
regulatory requirements. 
 
Contaminants of Emerging 
Concern Destruction: 
0 - Results in finished water 
CEC concentrations similar to 
raw water. 
4 - Capable of significantly 
reducing most CEC’s to levels 
undetectable by current 
analytical techniques. 
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Table 5.6 Evaluation Sub Criterion for McBaine WTP Expansion 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Primary Criteria Sub Criteria Goal/Measurement Scale Range 

 • Sustainability 
Alternatives with 
lower carbon 
footprint, chemical 
usage and high-
energy efficiency . 

0 – Results in a lower 
sustainable design. 
4 – Highest level of 
sustainable design. 

 • Future 
Regulations Ability to cope with 

as yet unknown 
future regulations. 

0- Process with minimal 
flexibility and treatment 
barriers. 

4 – Process with maximum 
oxidative, biological, and 
physical treatment barriers. 

 • Ability to 
Communicate 
Effectively 

Ability to 
communicate 
treatment solution 
effectively with 
Public.  

0 – Processes that are 
complex and not easily 
understood by public, which 
may be more likely to endure a 
public vetting process.  
4 – Processes who’s 
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5.5 PRELIMINARY TREATMENT PROCESS ALTERNATIVE 
IDENTIFICATION 

Figure 5.8 details the rationale used to identify preliminary treatment process alternatives. 
The first step was to conduct a fatal flaw analysis as a “coarse” screen to eliminate 
alternatives that are not appropriate to consider further. The next step was to group base 
treatment trains into four categories including: 

1. Partial Softening with Chloramination 

2. Split Treatment with Chloramination 

3.  Partial Softening with Free Chlorine 

4. Split Treatment with Chloramination 
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Sub-alternatives were then identified for each of the base treatment train groupings. 
Supplemental treatment process groupings and associated sub-alternatives were identified 
next, all of which could potentially be added to any base treatment train alternative to result 
in the complete process for the McBaine WTP. Supplemental process groupings included: 

1. Carbon Adsorption 

2. Biofiltration 

3. TOC Exchange Resins 

4. Ozone/Advanced Oxidation 

5. UV/ Advanced Oxidation 

6. Deep Bed Filtration 

7. Membrane Filtration 

5.5.1 Fatal Flaw Analysis 

Many potential treatment process alternatives would enable the project water quality and 
quantity goals to be achieved. However, some have major drawbacks and were not 
appropriate to consider further. During the visioning workshop, the following characteristics 
were developed to signal when a process flaw would be considered fatal: 

• Technology or process has never been constructed at the intended scale 30-60 mgd. 

• Technology is inappropriate for the application. For instance, since the source water 
does not include arsenic. Technologies designed for arsenic removal were not 
considered. 

• Technology or process does not have at least five installations constructed within the 
past two years. 

• Technology, a priori, has an extremely inflated cost. 

• Technology will not be accepted by the Public. 

For example, the use of nanofiltration technologies to achieve softened water is inherently 
expensive particularly if concentrate reduction is required due to limited disposal options. 
As a result, it was recommended that this alternative be considered fatal. 
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5.5.2 Base Alternative Identification: 

5.5.2.1 Partial Softening 

Without consideration for phasing, Figure 5.9 presents the base treatment train for partial 
softening. The base train reflects the current treatment train operation which requires 
control of the softening process through constant analysis of water quality parameters 
(hardness, alkalinity –methyl, alkalinity-phenolphthalein, pH) to enable control of the 
softening process. These contain the following common enhancements recommended by 
the regulatory, hydraulic, and process evaluations (Chapter 2, 3, and 4, respectively) to 
comply with the GWUDI standards as defined by Table 5.4 herein. 

The process can either be designed with the use of chlorine or chloramines as a secondary 
disinfectant; however, as defined in the regulatory evaluation, the free chlorine base 
alternative will require supplemental processes to achieve compliance with Finished Water 
Quality goals for location running annual average of disinfection by products within the 
distribution system. In addition, filtration expansion can either be through the use of 
membranes, conventional or deep bed rapid rate multimedia filters. 

5.5.2.2 Split Treatment 

Without consideration for phasing, Figure 5.10 presents the base treatment train for split 
treatment. In this concept, the first four to six basins would operate with enhanced lime 
softening to potentially enhance disinfection by-product reduction through removal of 
magnesium hydroxide. Given the historical raw water quality, approximately 15 to 20% of 
the raw water flow would be diverted to flocculating clarifiers operating with excess doses of 
ferric sulfate to enhance removal of disinfection by-product precursors and provide a 
finished water hardness of 150 mg/L.  

Similar common enhancements recommended by the regulatory, hydraulic, and process 
evaluations (Chapter 2, 3, and 4, respectively) to comply with the GWUDI standards as 
defined by table 5.4 herein. Like the partial softening process, this configuration can either 
be designed with the use of chlorine or chloramines as a secondary disinfectant. Prior to 
the data gap analysis provided below, it was uncertain whether this process alone could 
permit the utilizing of free chlorine as a secondary disinfectant to achieve compliance with 
the Finished Water Quality goals for location running annual average of disinfection by 
products in the distribution system. In addition, filtration expansion can either be through the 
use of membranes, conventional or deep bed rapid rate multimedia filters. 
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Figure 5.10 Split Treatment Base Alternative 
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5.6 PRELIMINARY TREATMENT PROCESS ALTERNATIVES 
The following subsections detail each of the identified sub alternatives associated with the 
base treatment trains. To improve readability, figures detailing each sub-alternative are 
included in Appendix C rather than immediately following the individual sub-alternative 
descriptions. 

5.6.1 Alternative 1 – Partial Softening with Chloramines 

5.6.1.1 Sub-Alternative 1A – Rapid Rate Deep Bed Filtration Expansion 

Schematic of this alternative is presented in Figure 1 in Appendix C. This alternative 
involves rehabilitation of the existing filters to increase filtration rate to 6 gpm/sqft and install 
high rate deep bed rapid rate multimedia filters as part of any filtration expansion. 

This alternative satisfies the following water quality goals: 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 

Additional “data gaps” include: 

Performance of process for oxidation with free chlorine and/or co precipitation of CEC with 
calcium carbonate. 

Anticipated filtration rate range for deep bed filters and existing filters. 

5.6.1.2 Sub-Alternative 1B – Ultrafiltration Membrane Expansions 

Schematic of this alternative is presented in Figure 2 in Appendix C. This alternative 
involves the installation of submerged or module membranes either within the existing filter 
boxes or in a supplemental building. This alternative satisfies the following water quality 
goals: 

• Enhanced GWUDI Compliance – Membranes are an absolute barrier to pathogens 
and turbidity. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 
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Additional “data gaps” include: 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate. 

• Anticipated flux rates for membrane following filtration. 

5.6.1.3 Sub-Alternative 1C – UV Disinfection 

Schematic of this alternative is presented in Figure 3 in Appendix C. This alternative 
involves the installation of UV Disinfection following granular media filtration with the 
addition of chlorine only for 2-log virus removal in a small clearwell prior to ammonia 
addition. This alternative satisfies the following water quality goals: 

• Enhanced GWUDI Compliance for Disinfection – UV Disinfection superior pathogen 
inactivation barrier. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 

Additional “data gaps” include: 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate. 

• Transmissivity, fouling factors, and other parameters necessary for sizing of UV 
system. 

5.6.1.4 Sub-Alternative 1D – Ozone Biofiltration 

A schematic of this alternative is presented in Figure 4 in Appendix C. This alternative 
involves the incorporation of an intermediate ozone contactor (pipeline or traditional) 
between the primary basins and the filters. An in-plant lift station would be provided to 
ensure that sufficient head is available through the contactor prior to filtration. Filtration 
facilities will be modified with new under drains, GAC Media, and air scour systems 
specifically designed for biofiltration facilities. This alternative satisfies the following water 
quality goals. 

• Enhanced GWUDI Compliance for Disinfection – Ozone Disinfection superior Giardia 
inactivation barrier. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 
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Additional “data gaps” include: 

• Anticipated ozone demand and decay. 

• Anticipated bromated formation rate and impact on finished water quality. 

• Performance of oxidation with ozone and biofiltration for CEC destruction and 
biodegradation. 

5.6.2 Alternative 2 – Split Treatment with Chloramines: 

5.6.2.1 Sub-Alternative 2A – Rapid Rate Deep Bed Filtration Expansion 

Schematic of this alternative is presented in Figure 5 in Appendix C. This alternative 
involves rehabilitation of the existing filters to increase filtration rate to 6 gpm/sqft and install 
high rate deep bed rapid rate multimedia filters as part of any filtration expansion. 

This alternative satisfies the following water quality goals: 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by enhanced softening at pH> 9 and manganese dioxide coated media for 
conventional treatment train. 

• More effective TOC reduction due to enhanced softening in the softening trains and 
co precipitation with iron at reduced pH (7-7.5) in the conventional trains. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 

Additional “data gaps” include: 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate and Magnesium hydroxide. 

• Anticipated filtration rate range for deep bed filters. 

• Extent of effectiveness of enhanced softening and conventional treatment for TOC 
and DBP precursor reduction. 

• Effectiveness of Treatment process on CEC reduction. 

5.6.2.2 Sub-Alternative 2B – Ultrafiltration Membrane Expansions 

Schematic of this alternative is presented in Figure 6 in Appendix C. This alternative 
involves the installation of submerged or module membranes either within the existing filter 
boxes or in a supplemental building. This alternative satisfies the following water quality 
goals: 

• Enhanced GWUDI Compliance – Membranes are an absolute barrier to pathogens 
and turbidity. 
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• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. Addition of chlorine dioxide will be required to remove 
manganese prior to the membranes in the conventional treatment portion of the plant. 

• More effective TOC reduction due to enhanced softening in the softening trains and 
co precipitation with iron at reduced pH (7-7.5) in the conventional trains. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 

Additional “data gaps” include: 

• Split treatment savings on residuals production and chemical use (if any). 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate. 

• Impacts of enhanced softening in the softening trains and co precipitation with iron at 
reduced pH (7-7.5) in the conventional trains on TOC and DBP formation potential 
removal. 

• Anticipated flux rates for membrane following filtration. 

5.6.2.3 Sub-Alternative 2C – UV Disinfection 

Schematic of this alternative is presented in Figure 7 in Appendix C. This alternative 
involves the installation of UV Disinfection following granular media filtration with the 
addition of chlorine only for 2-log virus removal in a small clearwell prior to ammonia 
addition. This alternative satisfies the following water quality goals: 

• Enhanced GWUDI Compliance for Disinfection – UV Disinfection superior pathogen 
inactivation barrier. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. Manganese dioxide coated media will be required for filtration 
to remove Mn from the conventional train prior to UV oxidation. 

• More effective TOC reduction due to enhanced softening in the softening trains and 
co precipitation with iron at reduced pH (7-7.5) in the conventional trains. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with chloramination and 
controlled disinfection with free chlorine. 

Additional “data gaps” include: 

• Split treatment savings on residuals production and chemical use (if any). 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate. 
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• Transmissivity, fouling factor, and other parameters for Finished water effluent from 
split treatment design. 

• Effectiveness of treatment process on CEC reduction. 

5.6.2.4 Sub-Alternative 2D – Ozone Biofiltration 

A schematic of this alternative is presented in Figure 8 in Appendix C. This alternative 
involves the incorporation of an intermediate ozone contactor (pipeline or traditional) 
between the primary basins and the filters. An in-plant lift station would be provided to 
ensure that sufficient head is available through the contactor prior to filtration. The Ozone 
facilities would be located in two of the existing secondary basins thereby requiring higher 
loading rates (1.25-1.35 gpm/sqft) on the remaining basins to process 60 mgd. Filtration 
facilities will be modified with new under drains, GAC Media, and air scour systems 
specifically designed for biofiltration facilities. This alternative satisfies the following water 
quality goals. 

• Enhanced GWUDI Compliance for Disinfection – Ozone Disinfection superior 
pathogen inactivation barrier to Giardia. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to enhanced softening in the softening trains, co 
precipitation with iron at reduced pH (7-7.5) in the conventional trains, and 
biodegradation in biofilters. 

Additional “data gaps” include: 

• Anticipated ozone demand and decay. 

• Anticipated bromated formation rate and impact on finished water quality for various 
potential raw water temperatures (future collector well). 

• Performance of oxidation with ozone and biofiltration for CEC destruction and 
biodegradation. 

• Performance of ozone/biofiltraiton on TOC and DBP precursor reduction at potential 
variation of temperature (future collector well). 

• Split treatment savings on residuals production and chemical use (if any). 

• Performance of solids contact clarification units at surface loading rates higher than 
1.0 gpm/sqft. 
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5.6.3 Alternative 3 – Partial Softening with Free Chlorine 

5.6.3.1 Sub-Alternative 3A – MIEX Pretreatment 

A schematic of this alternative is presented in Figure 9 in Appendix C. This alternative 
involves the incorporation of a patented TOC exchange resin (MIEX in a high-rate, fluidized 
bed process following aeration to remove DBP precursors. The process would involve 
conversion of one of the primary basins to a dual train reactor with flow splitting to the 
remaining seven basins for softening prior to filtration. Chlorine would be added following 
primary sedimentation in the recarbonation/mixing chamber with sufficient contact time 
between the filters and the clearwell to provide Giardia Disinfection. This alternative 
satisfies the following water quality goals: 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to the pretreatment of the entire flow by MIEX resin. 

Additional “data gaps” include: 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate and removal by MIEX resin. 

• Anticipated filtration rate range for deep bed filters and existing filters. 

• Likelihood of achieving 50% of Stage I D/DBP rule TTHM, HAA values with full MIEX 
pretreatment and current softening regime. 

• Chemical savings from the use of MIEX pretreatment. 

5.6.3.2 Sub Alternative 3B – GAC Filter Absorbers 

A schematic of this alternative is presented in Figure 10 in Appendix C. This alternative 
incorporates the use of GAC filter absorbers to remove DBP precursors prior to 
chlorination. Filtration facilities will be modified with new under drains, GAC Media, and air 
scour systems specifically designed for GAC filter absorbers. In order to provide the 10 
minutes of empty bed contact time necessary for the design, the existing filters would be 
de-rated requiring immediate construction of new, deep bed filters with GAC Media (36-48 
inches), under drains, and air scour systems specifically design for GAC filter absorbers. 
The existing filter building would be rehabilitated structurally to incorporate large access 
bays for ease of access to the media for each of the filter cells to permit access during 
replacement of the GAC media once breakthrough occurs. Chlorine would be added 
following filtration with a sufficiently large clearwell to provide both storage for filtration 
control and hydraulic detention time to provide sufficient contact time for Giardia 
inactivation. This alternative satisfies the following water quality goals: 

• GWUDI Compliance 
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• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to the treatment of the entire flow by GAC filter 
absorbers. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with sufficient GAC change out 
to reduce TOC below 1 ppm. 

Additional “data gaps” include: 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate and removal by GAC filter absorbers. 

• Anticipated filtration rate range for deep bed filters and existing filter absorbers.. 

• Anticipated range of GAC bed life and frequency of change out for various empty bed 
contact times to satisfy 50% of Stage I D/DBP rule. 

5.6.3.3 Sub-Alternative 3C – Ozone/Biofiltration 

A schematic of this alternative is presented in Figure 11 in Appendix C. This alternative 
involves the incorporation of an intermediate ozone contactor (pipeline or traditional) 
between the primary basins and the filters. An in-plant lift station would be provided to 
ensure that sufficient head is available through the contactor prior to filtration. The Ozone 
facilities would be located in two of the existing secondary basins thereby requiring higher 
loading rates (1.25-1.35 gpm/sqft) on the remaining basins to process 60 mgd. Filtration 
facilities will be modified with new under drains, GAC Media, and air scour systems 
specifically designed for biofiltration facilities. This alternative satisfies the following water 
quality goals. 

• Enhanced GWUDI Compliance for Disinfection – Ozone Disinfection superior 
pathogen inactivation barrier to Giardia. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to the treatment of the entire flow by Ozone/Biofiltration 
process. 

Additional “data gaps” include: 

• Anticipated ozone demand and decay. 

• Anticipated bromated formation rate and impact on finished water quality for various 
potential raw water temperatures (future collector well). 

• Performance of oxidation with ozone and biofiltration for CEC destruction and 
biodegradation. 
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• Performance of ozone/biofiltration on TOC and DBP precursor reduction at potential 
variation of temperature (future collector well). 

• Performance of solids contact clarification units at surface loading rates higher than 
1.0 gpm/sqft. 

5.6.3.4 Sub alternative 3D – Enhanced Softening 

A schematic of this alternative is presented in Figure 12 in Appendix C. This alternative 
involves the addition of lime and soda ash (if necessary) to achieve 10-30 mg/L of 
Magnesium to enhance the ability of the softening process to remove DBP precursors . This 
will require recarbonation facilities to stabilize the water prior to filtration and the addition of 
a orthophosphate as a corrosion inhibitor due to low alkalinities (less than 50 mg/L) and 
hardness (60 mg/L as CaCO3) resulting from treating 100% of the flow through the process. 
This alternative satisfies the following water quality goals. 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• More effective TOC reduction due to the removal of magnesium during the softening 
process. 

Additional “data gaps” include: 

• Anticipated ozone demand and decay. 

• Performance of enhanced softening for CEC co-precipitation or hydrolysis reactions 
during the softening process. 

• Performance of enhanced softening on TOC and DBP precursor reduction at 
potential variation of temperature (future collector well). 

• Impacts of low alkalinity and hardness waters on distribution system corrosion issues.  

5.6.3.5 Sub-Alternative 3E – Local Treatment of DBP’s 

 A schematic of this alternative is presented in Figure 13 in Appendix C. This alternative 
involves the installation of GAC post filtration contactors or air stripping towers at the Ash 
street pump station to remove disinfection by-products prior to the entrance to the ash 
street reservoirs. Chlorine would be added at the Chlorine would be added in the Ash street 
reservoirs and these reservoirs baffled to obtain disinfection credits (if chlorine residual is 
lost through the process) prior to the entrance in to the distribution system.  

This alternative satisfies the following water quality goals. 

• GWUDI Compliance 
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• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage II D/DBP rule TTHM, HAA values likely with sufficiently sized facilities. 

Additional “data gaps” include: 

• Size of facilities required to achieve 50% of Stage II D/DBP rule TTHM and HAA 
values. 

5.6.4 Alternative 4 – Split Treatment with Free Chlorine 

5.6.4.1 Sub-Alternative 4A – MIEX Pretreatment 

A schematic of this alternative is presented in Figure 14 in Appendix C. This alternative 
involves the incorporation of a patented TOC exchange resin (MIEX in a high-rate, fluidized 
bed process following aeration to remove DBP precursors. The process would involve 
conversion of one of the primary basins to a dual train reactor with flow splitting to the 
softening basins. For the conventional treatment train, chlorine dioxide would be added 
prior to coagulation for preoxidation of TOC to reduce disinfection by products, remove 
manganese, and enhance the flocculation process. In addition, excess ferric sulfate will be 
added to enhance coagulation to maximize removal of TOC through the conventional 
treatment process.  

Chlorine would be added following primary sedimentation in the recarbonation/mixing 
chamber with sufficient contact time between the filters and the clearwell to provide Giardia 
Disinfection. This alternative satisfies the following water quality goals: 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to the pretreatment of most of the flow by MIEX resin 
and enhanced coagulation of the remaining flow (15-20%). 

Additional “data gaps” include: 

• Split treatment savings on residuals production and chemical use (if any). 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate and removal by MIEX resin. 

• Anticipated filtration rate range for deep bed filters and existing filters. 

• Likelihood of achieving 50% of Stage I D/DBP rule TTHM, HAA values with MIEX 
pretreatment, enhanced softening, enhanced coagulation and chlorine dioxide 
preoxidation. 
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• Chemical savings from the use of MIEX pretreatment. 

• Life Cycle cost analysis for split treatment versus 100% MIEX pretreatment. 

5.6.4.2 Sub Alternative 4B – GAC Filter Absorbers 

A schematic of this alternative is presented in Figure 15 in Appendix C. This alternative 
incorporates the use of GAC filter absorbers to remove DBP precursors prior to 
chlorination. Prior to filtration, chlorine dioxide would be added to the conventional 
treatment train for preoxidation of manganese. Filtration facilities will be modified with new 
under drains, GAC Media, and air scour systems specifically designed for GAC filter 
absorbers. In order to provide the 10 minutes of empty bed contact time necessary for the 
design, the existing filters would be de-rated requiring immediate construction of new, deep 
bed filters with GAC Media (36-48 inches), under drains, and air scour systems specifically 
design for GAC filter absorbers. The existing filter building would be rehabilitated 
structurally to incorporate large access bays for ease of access to the media for each of the 
filter cells to permit access during replacement of the GAC media once breakthrough 
occurs. Chlorine would be added following filtration with a sufficiently large clearwell to 
provide both storage for filtration control and hydraulic detention time to provide sufficient 
contact time for Giardia inactivation. This alternative satisfies the following water quality 
goals: 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9 and preoxidation of manganese and iron with chlorine dioxide 
in the bypass trains. 

• Superior TOC reduction due to the treatment of the entire flow by GAC filter 
absorbers. 

• 50% of Stage I D/DBP rule TTHM, HAA values likely with sufficient GAC change out 
to reduce TOC below 1 ppm. 

Additional “data gaps” include: 

• Split treatment savings on residuals production and chemical use (if any). 

• Performance of process for oxidation with free chlorine and/or co precipitation of CEC 
with calcium carbonate and removal by GAC filter absorbers. 

• Anticipated filtration rate range for deep bed filters and existing filter absorbers.. 

• Anticipated range of GAC bed life and frequency of change out for various empty bed 
contact times to satisfy 50% of Stage I D/DBP rule. 

• Contribution of preoxidation by chlorine dioxide to DBP precursor reduction. 
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5.6.4.3 Sub-Alternative 4C – Ozone/Biofiltration 

A schematic of this alternative is presented in Figure 17 in Appendix C. This alternative 
involves the incorporation of an intermediate ozone contactor (pipeline or traditional) 
between the primary basins and the filters. Prior to ozonation, chlorine dioxide would be 
added to the conventional treatment train for preoxidation of manganese. An in-plant lift 
station would be provided to ensure that sufficient head is available through the contactor 
prior to filtration. The Ozone facilities would be located in two of the existing secondary 
basins thereby requiring higher loading rates (1.25-1.35 gpm/sqft) on the remaining basins 
to process 60 mgd. Filtration facilities will be modified with new under drains, GAC Media, 
and air scour systems specifically designed for biofiltration facilities. This alternative 
satisfies the following water quality goals. 

• Enhanced GWUDI Compliance for Disinfection – Ozone Disinfection superior 
pathogen inactivation barrier to Giardia. 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• Superior TOC reduction due to the treatment of the entire flow by Ozone/Biofiltration 
process. 

Additional “data gaps” include: 

• Split treatment savings on residuals production and chemical use (if any). 

• Anticipated ozone demand and decay. 

• Anticipated bromated formation rate and impact on finished water quality for various 
potential raw water temperatures (future collector well). 

• Performance of oxidation with ozone and biofiltration for CEC destruction and 
biodegradation. 

• Performance of ozone/biofiltration on TOC and DBP precursor reduction at potential 
variation of temperature (future collector well). 

• Performance of solids contact clarification units at surface loading rates higher than 
1.0 gpm/sqft. 

5.6.4.4 Sub-Alternative 4D – Local Treatment of DBP’s 

A schematic of this alternative is presented in Figure 18 in Appendix C. This alternative 
involves the installation of GAC post filtration contactors or air stripping towers at the Ash 
street pump station to remove disinfection by-products prior to the entrance to the ash 
street reservoirs. Chlorine would be added at the Chlorine would be added in the Ash street 
reservoirs and these reservoirs baffled to obtain disinfection credits (if chlorine residual is 
lost through the process) prior to the entrance in to the distribution system.  
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This alternative satisfies the following water quality goals. 

• GWUDI Compliance 

• Enhanced Secondary Standard Compliance for Fe and Mn due to aeration followed 
by softening at pH> 9. 

• 50% of Stage II D/DBP rule TTHM, HAA values likely with sufficiently sized facilities. 

Additional “data gaps” include: 

• Size of facilities required to achieve 50% of Stage II D/DBP rule TTHM and HAA 
values. 

5.7 DATA GAP ANALYSIS 
Table 5.7 presents a summary of the data gaps identified for each of the thirteen 
preliminary alternatives presented above. Due to the limited cost, extensive bench scale 
testing or pilot testing was not possible. As a result, the data gap analysis focused on 
resolving those data gaps attained through simple bench scale tests while reserving the 
more difficult data gaps (such as those that require pilot or full scale testing) for resolution 
via a desktop analysis supplemented by “best engineering judgment”.  

 

Table 5.7 Data Gap Analysis for Preliminary Alternatives Evaluation Purposes 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified Resolution Method Comments 

All 
Alternatives 

• CEC 
Reduction 
through 
process 

Desktop Analysis Resolution will require 
extensive bench scale and/or 
pilot scale testing  

Gravity Filter 
Alternatives 

• Modify 
Existing 
Filtration rate 
to 6 gpm/sqft  

Desktop Analysis  Full resolution will require 
extensive full scale testing of 
existing filters.  

Gravity Filter 
Alternatives 

• Deep Bed 
Filtration to 8-
10 gpm/sqft 

Desktop Analysis  Full resolution will require pilot 
testing of deep bed filter 
designs.  

Membrane 
Filtration 

• Temperature 
Corrected 
Flux/Cleaning 
Frequency 

Desktop Analysis 
 

Full resolution will require pilot 
testing of specific Micro and 
Ultra filtration membranes from 
manufacturers per DNR 
standards.  
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Table 5.7 Data Gap Analysis for Preliminary Alternatives Evaluation Purposes 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified Resolution Method Comments 

Alternative 1C 
and 2C 

• UV disinfection 
UV 254 

Bench Scale Tests Historical Data and bench 
scale tests of blends of 
enhanced softening with 
conventional treatment will be 
tested for transmissivity.  

Alternative 
1D, 2D, 3C, 
4C 

• Ozone 
Demand & 
Decay 

Bench Scale Tests To be confirmed for 20C. 
Equations will be utilized to 
scale up parameters to 
determine impacts of 
temperature. 

Alternative 
1D, 2D, 3C, 
4C 

• Ozone 
Bromate 
Formation 

Bench Scale Tests To be confirmed for 20C, 
equations will be utilized to 
scale up parameters to 
determine impacts of 
temperature. 

Alternative 
1D, 2D, 3C, 
4C 

• Ozone/Biofiltra
tion 
Effectiveness 
in DBP control 

Desktop Analysis Full resolution will require pilot 
study of biofiltration on settled 
water from current process 
(1D, 3C) or split treatment train 
(2D, 4C) 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
TOC 
removal/DBP 
formation 

Bench Scale Tests To be tested separately for 
enhanced coagulation and 
enhanced softening with 
predicted TOC from blend of 
75-25%. 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
Residuals 
Production/Ch
emical Usage 

Desktop Analysis Mass balance calculations will 
be utilized to determine if 
savings exists.  

Alternative 
1D, 2D, 2C, 
4C 

• Impact of 
higher surface 
loading rates 
on SCC 
performance 

Desktop Analysis Historical information from 
other communities will be 
examined. However, full 
resolution will require full scale 
testing from Train 4 units or 
new (more robustly designed) 
SCC unit. 

Alternative 
3A, 4A 

• MIEX 
Pretreatment 
Impact on 
DBPS 

Bench Scale Tests Orica Watercare manufacturer 
of MIEX conducted bench 
scale tests with SDS tests to 
determine approximate Bed 
Volumes for design. 
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Table 5.7 Data Gap Analysis for Preliminary Alternatives Evaluation Purposes 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified Resolution Method Comments 

Alternative 
3A, 4A 

• MIEX 
Pretreatment 
impact on 
chemical feed 
and Residuals 
Production 

Bench Scale Tests Orica Watercare manufacturer 
of MIEX conducted bench 
scale tests with SDS tests to 
determine approximate 
chemical savings with MIEX 
process. 

Alternative 
3B, 4B 

• GAC Bed 
design life vs. 
EBCT 

Desktop Studies “best engineering judgment” 
will be utilized to determine 
design life and EBCT of 
carbon. Full resolution will 
require extensive pilot studies 
with settled water or 
manufactured water in the 
case of the split treatment 
alternative. 

Alternative 3D • Enhanced 
Softening 
Impacts on 
DBP’s 

Bench Scale Tests Bench scale tests will be 
conducted to determine 
reduction in disinfection by 
products in distribution system 
(SDS testing). 

Alternative 
3E,4D 

• Localized 
Treatment 
Impacts on 
TTHM’s in 
Distribution 
System 

Desktop Studies “best engineering judgment” 
will be utilized to determine 
design parameters for air 
stripping or adsorption of 
DBP’s from water at 
anticipated temperatures. Full 
resolution will require more 
extensive bench scale tests.  

Alternative 
4A, 4B 

• Impacts of 
Chlorine 
Dioxide 
Preoxidation 
on 
conventional 
Treatment 
removal of 
DBPS 

Bench Scale Tests Bench scale tests will be 
conducted to determine 
impacts of Chlorine dioxide 
preoxidation on TTHM 
formation in distributions 
system.  
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5.7.1 Bench Scale Testing Results 

5.7.1.1 Carole Bench Scale Testing 

Appendix D presents the protocol utilized by Carollo in the bench scale testing conducted at 
the Columbia Water Treatment Plant. Appendix E graphically presents the results of the 
bench scale tests. Table 5.8 presents a summary of the bench scale tests: 

 

Table 5.8 Summary of Carollo Bench Scale Tests 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives Data Gap 
Identified 

Resolution 
Method 

Results 

Alternative 1C 
and 2C 

• UV disinfection 
UV 254 

Bench Scale Tests Transmissivity Raw Range:  
77-92% 
Transmissivity Finished Range- 
80-94% 

Alternative 
1D, 2D, 3C, 
4C 

• Ozone Demand 
& Decay 

Bench Scale Tests Ozone Demand Settled Water - 
Ozone Decay Settled Water -  

Alternative 
1D, 2D, 3C, 
4C 

• Ozone Bromate 
Formation 

Bench Scale Tests Bromate formation < 10 µg/L for 
settled water at ph 9. 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
TOC 
removal/DBP 
formation 

Bench Scale Tests Minimal Impact: 
Current Treatment 7day SDS –  
  TTHM 93 µg/L 
Split Treatment 7 day SDS –  
  TTHM 92 µg/L 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
TOC 
removal/DBP 
formation 

Bench Scale Tests Minimal Impact: 
Raw Water: 
  TOC – 2.5 mg/L 
Current Treatment TOC –  
  TTHM 2.3 mg/LL 
Split Treatment TOC –  
  TTHM 2.1mg/L 

Alternative 3D • Enhanced 
Softening 
Impacts on 
DBP’s 

Bench Scale Tests Slight Impact: 
Current Treatment 7 day SDS- 
  TTHM 93 µg/L 
Enhanced Softening 7 day SDS 
– 
  TTHM 80 µg/L 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
TOC 
removal/DBP 
formation 

Bench Scale Tests Minimal Impact: 
Raw Water: 
  TOC – 2.5 mg/L 
Current Treatment TOC –  
  TTHM 2.3 mg/LL 
Split Treatment TOC –  
  TTHM 1.9 mg/L 
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Table 5.8 Summary of Carollo Bench Scale Tests 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives Data Gap 
Identified 

Resolution 
Method 

Results 

Alternative 
4A, 4B 

• Impacts of 
Chlorine 
Dioxide 
Preoxidation on 
conventional 
Treatment 
removal of 
DBPS 

Bench Scale Tests Minimal Impact: 
Current Treatment 7 day SDS –   
  TTHM 150 µg/L 
Chlorine Dioxide 1.0 mg/L  
 TTHM 130 µg/L 
Chlorine Dioxide 1.5 mg/L 
 TTHM 120 µg/L 

 

5.7.1.2 Orica Watercare MIEX Testing Results: 

Appendix F presents the protocol utilized by Orica Watercare in the bench scale testing 
conducted at their facilities in Denver pertaining to pretreatment of raw water with MIEX. 
Appendix G graphically presents the results of the bench scale tests. Table 5.9 presents a 
summary of the bench scale tests: 
 
Table 5.9 Summary of MIEX Bench Scale Results 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified 

Resolution 
Method Results 

Alternative 
3A, 4A 

• MIEX 
Pretreatment 
Impact on 
DBP’s 

Bench Scale 
Tests 

Current Treatment 3 day SDS – 
  TTHM 81.8 µg/L 
MIEX full pretreatment 800 BV) 3 day 
SDS -  
  TTHM 55.1 µg/L 

Alternative 
3A, 4A 

• MIEX 
Pretreatment 
Impact on 
DBP’s 

Bench Scale 
Tests 

Raw TOC – 2.12 mg/L 
Finished TOC Current Treatment – 2 
mg/L 
Finished TOC MIEX pretreatment (800 
BV) – 1 mg/L 
 

Alternative 
3A, 4A 

• MIEX 
Pretreatment 
impact on 
chemical 
feed and 
Residuals 
Production 

Bench Scale 
Tests 

20% Chlorine Demand Savings 
Lime Savings estimatedv 
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5.7.2 Desktop Evaluation Results 

Table 5.10 presents a summary of the desktop analysis completed for the McBaine WTP 
expansion. This desktop analysis provides anticipated ranges of performance for the 
treatment processes based upon full scale results from similar installations and relevant 
research performed on the bench and pilot scale.  
 
Table 5.10 Summary of Desktop Analysis McBaine WTP Process 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified Resolution Method Results 

All 
Alternatives 

• CEC 
Reduction 
through 
process 

Desktop Analysis See Discussion Below. 

Gravity Filter 
Alternatives 

• Modify 
Existing 
Filtration rate 
to 6 gpm/sqft  

Desktop Analysis  Olathe, KS softening facilities 
(GWUDI) dual medial filters 
operating at 6 gpm/sqft. 

Gravity Filter 
Alternatives 

• Deep Bed 
Filtration to 8-
10 gpm/sqft 

Desktop Analysis  Austin, TX softening facilities 
(surface Water ) Deep bed 
filters operating at 8 gpm/sqft. 

Membrane 
Filtration 

• Temperature 
Corrected 
Flux/Cleaning 
Frequency 

Desktop Analysis 
 

Olathe, KS (GWUDI), Johnson 
County, KS (GWUDI) 
Membrane filtration following 
softening operating at design 
temperature correct flux rates: 
45-55 gfd at 20 C. 

Alternative 
1D, 2D, 3C, 
4C 

• Ozone/Biofiltra
tion 
Effectiveness 
in DBP control 

Desktop Analysis See Discussion Below 

All Split 
Treatment 
Alternatives 

• Impact of Split 
Treatment on 
Residuals 
Production/Ch
emical Usage 

Desktop Analysis See Discussion Below 

Alternative 
1D, 2D, 2C, 
4C 

• Impact of 
higher surface 
loading rates 
on SCC 
performance 

Desktop Analysis See Discussion Below 
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Table 5.10 Summary of Desktop Analysis McBaine WTP Process 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternatives 
Data Gap 
Identified Resolution Method Results 

Alternative 
3B, 4B 

• GAC Bed 
design life vs. 
EBCT 

Desktop Studies “best engineering judgment” 
will be utilized to determine 
design life and EBCT of 
carbon. Full resolution will 
require extensive pilot studies 
with settled water or 
manufactured water in the 
case of the split treatment 
alternative. 

Alternative 
3E,4D 

• Localized 
Treatment 
Impacts on 
TTHM’s in 
Distribution 
System 

Desktop Studies Design Parameters for 
Brominated TTHM s dominate. 
Based upon sourcevi: 
- Recommended A/W ratio: 

75 produces 85-90 
removal of TTHM’s.  

- Based upon research 
conducted by UM 
Columbia, anticipated 
reduction at Stage II DBP 
sites will achieve goals of 
50% of MCL. 

- GAC removal 80% for 
EBCT of 10 minutes at 
8,000 -10,000 bed 
volumes.  

- Cost information from 
source utilized to generate 
relative costs. 

 

5.7.2.1 Contaminants of Emerging Concern – Desktop Analysis: 

Endocrine disrupting chemical (EDC’s), pharmaceuticals and personal care products 
(PCCP’s) are some of the compounds detected at trace concentration in the McBaine 
bottoms aquifer by the USGS (See Chapter 2). These are included in a category described 
as Contaminants of Emerging Concern (CEC’s). Although these have been detected in 
surface water for nearly five decades, concern was minimal because concentration were 
minute and environmental protection efforts were focused mainly on legacy contaminants. 
Recently, analytical technology has advance such that many previously undetectable 
environmental contaminants are not identifiable and quantifiable at trace levels. As a result, 
the level of awareness of the general public has arisen due to the frequency of occurrence 
of these compounds in surface and ground waters across the globe. 
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As a result, a recent study led by Dr. Shane Snyder to determine the effectiveness of 
various common water treatment technologies on the reduction or removal of many 
CEC’svii. Figure 5.11 presents a summary of this research and other internal research 
projects conducted by Carollo Engineers on reclaimed water facilities designed for direct or 
indirect reuse. The discussion below provides more elaboration regarding the ranking of 
each of the alternatives with respect to CEC reduction: 

Alternatives 1D,2C, 3C, 4C – Ozone Biofiltration 

The conclusion of the Snyder study indicated that ozonation is the most effective technique 
for the destruction of various CEC’s in drinking water treatment. This conclusion was based 
upon numerous bench scale, pilot scale and full scale treatment technologies in which CEC 
destruction was virtually complete 80-100% and consistent particularly if hydrogen peroxide 
was added to drive the reaction toward generation of hydroxyl radicals.  

During the testing, most of the target compounds investigated reacted quickly with ozone at 
typical drinking water dosages and were removed within the first two minutes of contact 
time. The report indicated that although oxidation was incomplete (did not proceed to 
complete mineralization) and partially oxidized products remained; these products can be 
removed through biofiltration.  

Alternatives 3B, 4B, 3E, 4D 

The conclusion of the Snyder study indicated that GAC adsorption can be a very effective 
technique for the adsorption of various CEC’s in drinking water treatment. This conclusion 
was based upon numerous bench scale, pilot scale and full scale treatment technologies in 
which CEC adsorption was 70-90 % at bed volumes between 20,000 and 50,000, which is 
6-8 months of bed life at an empty bed contact time of 10 minutes.  

In full scale GAC applications evaluation, regular regeneration provided efficient and 
effective removal of trace organics occurring in source waters particularly where biological 
activity was present. In bench scale rapid, small scale column tests removal was dependent 
upon GAC type with steam treated GAC having a significantly greater absorption capacity 
particularly with hydrophobic contaminants depending on the pH levels (i.e. Protonation 
state).  

Alternatives 1C, 2C 

The conclusion of the Snyder study indicated that UV technology at practical dosages used 
for disinfection only removed a small number of CEC’s at high percentages (> 80%). The 
degradation was largely dependent on the chemical structure of the compound and its 
absorptive properties for UV light of various wavelengths. However, the addition of 
hydrogen peroxide (5-10 mg/L) dosage with an increased UV dosage (ten to twenty times 
the disinfection dose) has the ability to produce hydroxyl radical to oxidize most CEC’s not 
amenable to UV photolysis to a removal of greater than 80%.   



Figure 5.11 Relative Comparison of Treatment 
Technologies for CEC Reduction 

Chapter 5 Treatment Alternatives Evaluation 
McBaine Water Treatment Plant Preliminary Design Report 
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Alternatives 3A, 4A 

The conclusion of the Snyder study indicated that MIEX was found to be ineffective for the 
removal of most CEC’s. Most target compounds were removed by less than 50% with most 
less than 20% and, as a result, did not appear to be a viable process except for the 
contaminants that are negatively charged at ambient pH. 

However, because the use of MIEX permits the use of free chlorine in the distribution 
system which permits a much longer contact time with free chlorine than the chloramine 
alternatives. The Snyder study indicated that free chlorine was found to oxidize 
approximately have of the EDC’s and PPCP’s investigated particularly hormones with a 
phenol functional group. Conversely, the study found that chloramines were virtually 
ineffective at oxidizing most CEC’s studied.  

Alternative 3D: 

Based upon the discussion above, if the process permits the use of free chlorine 
disinfection, this provides better removal of CEC’s than the chloramines alternatives. 

5.7.2.2 Disinfection By Products and the Use of Free Chlorine 

Figure 5.12 presents a summary of the desktop and bench top analysis of the potential 
formation of disinfection by-products in the distribution system with the use of free chlorine. 
Figure 5. 12 indicates the likelihood of the use of free chlorine within the distribution system 
while still meeting the finished water quality goals of 50% of the MCL is greatest with GAC 
adsorption and Ozone Biofiltration. The discussion below provides more elaboration 
regarding the ranking of each of the alternatives with respect to DBP Formation reduction: 

Alternatives 1D,2C, 3C, 4C – Ozone Biofiltration 

The ability of Ozone-biofiltration to reduce disinfection by-products and increase the 
biological stability of the distribution system is well known. A comprehensive study 
conducted by Price,et al.viii, determined that Ozone –Biofiltration was effective for the 
control of disinfection by products through the following mechanisms: 

• Reduction of total organic carbon through ozonization and subsequent 
biodegradation of the oxidized humic and fulvic matter. 

• Reduction of chlorine demand in the distribution system through increased biological 
stability within the distribution system. 

  



Figure 5.12 Comparison of Treatment Technologies for 
DBP Precursor Reduction 
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Alternatives 3B, 4B, 3E, 4D 

The use of GAC filter absorbers for DBP precursor removal is a proven technique utilized in 
drinking water plants to achieve compliance with the Stage II D/DBP rule while maintaining 
the use of free chlorine in the distribution system. Studies (Summers et. al., [1994]) indicate 
that TOC and SUVA breakthrough usually occurs prior to breakthrough of TTHM 
precursors. As a result, many utilities utilize TOC and UV absorbance as benchmarks to 
track performance of TTHM precursor removal. Furthermore, stabilization of the softening 
effluent will reduce the pH of the water increasing the protonation state of the natural 
organic matter making it more amenable to adsorption. The fractional distribution of the 
TOC can also affect performance as; typically, the low molecular weight fractions of NOM 
are more absorbable than the high molecular weight fractions. 

Typically, GAC replacement in filter absorbers are staggered to produce a target TOC 
value. Filter loading rates are varied to “older” and “newer” carbon beds to produce a 
targeted value of TOC in order to maximize the life of the carbon. Based upon the jar 
testing results conducted by Carollo and Orica watercare, a good target value for TOC to 
achieve close to 50% of the MCL within the distributions system would be between 
0.75 and 1.0 mg/L which would, assuming the existing softening process reduces between 
20 and 25% of the raw water TOC (see chapter 3), necessitate a TOC removal greater than 
50% through the GAC filters. Predicting the amount of bed volumes that an activated 
carbon bed can process prior to TOC breakthrough and, thus, predicting a replacement 
schedule for TOC based upon the target goal is very specific to the filtration conditions, type 
for carbon, temperature, and many other factors. As a result, pilot scale studies must be 
conducted to accurately assess the replacement schedule for a particular carbon. For the 
purposes of this study, a conservative change-out frequency of 6 months has been 
assumed.  

Alternatives 3A, 4A 

The Orica watercare bench scale testing and subsequent simulated distribution system 
testing indicated that TOC concentrations were reduced from 2.2 to approximately 1 mg/L 
with pretreatment at an exchange rate of 800 bed volumes followed by the existing 
softening regime. SDS testing of the resulting filtered effluent at 20C, pH 8, and detention 
time of 3 days produced a TTHM value of 55 µg/L compared to 81.8 µg/L for the control. 
This indicates that MIEX pretreatment is a viable process for the control of TTHM’s in the 
distribution system and that 50% of the MCL may be possible with the lowering of chlorine 
residual in the distribution system. 
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Alternative 3D: 

The conclusions of the jar testing indicated that enhanced softening does provide some 
additional removal of DBP precursors but not to the extent to satisfy the goals of 50% of the 
MCL. In fact, the data indicate that satisfying the MCL may be as difficult under this 
treatment scenario as the current scenario. 

5.7.2.3 Residuals Production: 

Figure 5.13 presents a summary of the mass balance calculations utilized to generate the 
residuals production values presented in Figure 5.14 for each of the alternatives. For 
conventional partial softening facilities, it is somewhat difficult to control the softening 
process due to frequently changing water quality conditions usually resulting in over 
softening or under softening when water quality parameters change. Figure 5.15 is a graph 
of the daily hardness values from Manhattan, KS, which indicates over softening resulting in 
higher chemical usages and residuals production. One of the advantages of split treatment 
scenarios in residuals production is that over softening and the resulting high 

residuals production is minimized due to the control of the softening process based upon 
the flow split control rather than the chemical reaction, which can vary significantly based 
upon water quality and temperature. For example, Olathe, KS experienced a significant 
reduction in chemical usage and residuals production from the implementation of spilt 
treatment due to greater process control. 

Carollo has examined the daily records, communicated with operations staff regarding 
control of the softening process and has observed the operations staffs procedures and 
policies regarding the dosage of lime in the softening basins. Based upon this review, we 
have concluded that, largely due to the efforts of the operations staff, the lime dosage and 
feed rates are precisely controlled to obtain a consistent effluent hardness value of 
150 mg/L resulting in little process inefficiencies with respect to lime usage and residuals 
production. As a result, as indicated by Figure 5. 14, for target hardness of 150 mg/L as 
CaCO3, the existing partial softening process provides a lower residuals production that 
does split treatment. These residual production values were utilized in assessing the 
preliminary life cycle costs for each of the alternatives as part of the alternatives screening 
process.  

 



Figure 5.13 Sample Mass Balance Residuals Calculation 
– Existing Process 
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 Columbia Water and Light 

Ca+2 Hardness = 244 mg/L as CaCO3 
Alkalinity = 308 mg/L as CaCO3 
Mg+2 Hardness = 90 mg/L as CaCO3 

Lime addition = 161 mg/L as CaCO3 
 

Ca+2 Hardness = 83 mg/L as CaCO3 
Alkalinity = 119 mg/L as CaCO3 
Mg+2 Hardness = 70 mg/L as CaCO3 

pH = 9.0 

Dry weight of CaCO3 (lbs/million gallons) = 20.9 x [97.6 + 64.4 – 33.2] = 2692 lbs/million gallons 
Dry weight of Mg(OH)2 (lbs/million gallons) = 20.0 x [21.9 – 17] =  98 lbs/million gallons 
Dry weight of lime impurities (lbs/million gallons) = 752 lbs/million gallons x (100-95)/100 =  38 lbs/million gallons 
Total = 2828 lbs (dry)/million gallons 



Figure 5.14 Estimated Residuals Production – Preliminary 
Alternatives 
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Figure 5.15 Example of Oversoftening Potential from 
Partial Softening – Manhattan, KS 
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5.8 PRELIMINARY ALTERNATIVE SCREENING: 
5.8.1.1 Preliminary Alternatives Screening Workshop 

A Preliminary Alternatives Screening Workshop (Workshop 2) was held was held with 
Columbia Water and Light (Water and Light) Department staff and stakeholders on June 9, 
2010 from 2:00 p.m. to 5:00 p.m.at the Water and Light ash street facility with specific 
discussion of the following: 

• Conduct a “fatal flaw” and “must have” analysis of treatment technologies to pre-
screen technologies prior to development of particular process alternatives for the 
McBaine WTP expansion.  

• Review of final alternative evaluation criteria (primary and sub-criteria) and associated 
weighting. 

• Identification of preliminary treatment process alternatives including discussion of 
“base” and “supplemental” processes. 

• Review of scoring of 17 preliminary conceptual treatment process alternatives based 
on established evaluation criteria. 

• Screening of 17 preliminary treatment process alternatives in consideration of 
noneconomic factors using the selected decision analysis software tool. 

• Screening, as applicable, of 17 preliminary treatment process alternatives in 
consideration of economic factors. 

• Establishment of screened alternatives to be used as basis for subsequent tasks  
(6 Alternatives). 

Figure 5.16 presents a summary of the alternative rankings established in the workshops 
with respect to the non-economic criteria and relative life cycle costs. The relative weight of 
each non-economic criterion is represented by a particular color band within the total band 
for each alternative. The higher the value, the stronger that particular alternative satisfies 
the non-economic criteria. Those alternatives that best satisfy the relatively ranked non-
economic criteria are represented with the highest overall bands.  

The graph above the bands represents the relative net present value cost opinions for each 
alternative ranked on a scale of 1-10 with 10 being the highest. The difference represents a 
scale of approximately 23.75 Million dollars per unit. It is important to note that these cost 
opinions were developed using “rules of thumb” estimate based upon previous projects and 
data collected from similar facilities operating under similar conditions. The level of 
accuracy for these cost opinions are sufficient for comparing and eliminating those 
alternatives that may provide some greater benefit of non-economic criteria (i.e. higher 
ranking) but are clearly higher in cost based upon these preliminary cost opinions. These 
cost opinions were developed for comparative purposes only and should not be utilized for 
budgeting purposes.  



Figure 5.16 Results of Preliminary Alternatives Screening 
Workshop 
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Based upon this analysis, the following alternatives were selected for a more detailed 
evaluation based upon both the economic and non-economic criteria: 

• Alternative 1A - Current Softening with Granular Filters 

• Alternative 2A - Split Treatment with Current Softening with Granular Filters 

• Alternative 3B - GAC Filter Absorbers 

• Alternative 4B - Split Treatment with GAC Filter Absorbers 

• Alternative 3C - Ozone Biofiltration 

• Alternative 4C - Split Treatment with Ozone Biofiltration 

5.9 FINAL ALTERNATIVES DEVELOPMENT 
The paragraphs below contain a summary of the alternatives shortlisted in the preliminary 
alternatives screening process. They consist of further development of the alternatives into 
the conceptual design stage from which life cycle costs could be developed and compared. 
Following this, Carollo conducted a final alternatives evaluation and selection workshop  
with the project stakeholders to summarize the findings, re-evaluate the alternatives with 
respect to the non-economic factors, and provide a final selection for the recommended 
alternative for the expansion of the McBaine WTP.  

5.9.1 ALTERNATIVE – 1A PARTIAL SOFTENING WITH 
CHLORAMINES 

5.9.1.1 Description of Operation 

Figure 5.17 presents the proposed process flow diagram for the McBaine WTP expansion. 
Raw water would flow to either the existing or new aerators with the flow split controlled by 
new flow control valves. Operations staff would be given the option to add ferric sulfate 
downstream of aeration to enhance TOC removal prior to softening. Following this, the flow 
would be combined into the existing aerated effluent box where it will be split to the eight 
primary softening basins using valves and flowmeters. The effluent from basins No. 1 
through No. 4 would be combined into an expanded drop box, which would contain 
chemical feed points for chlorine, carbonic acid, and fluoride prior to filtration. Similarly the 
effluent from basins No. 5 through No. 8 would be combined in the existing drop box, which 
would contain chemical feed points for chlorine, carbonic acid, and fluoride prior to filtration. 
New piping from these effluent drop boxes would be provided to enable transfer of settled 
water to four new rapid rate deep bed filters prior to a new clearwell and high service pump 
station.  

In summary, the recommended improvements include the following: 

• Expansion of Aeration from 32 mgd to 60 mgd. 
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• Demolition of the existing Parshall flumes and installation of new magnetic flow 
meters and control valves to control the flow split to each basin. 

• Installation of Ferric Sulfate storage and feed system to increase TOC removal 
through the process (if necessary). 

• Conversion to Single Stage Softening Part I - Replacement of Primary Treatment 
Units No. 1 through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms. 

• Conversion to Single Stage Softening Part II: Replacement of Secondary Treatment 
Units No. 1 through No. 4 with new solids contact clarifiers with stainless steel internal 
mechanisms. 

• Modification of the existing effluent drop boxes to incorporate a liquid carbonic acid 
system for recarbonation of the effluent from the primary clarifiers. 

• Modification of the existing filter media and underdrains in Filters No. 1-4. 

• Removal of the existing pumps from the filters and conversion from declining rate to 
constant rate filtration for Filters No. 1 through No. 8.  

• Addition of two backwash pumps with VFD’s to provide backwash water to the filters 
sufficient for a sustained backwash at 17 gpm/sqft with surface wash. 

• Installation of new rapid rate, deep bed, and multimedia filters with concurrent 
air/water backwash capabilities.  

• Installation of a below grade or above grade clearwell (with intermediate pump 
station) with sufficient contact time to permit 0.5 –log virus removal with free chlorine 
prior to chloramination. 

• Chemical Feed Systems: 
– Expanded Lime Feed System with Grit Classification Device and New Loops. 
– New Carbon Dioxide Storage and Feed System. 
– Expanded chlorine storage and feed systems. 
– New Ferric Sulfate Storage and Feed Systems. 
– Expanded fluoride storage and feed system. 

• Residuals Handling and Disposal (see Chapter 6) 

5.9.1.2 Process Design Criteria 

Table 5.11 presents the major design criteria for each unit process and the estimated 
capacity rating of the unit given the criteria. Those criterion that deviate from the MoDNR or 
ten state standards are highlighted to indicate where additional full scale or pilot scale 
testing will be required to confirm these design criteria. 
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Table 5.11 Alternative 1A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Aeration 

Aerator type  Induced Draft  

No. of aerators ea 3  

Aerator footprint ft-in 
12’-0”” x 24’-
0” x 12’-0” 

high 
 

Capacity gpm 6481  

Number of blowers ea 4  

Blower capacity scfm 7,500 
 

at 3/8” static pressure/blower 

Horsepower of blowers HP 5  

Air-to-water ratio scfm/gpm 3.5 9.5 mgd 

Primary Softening Units 

Type of basin equipment Conventional Solids contact Clarifier 

Number of Units Ea 8  

Design Capacity Each mgd 8 Total capacity 64 mgd 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin Diameter ft-in 80’-0”  

Side water depth ft 16’-9”  

Detention time beneath 
reaction well cylinder min 20-30  

Diameter of reactor cone ft 40’- 0” At bottom (approximate) 

Volume beneath the 
reactor cone gal 110,000 to 

150,000 8 mgd 
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Table 5.11 Alternative 1A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation drive flow gpm 45,000 to 
55,000 

Critical Parameter for Proper 
Operation 

Recirculation drive hp hp 25  

Drive type  
Axial flow 

impeller pump 
or turbine 

 

Drive tip speed ft/sec 19 

< 14 ft/sec Recommended for 
impeller 

< 10 ft/sec recommended for 
Turbine 

Drive diameter inches Unknown Manufacturer Dependant 

Detention time in the 
settling area min 90-150   

Volume in the settling 
area gal 500,000- 

800,000  

Rise rate in the settling 
area gpm/ft2 1.00 at 8 mgd  

Scraper drive hp hp 5  

Scraper tip speed ft/min 7-21 7, 11, 16 or 21 ft/min 

Cutout torque ft-lbs 80,000  

Design torque ft-lbs 60,000  

Weir length ft 829 
Designed with dual orifices 

(one for low flow and one row 
for high flow) 

Weir Loading Rate gpm/ft 6.7 at 8 mgd 

Size of sludge line in 8  
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Table 5.11 Alternative 1A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Existing Filters - Rehabilitation 

Type   Constant Rate, Constant Level 

Number of filter bays ea 8  

Cells per bay ea 2  

Area of Filter sq ft 676 (26’x13’x 
2 cells)  

Total filter area sq ft 5,408  

Filtration Rate gpm/sq ft 4.7 

32 mgd with Largest out of 
service – Exceeds MoDNR 

Standards – Pilot or Full Scale 
Testing Required 

Media Design l/D ratio Unit less 1,200 – 1,500 

Media Type   
Dual Media: Anthracite/Sand 

conforming to DNR 
specifications 

Backwash Design   

Surface Wash – 1.5 gpm/sqft 
@ 100 psig for 2-5 minutes 
Concurrent Surface Wash/BW 
– 
6- 8gpm/sqft for 2-5 minutes 
Water only backwash – 
15-20 gpm/sqft for 6-8 minutes 
sustained with  

Backwash Supply gpm @TDH 13,500 gpm 
 @ 20 ft TDH 

Existing 150,000 gallon 
backwash tank 

Backwash pumps (2) with VFD:  

New Filters – Deep Bed 

Type   Constant Rate, Constant Level 

Number of Filter Bays ea 4  

Cells per Bay ea 1  
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Table 5.11 Alternative 1A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Area of Filters sqft 615 Filter Length – 35 ft 
Filter width – 18 ft 

Total Filter Area sqft 2450  

Filtration Rate gpm/sqft 8 
7 mgd/ filter  

Exceeds DNR standards – Pilot 
or Full Scale Testing Required 

Total Filtration Capacity mgd 28  

Media Design  Anthracite 
Layer 

Depth: 36 inches-48 inches 
L/D:1300 to 1600 

  Sand Layer Depth: 12 inches 
L/d: 1300-1500 

  Gravel Layer 
Depth: 12 inches (above 

Nozzles) 
Gradation: Reverse  

Underdrains   

Orthos Nozzle type with 
monofloor and 3ft plenum 
designed for concurrent 

air/water 

Backwash  Concurrent 
Air/water 

Air only: 3 to 5 scfm/sqft 
Concurrent: Air 2 to 2.5 

scfm/sqft 
Water_6-8 gpm/sqft 

Water only: 15-20 gpm/sqft 
 

Air Blowers scfm @ 
TDH 

2,000-3,000 
@ 5 psig 2 @ 20 HP 

Finished Water Storage    

Type 

Prestressed Concrete Storage Tank – Partially Buried 
Variance Required to construct within a flood plain. Other 
options include intermediate pumping with above ground 

clearwell 

Diameter ft 150 ft  
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Table 5.11 Alternative 1A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Disinfection Volume gallons 
Ft of depth 

350,000 
3 ft 

Minimum volume required for 
0.5 log Giardia @ 5C for 30 

mgd 

Storage Volume  
Gallons 

Ft of depth 
700,000 

6 ft 
Volume for filter and pump 

control 

Baffle Factor T10/T 0.6 

Well baffled with Reinforced 
CMU baffles and influent 
control weir for filter level 

control 

Residuals Handling and 
Disposal    See Chapter 6 

 
 
Table 5.12 Anticipated Chemical Feed Rates - Alternative 1 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Chemical 

Maximum 
Feed Rate 

(mg/L) 

Average 
Feed Rate 

(mg/L) 

Minimum 
Feed Rate 

(mg/L) 

Chlorine 7.5 4.8 1.25 

Lime (as Neat Product) 220 170 100 

Carbon Dioxide (as neat product) 22 12 10 

Ferric Sulfate (mg/L as Dry Alum) 30 15 0 

Ammonium Sulfate (as Neat Product) 5.9 3.3 2.7 

Fluoride (as neat product ) 7.1 4.4 0 
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5.9.1.3 Chemical Feed Protocol 

The chemical protocol will be similar to the existing chemical feed protocol with the 
exception that a liquid ferric sulfate feed system would be provided to facilitate TOC 
removal at certain periods where iron concentrations may be low and the desired 15% 
removal cannot be achieved in the softening process with co-precipitation with iron and 
calcium carbonate. All chemical feed facilities with the exception of ammonia (with some 
minor modifications), and fluoride would need to be expanded both with respect to storage 
and feed capacities. Figure 5.18 shows the chemical protocol for Alternative 1. The 
following table is the assumed chemical feed rates associated with each chemical feed 
system. 

5.9.1.4 Land Requirements 

Figure 5.19 presents the conceptual layouts of the new facilities at the McBaine WTP. In 
order to locate the facilities on the site in a location convenient to the process flow and 
hydraulics, the levee/flood wall protection system would need to be expanded to 
encompass the new facilities. New aeration facilities would be located on the west side of 
the side adjacent to the raw water lines and tie into the existing aeration effluent flume from 
which the flow will be split to the existing basins converted to single stage softening basins. 
New filtration facilities would be located at the south end of the site across the access road 
from the existing filters.  

The new clearwell would be located at the extreme west end or north end of the site (see 
Chapter 6 for the residuals handling options and recommendation s for the lagoons) either 
outside the floodwall (with the top of the clearwell above the floodwall) or inside the 
floodwall at or above grade whichever is more cost effective. The lagoon access road will 
be rerouted to the east of the site to permit construction of the clearwell at the west end of 
the site. The new high service pump station with below grade wet well would be located 
adjacent to the existing clearwell but within the floodwall.  

5.9.1.5 Operational Impacts 

Once constructed, the changes in operation of the plant would require more frequent 
measurement and monitoring of the concentration of solids in the center cone of each of the 
clarifiers to optimize the performance of the clarifiers and avoid overloading the filtration 
process. Furthermore, the change from declining rate filters to constant rate filters will 
require changing the manner in which the flow through the plant will be controlled. Instead 
of controlling the flow through the plant by varying the water levels within the basins , the 
plant will be controlled by varying the levels within the clearwell and trimming with the flow 
into the plant. The flow split to the basins will be controlled to ensure a more consistent 
basin flowrate while the clearwell level control will ensure a more consistent filter flowrate 
resulting in smoother operations.  
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It is likely that minimal additional staff would be required to operate this alternative as the 
increased solids monitoring could be performed with the routine water quality monitoring 
currently being performed by the plant staff. Furthermore, the unit processes and chemical 
feed systems are the same as those in the existing facility. 

5.9.1.6 Anticipated Water Quality 

Table 5.13 provides the anticipated finished water quality for Alternative 1A, and includes 
an assessment of the treatment process with respect to finished water goals. Table 5.13 
indicates compliance with each of the finished water quality goals with the exception of the 
removal of contaminants of emerging concern. 

 

Table 5.13 Alternative 1A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% of 
individual Filter 
Readings 
< 1.0 NTU in 100% of 
individual Filter 
Readings 

Compliant Historical filter 
performance 
inadequate to meet 
goals. 
 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Compliant Due to Filter turbidity 
requirements and 
current Design 
Disinfection inadequate 
for 0.5 log inactivation 
for all flows at coldest 
recorded temperatures 
including potential 
collector well 
temperatures (5 C). 

Virus Inactivation > 2.0 log removal 
through filters 
> 4.0 log inactivation 
through Disinfection 
(GW Rule) 
> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 
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Table 5.13 Alternative 1A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Compliant Due to Filter Effluent 
Turbidity requirements. 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process 
through co-precipitation 
with iron and CaCO3 
removal adequate. 

Disinfection By Products   

TTHM1 < 40% µg/L Compliant1 With current use of 
chloramines 

HAA51 < 30% µg/L Complaint1 With current use of 
chloramines 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Compliant  

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water Stability   

pH 8.5 – 9.0 s.u 8-8.5 With CO2 Feed 

CCPP 4-10 mg/L 5-6 With CO2 feed 

LI Slightly Positive Slightly Positive With CO2 feed 

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Compliant  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 150 
mg/L as CaCO3 
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Table 5.13 Alternative 1A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Contaminants of 
Emerging Concern 

Destruction of Most Noncompliant – 
Only some 
gained through 
free chlorine 

Existing process (free 
chlorine contact) not as 
effective as other 
technologies 

NDMA ND Compliant Sampling of NDMA 
during chloramination 
indicates free chlorine 
contact time oxidizes 
constitutes on reaction 
pathway between 
chloramines and 
NDMA. 

Residuals 
Minimization 

 Compliant With existing lime 
softening process 
residuals will be 
minimized 

Note: 
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

 

5.9.1.7 Alternative Constructability/Ability to Phase 

Based upon the constructability analysis conducted by Carollo, Alternative 1A has a high 
level of constructability requiring minimal plant shutdowns of short duration to attain the 
necessary improvements. Once the floodwall and protective levee have been relocated 
(See Figure 5.18), most of the construction of the new facilities can occur outside of the 
existing treatment process thereby limiting the impact on operations.  

Alternative 1A also contains an inherent ability to phase the improvements particularly if the 
timetable for reclassification of the source water to a GWUDI is long. The improvements 
can be phased to reconfigure the basins and filters as capacity is needed thereby limiting 
the impact on operations.  
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5.9.2 Alternative 2A – Split Treatment with Chloramines 

5.9.2.1 Description of Operation 

Figure 5.20 presents the proposed process flow diagram for the McBaine WTP expansion. 
Raw water would flow to either the existing or new aerators with the flow split controlled by 
new flow control valves. Following this, the flow would be combined into the existing 
aerated effluent box where it will be split to the six primary softening basins and two 
flocculating clarifiers each rated at 8 mgd. The effluent from the softening basins No. 1 
through No. 3 would be combined with effluent from the split treatment basin (No. 4) into an 
expanded drop box with a mixer which would contain chemical feed points for chlorine, 
carbonic acid, and fluoride prior to filtration. Similarly the effluent from basins No. 5 through 
No. 7 would be combined with effluent from the split treatment basin (No. 8) in the existing 
drop box retrofitted with mixer(s) which would contain chemical feed points for chlorine, 
carbonic acid, and fluoride prior to filtration. New piping from these effluent drop boxes 
would be provided to enable transfer of settled water to four new rapid rate deep bed filters 
prior to a new clearwell and high service pump station.  

In summary, the recommended improvements include the following: 

• Expansion of Aeration from 32 mgd to 60 mgd. Inclusion of an aeration bypass to the 
split treatment train. 

• Demolition of the existing Parshall flumes and installation of new magnetic flow 
meters and control valves to control the flow split to each basin. 

• Installation of Ferric Sulfate storage and feed system for enhanced coagulation in the 
conventional treatment train. 

• Conversion to Split Treatment Part I - Replacement of Primary Treatment Units No. 1 
through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms and Primary Unit No. 4 with new flocculating clarifier with stainless steel 
internals. 

• Conversion to Single Stage Softening Part II: Replacement of Secondary Treatment 
Units No. 1 through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms. Replacement of Secondary Unit No. 4 with new flocculating clarifier with 
stainless steel internals. 

• Modification of the existing effluent drop boxes to incorporate mixing units for 
blending of the split treatment train with the softening train and the addition of a liquid 
carbonic acid system for recarbonation of the effluent from the primary clarifiers. 

• Modification of the existing filter media and underdrains in Filters No. 1-4. 

• Removal of the existing pumps from the filters and conversion from declining rate to 
constant rate filtration for Filters No. 1 through No. 8.  
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• Addition of two backwash pumps with VFD’s to provide backwash water to the filters 
sufficient for a sustained backwash at 17 gpm/sqft with surface wash. 

• Installation of new rapid rate, deep bed, multimedia filters with concurrent air/water 
backwash capabilities.  

• Installation of a below grade or above grade clearwell (with intermediate pump 
station) with sufficient contact time to permit 0.5 –log virus removal with free chlorine 
prior to chloramination. 

• Chemical Feed Systems: 
– Expanded Lime Feed System with Grit Classification Device and New Loops. 
– New Soda Ash storage and feed system 
– New Carbon Dioxide Storage and Feed System. 
– Expanded chlorine storage and feed systems. 
– New Ferric Sulfate Storage and Feed Systems. 
– New coagulant aid polymer storage and feed system. 
– Expanded fluoride storage and feed system. 

• Residuals Handling and Disposal (see Chapter 6) 

5.9.2.2 Process Design Criteria 

Table 5.14 presents the major design criteria for each unit process and the estimated 
capacity rating of the unit given the criteria. Those criterion that deviate from the MoDNR or 
ten state standards are highlighted to indicate where additional full scale or pilot scale 
testing will be required to confirm these design criteria. 
  



Figure 5.20 – Alternative 2A Process Flow Diagram 
Chapter 5 – Treatment Alternatives Evaluation 
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Aeration 

Aerator type  Induced Draft  

No. of aerators ea 3  

Aerator footprint ft-in 
12’-0”” x 24’-
0” x 12’-0” 

high 
 

Capacity gpm 6481  

Number of blowers ea 4  

Blower capacity scfm 7,500 
 at 3/8” static pressure/blower 

Horsepower of blowers HP 5  

Air-to-water ratio scfm/gpm 3.5 9.5 mgd 

Primary Softening Units (No. 1 through No. 3 and No. 5 through No. 7) 

Type of basin equipment Conventional Solids contact Clarifier 

Number of Units Ea 8  

Design Capacity Each mgd 8 Total capacity 64 mgd 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin Diameter ft-in 80’-0”  

Side water depth ft 16’-9”  

Detention time beneath 
reaction well cylinder min 20-30  

Diameter of reactor cone ft 40’- 0” At bottom (approximate) 

Volume beneath the 
reactor cone gal 110,000 to 

150,000 8 mgd 
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation drive flow gpm 45,000 to 
55,000 

Critical Parameter for Proper 
Operation 

Recirculation drive hp hp 25  

Drive type  
Axial flow 

impeller pump 
or turbine 

 

Drive tip speed ft/sec 19 

< 14 ft/sec Recommended for 
impeller 

< 10 ft/sec recommended for 
Turbine 

Drive diameter inches Unknown Manufacturer Dependant 

Detention time in the 
settling area min 90-150   

Volume in the settling 
area gal 500,000- 

800,000  

Rise rate in the settling 
area gpm/ft2 1.00 at 8 mgd  

Scraper drive hp hp 5  

Scraper tip speed ft/min 7-21 7, 11, 16 or 21 ft/min 

Cutout torque ft-lbs 80,000  

Design torque ft-lbs 60,000  

Weir length ft 829 
Designed with dual orifices 

(one for low flow and one row 
for high flow) 

Weir Loading Rate gpm/ft 6.7 at 8 mgd 

Size of sludge line in 8  
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Existing Filters – Rehabilitation 

Type   Constant Rate, Constant Level 

Number of filter bays ea 8  

Cells per bay ea 2  

Area of Filter sq ft 676 (26’x13’x 
2 cells)  

Total filter area sq ft 5,408  

Filtration Rate gpm/sq ft 4.7 

32 mgd with Largest out of 
service – Exceeds MoDNR 

Standards – Pilot or Full Scale 
Testing Required 

Media Design l/D ratio Unit less 1,200 – 1,500 

Media Type   
Dual Media: Anthracite/Sand 

conforming to DNR 
specifications 

Backwash Design   

Surface Wash – 1.5 gpm/sqft 
@ 100 psig for 2-5 minutes 
Concurrent Surface Wash/BW 
– 
6- 8gpm/sqft for 2-5 minutes 
Water only backwash – 
15-20 gpm/sqft for 6-8 minutes 
sustained with  

Backwash Supply Gpm 
@TDH 

13,500 gpm 
 @ 20 ft TDH 

Existing 150,000 gallon 
backwash tank 

Backwash pumps (2) with VFD:  

Flocculating Clarifiers (Basins No. 4, and No. 8) 

Type of basin equipment Side Feed, Perimeter weir flocculating clarifier with Stanford 
baffles 

Basin design flow mgd 8  

Basin hydraulic flow mgd 12  
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Basin volume gal 758,000  

Basin width ft 80’-0”  

Side water depth ft 17 ft  

Detention time beneath 
flocculation cylinder min 30 at 8 mgd 

Diameter of reactor cone ft 45’- 0”  

Volume beneath the 
reactor cone gal 165,000  

Drive type  Flocculation 
mixers 

Pitched blade turbine Vertical 
flocculators 

Drive tip speed ft/sec 13  

Drive diameter Inches 50  

Detention time in the 
settling area min 90-120 min at 8 mgd 

Volume in the settling 
area gal 500,000 to 

650,000  

Rise rate in the settling 
area gpm/ft2 1.00 at 8 mgd  

Scraper drive motor hp ¾  

Scraper tip speed ft/min 10  

Cutout Torque ft-lbs 93,200  

Design Torque  mgd 46,600  

Weir length ft 829  

Weir Loading Rate gpm/ft 6.7 at 8 mgd 

Launder length ft 912  

Weir Loading Rate  gpm/ft 6.1 at 8 mgd 

Size of sludge lines (1 
line) in  8 in  
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

New Filters – Deep Bed, Multimedia 

Type   Constant Rate, Constant Level 

Number of Filter Bays Ea 4  

Cells per Bay Ea 1  

Area of Filters sqft 615 Filter Length – 35 ft 
Filter width – 18 ft 

Total Filter Area Sqft 2450  

Filtration Rate Gpm/sqft 8 
7 mgd/ filter  

Exceeds DNR standards – Pilot 
or Full Scale Testing Required 

Total Filtration Capacity Mgd 28  

Media Design  Anthracite 
Layer 

Depth: 36 inches-48 inches 
L/D:1300 to 1600 

  Sand Layer Depth: 12 inches 
L/d: 1300-1500 

  Gravel Layer 
Depth: 12 inches (above 

Nozzles) 
Gradation: Reverse  

Underdrains   

Orthos Nozzle type with 
monofloor and 3ft plenum 
designed for concurrent 

air/water 

Backwash  Concurrent 
Air/water 

Air only: 3 to 5 scfm/sqft 
Concurrent: Air 2 to 2.5 

scfm/sqft 
Water_6-8 gpm/sqft 

Water only: 15-20 gpm/sqft 
 

Air Blowers Scfm @ 
TDH 

2,000-3,000 
@ 5 psig 2 @ 20 HP 
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Table 5.14 Alternative 2A – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Finished Water Storage    

Type 

Prestressed Concrete Storage Tank – Partially Buried 
Variance Required to construct within a flood plain. Other 
options include intermediate pumping with above ground 

clearwell 

Diameter ft 150 ft  

Disinfection Volume Gallons 
Ft of depth 

350,000 
3 ft 

Minimum volume required for 
0.5 log Giardia @ 5C for 30 

mgd 

Storage Volume  Gallons 
Ft of depth 

700,000 
6 ft 

Volume for filter and pump 
control 

Baffle Factor T10/T 0.6 

Well baffled with Reinforced 
CMU baffles and influent 
control weir for filter level 

control 

Residuals Handling and 
Disposal    See Chapter 6 

 

5.9.2.3 Chemical Feed Protocol 

The chemical protocol will be similar to the existing chemical feed protocol for the current 
treatment trains except that soda ash will be required in the softening treatment trains 
(Figure 5.21). The plant currently does not utilize soda ash even though the raw water is 
carbonate limited. This means that when lime is added to raise the pH to the level that 
magnesium is removed; there is not enough carbonate in the water to precipitate both the 
existing calcium and the calcium that is added as lime. The addition of soda ash adds the 
required carbonate and optimizes both the concurrent removal of calcium hardness as well 
as magnesium hardness. This optimization of hardness removal combined with the 
potential lower hardness of a horizontal collector wells will allow the City to bypass more 
flow and still meet hardness goals.  
  



Figure 5.21 – Alternative 2A Chemical Feed Protocol 
Chapter 5 - Treatment Alternatives Evaluation 
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Due to the addition of soda ash, the softening process was assumed to be optimized and 
the softened water was assumed to have 70 mg/L as CaCO3 of calcium hardness and 
20 mg/L (as CaCO3) of magnesium hardness. The pH of the softened water was assumed 
to be 10.5 in order to meet overall alkalinity goals. This was combined with the correct 
proportion of raw water to determine the finished water hardness as well as alkalinity and 
pH.  

Chemicals that would need additional storage capacity and feed capability include chlorine, 
as well as a completely new feed system for soda ash and chlorine dioxide. Table 5.15 
provides the proposed chemical feed rates associated with each chemical feed system for 
the Softening and coagulation trains:  
 
Table 5.15 Anticipated Chemical Feed Rates - Alternative 2A 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Chemical 
Maximum 
Feed Rate 

(mg/L) 

Average 
Feed Rate 

(mg/L) 

Minimum 
Feed Rate 

(mg/L) 

Chlorine 7.5 4.8 1.25 

Lime (as Neat Product)  300 260 200 

Soda Ash (as Neat Product) 150 110 50 

Carbon Dioxide (as neat product) NR NR NR 

Ferric Sulfate (mg/L as Dry Alum) 30 15 0 

Polymer Coagulant Aid (mg/L as neat 
product) 

1 0.5 0.25 

Ammonium Sulfate (as Neat Product) 5.9 3.3 2.7 

Fluoride (as neat product ) 7.1 4.4 0 
 

5.9.2.4 Land Requirements 

Figure 5. 22 presents the conceptual layouts of the new facilities at the McBaine WTP. In 
order to locate the facilities on the site in a location convenient to the process flow and 
hydraulics, the levee/flood wall protection system would need to be expanded to 
encompass the new facilities. New aeration facilities would be located on the west side of 
the side adjacent to the raw water lines and tie into the existing aeration effluent flume from 
which the flow will be split to the existing basins converted to single stage softening basins. 
New filtration facilities would be located at the south end of the site across the access road 
from the existing filters.  
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The new clearwell would be located at the extreme west end or north end of the site (see 
Chapter 6 for the residuals handling options and recommendation s for the lagoons) either 
outside the floodwall (with the top of the clearwell above the floodwall) or inside the 
floodwall at or above grade whichever is more cost effective. The lagoon access road will 
be rerouted to the east of the site to permit construction of the clearwell at the west end of 
the site. The new high service pump station with below grade wet well would be located 
adjacent to the existing clearwell but within the floodwall.  

5.9.2.5 Operational Impacts 

Once constructed, the changes in operation of the plant would require more frequent 
measurement and monitoring of the concentration of solids in the center cone of each of the 
clarifiers to optimize the performance of the clarifiers and avoid overloading the filtration 
process. Furthermore, the change from declining rate filters to constant rate filters will 
require changing the manner in which the flow through the plant will be controlled. Instead 
of controlling the flow through the plant by varying the water levels within the basins , the 
plant will be controlled by varying the levels within the clearwell and trimming with the flow 
into the plant. The operations of the softening process would not require as frequent 
monitoring of the water quality parameters to prevent over softening or under softening as 
the flow split to the flocculating clarifiers would be utilized to achieve the 150 mg/L target 
hardness levels based upon the particular well combinations utilized. 

It is likely that minimal additional staff would be required to operate this alternative as the 
increased solids monitoring could be performed with the routine water quality monitoring 
currently being performed by the plant staff. Additional chemical feed systems (soda ash, 
polymer, ferric sulfate ) for the conventional coagulation train will require additional labor to 
properly maintain versus Alternative 1A which feed of these chemicals will not be required.  

5.9.2.6 Anticipated Water Quality 

Table 5.16 provides the anticipated finished water quality for Alternative 2A, and includes 
an assessment of the treatment process with respect to finished water goals. Table 5.16 
indicates compliance with each of the finished water quality goals with the exception of the 
removal of contaminants of emerging concern. 
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Table 5.16 Alternative 2A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 
GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Compliant Historical filter 
performance 
inadequate to meet 
goals. 
 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Compliant Due to Filter turbidity 
requirements and 
current Design 
Disinfection 
inadequate for 0.5 
log inactivation for all 
flows at coldest 
recorded 
temperatures 
including potential 
collector well 
temperatures (5 C). 

Virus Inactivation > 2.0 log removal 
through filters 
> 4.0 log inactivation 
through Disinfection 
(GW Rule) 
> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Compliant Due to Filter Effluent 
Turbidity 
requirements. 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process 
through co-
precipitation with 
iron and CaCO3 
removal adequate. 
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Table 5.16 Alternative 2A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Disinfection By Products   

TTHM1 < 40% µg/L Compliant1 With current use of 
chloramines 

HAA51 < 30% µg/L Complaint1 With current use of 
chloramines 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Compliant  

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water Stability   

pH 8.5 – 9.0 s.u 8-8.5 With CO2 Feed 

CCPP 4-10 mg/L 5-6 With CO2 feed 

LI Slightly Positive Slightly Positive With CO2 feed 

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetic
s 

   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Compliant  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 
150 mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most Noncompliant – Only 
some gained 
through free chlorine 

Existing process 
(free chlorine 
contact) not as 
effective as other 
technologies 

NDMA ND Compliant Sampling of NDMA 
during 
chloramination 
indicates free 
chlorine contact time 
oxidizes constitutes 
on reaction pathway 
between 
chloramines and 
NDMA. 
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Table 5.16 Alternative 2A – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Residuals 
Minimization 

 Non Compliant Residuals 
calculations indicate 
that solids 
production is higher 
than partial softening 
alternatives. 

Note: 
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

 

5.9.2.7 Alternative Constructability/Ability to Phase 

Based upon the constructability analysis conducted by Carollo, Alternative 2A has a high 
level of constructability requiring minimal plant shutdowns of short duration to attain the 
necessary improvements. Once the floodwall and protective levee have been relocated 
(See Figure 5.22), most of the construction of the new facilities can occur outside of the 
existing treatment process thereby limiting the impact on operations.  

Alternative 2A also contains an inherent ability to phase the improvements particularly if the 
timetable for reclassification of the source water to a GWUDI is long. The improvements 
can be phased to reconfigure the basins and filters as capacity is needed thereby limiting 
the impact on operations. 

5.9.3 Alternative 3B – GAC Filter Absorbers with Partial Softening 

Figure 5.23 presents the proposed process flow diagram for the McBaine WTP expansion 
using GAC filter absorbers. Raw water would flow to either the existing or new aerators with 
the flow split controlled by new flow control valves. Operations staff would be given the 
option to add ferric sulfate downstream of aeration to enhance TOC removal prior to 
softening to reduce the TOC load on the GAC filters. Following this, the flow would be 
combined into the existing aerated effluent box where it will be split to the eight primary 
softening basins using valves and flowmeters. The effluent from basins No. 1 through No. 4 
would be combined into an expanded drop box which would contain chemical feed points 
for chlorine, carbonic acid, and fluoride prior to filtration. Similarly the effluent from basins 
No. 5 through No. 8 would be combined in the existing drop box which would contain 
chemical feed points for chlorine, carbonic acid, and fluoride prior to filtration. New piping 
from these effluent drop boxes would be provided to enable transfer of settled water to eight 
new rapid rate deep bed filters prior to a new clearwell and high service pump station.  
  



Figure 5.23 – Alternative 3B Process Flow Diagram 
Chapter 5 -Preliminary Design Report 
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In summary, the recommended improvements include the following: 

• Expansion of Aeration from 32 mgd to 60 mgd. 

• Demolition of the existing Parshall flumes and installation of new magnetic flow 
meters and control valves to control the flow split to each basin. 

• Installation of Ferric Sulfate storage and feed system to increase TOC removal 
through the process (if necessary). 

• Conversion to Single Stage Softening Part I - Replacement of Primary Treatment 
Units No. 1 through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms. 

• Conversion to Single Stage Softening Part II: Replacement of Secondary Treatment 
Units No. 1 through No. 4 with new solids contact clarifiers with stainless steel internal 
mechanisms. 

• Modification of the existing effluent drop boxes to incorporate a liquid carbonic acid 
system for recarbonation of the effluent from the primary clarifiers. 

• Existing Filters: 
– Derating of filtration rate to permit 10 minutes of Empty Bed Contact Time 

(EBCT). 
– Changing media and underdrains in all eight filters to incorporate air scour and 

GAC/Sand dual media. 
– Removal of the existing pumps from the filters and conversion from declining 

rate to constant rate filtration for Filters No. 1 through No. 8. 
– Addition of two backwash pumps with VFD’s to provide backwash water to the 

filters sufficient for a sustained backwash at 17 gpm/sqft. 
– Modification of South wall of filter building to install structural reinforcing 

necessary to install roll up doors or removable panels to permit ease of media 
removal and replacement. 

• New Filters: 
– Installation of new rapid rate, deep bed, multimedia filters with concurrent 

air/water backwash capabilities.  
– Removal of existing 150k gallon storage tank and construction of new 500k gal 

of storage to permit construction of new filters. 

• Installation of a below grade or above grade clearwell (with intermediate pump 
station) with sufficient contact time to permit 0.5 –log virus removal with free chlorine 
prior to chloramination. 

• Chemical Feed Systems: 
– Expanded Lime Feed System with Grit Classification Device and New Loops. 
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– New Carbon Dioxide Storage and Feed System. 
– Expanded chlorine storage and feed systems. 
– New Ferric Sulfate Storage and Feed Systems. 
– Expanded fluoride storage and feed system. 

• Residuals Handling and Disposal (see Chapter 6) 

5.9.3.1 Process Design Criteria 

Table 5.17 presents the major design criteria for each unit process and the estimated 
capacity rating of the unit given the criteria. Those criterion that deviate from the MoDNR or 
ten state standards are highlighted to indicate where additional full scale or pilot scale 
testing will be required to confirm these design criteria. 

5.9.3.2 Chemical Feed Protocol 

The chemical protocol will be similar to the existing chemical feed protocol with the 
exception that a liquid ferric sulfate feed system would be provided to facilitate TOC 
removal at certain periods where iron concentrations may be low and the desired 15% 
removal cannot be achieved in the softening process with co-precipitation with iron and 
calcium carbonate. In addition, since free chlorine will interfere with the GAC adsorption 
through oxidation of the GAC sites, free chlorine addition will be moved to post filtration and 
all of the disinfection contact time must take place in the clearwell. All chemical feed 
facilities with the exception of ammonia (with some minor modifications), and fluoride would 
need to be expanded both with respect to storage and feed capacities. Figure 5.24 shows 
the chemical protocol for Alternative 3B. The following table is the assumed chemical feed 
rates associated with each chemical feed system. 
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Table 5.17 Alternative3B – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Aeration (See Table 5.11) 

Primary Softening Units (See Table 5.11) 

Existing Filters - Rehabilitation 

Type   Constant Rate, Constant Level 

Number of filter bays ea 8  

Cells per bay ea 2  

Area of Filter sq ft 676 (26’x13’x 
2 cells)  

Total filter area sq ft 5,408  

Filtration Rate gpm/sq ft 1.87 12.75 mgd with Largest out of 
service 

GAC EBCT Min 10 Pilot Testing Required to 
Confirm 

GAC Life @ EBCT Months 6 Pilot Testing Required to 
Confirm 

Media Design   

GAC Depth: 24 inches 
Sand Depth: 12 inches 
Gravel Depth: 12 inches 
(Reverse Graded) 
L/d > 1,200 

Backwash Design  Concurrent 
Air/water 

Air only: 3 to 5 scfm/sqft 
Concurrent: Air 2 to 2.5 

scfm/sqft 
Water_6-8 gpm/sqft 

Water only: 15-20 gpm/sqft 
 

Backwash Supply Gpm 
@TDH 

13,500 gpm 
 @ 20 ft TDH 

Existing 150,000 gallon 
backwash tank 

Backwash pumps (2) with VFD:  
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Table 5.17 Alternative3B – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

New Filters – Deep Bed 

Type   Constant Rate, Constant Level 

Number of Filter Bays Ea 8  

Cells per Bay Ea 1  

Area of Filters sqft 1316 Filter Length – 47 ft 
Filter width – 28 ft 

Total Filter Area Sqft 10,528  

Filtration Rate Gpm/sqft 3.36 

6.4 mgd/ filter 45.5 mgd with 
largest out of service  

Exceeds DNR standards – Pilot 
or Full Scale Testing Required 

Total Filtration Capacity Mgd 45.5 With largest unit out of service 

GAC EBCT Min 10 Pilot Testing Required to 
Confirm 

GAC Life @ EBCT Months 6 Pilot Testing Required to 
Confirm 

Media Design  gac Depth: 52 inches 
L/D:1300 to 1600 

  Sand Layer Depth: 12 inches 
L/d: 1300-1500 

  Gravel Layer 
Depth: 12 inches (above 

Nozzles) 
Gradation: Reverse  

Underdrains   

Orthos Nozzle type with 
monofloor and 3ft plenum 
designed for concurrent 

air/water 
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Table 5.17 Alternative3B – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 

Backwash  Concurrent 
Air/water 

Air only: 3 to 5 scfm/sqft 
Concurrent: Air 2 to 2.5 

scfm/sqft 
Water_6-8 gpm/sqft 

Water only: 15-20 gpm/sqft 
 

Air Blowers Scfm @ 
TDH 

3,000-4,000 
@ 5 psig 2 @ 20 HP 

Finished Water Storage    

Type 

Prestressed Concrete Storage Tank – Partially Buried 
Variance Required to construct within a flood plain. Other 
options include intermediate pumping with above ground 

clearwell 

Diameter ft 180 ft  

Disinfection Volume Gallons 
Ft of depth 

500,000 
3 ft 

Minimum volume required for 
0.5 log Giardia @ 5C for 30 

mgd 

Storage Volume  Gallons 
Ft of depth 

700,000 
6 ft 

Volume for filter and pump 
control 

Baffle Factor T10/T 0.6 

Well baffled with Reinforced 
CMU baffles and influent 
control weir for filter level 

control 

Residuals Handling and 
Disposal    See Chapter 6 
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Table 5.18 Anticipated Chemical Feed Rates - Alternative 3B 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Chemical 
Maximum 
Feed Rate 

(mg/L) 

Average 
Feed Rate 

(mg/L) 

Minimum 
Feed Rate 

(mg/L) 

Chlorine 7.5 4.8 1.25 

Lime (as Neat Product) 220 170 100 

Carbon Dioxide (as neat product) 22 12 10 

Ferric Sulfate (mg/L as Dry Alum) 30 15 0 

Ammonium Sulfate (as Neat Product) 5.9 3.3 2.7 

Fluoride (as neat product ) 7.1 4.4 0 
 
 

5.9.3.3 Land Requirements 

Figure 5. 25 presents the conceptual layouts of the new facilities at the McBaine WTP. In 
order to locate the facilities on the site in a location convenient to the process flow and 
hydraulics, the levee/flood wall protection system would need to be expanded to 
encompass the new facilities. New aeration facilities would be located on the west side of 
the side adjacent to the raw water lines and tie into the existing aeration effluent flume from 
which the flow will be split to the existing basins converted to single stage softening basins. 
New filtration facilities would be located at the south end of the site across the access road 
from the existing filters.  

The new clearwell would be located at the extreme west end or north end of the site (see 
Chapter 6 for the residuals handling options and recommendation s for the lagoons) either 
outside the floodwall (with the top of the clearwell above the floodwall) or inside the 
floodwall at or above grade whichever is more cost effective. The lagoon access road will 
be rerouted to the east of the site to permit construction of the clearwell at the west end of 
the site. The new high service pump station with below grade wet well would be located 
adjacent to the existing clearwell but within the floodwall.  
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5.9.3.4 Operational Impacts 

Once constructed, the changes in operation of the plant would require more frequent 
measurement and monitoring of the concentration of solids in the center cone of each of the 
clarifiers to optimize the performance of the clarifiers and avoid overloading the filtration 
process. Furthermore, the change from declining rate filters to constant rate filters will 
require changing the manner in which the flow through the plant will be controlled. Instead 
of controlling the flow through the plant by varying the water levels within the basins , the 
plant will be controlled by varying the levels within the clearwell and trimming with the flow 
into the plant. The flow split to the basins will be controlled to ensure a more consistent 
basin flowrate. Control algorithms supplemented by on line and laboratory TOC analysis will 
be utilized to control the flow through each of the filters to target a certain TOC value based 
upon that filters absorptive state(breakthrough versus regenerated carbon). It is likely that 
additional staff would be required to operate this alternative. In addition, most communities 
contract the services for media replacement and regeneration; however, should Columbia 
Water and Light staff be required to accomplish this task, significantly greater staffing will 
be required as well as the administration space necessary to retain such staff. 

5.9.3.5 Anticipated Water Quality 

Table 5.19 provides the anticipated finished water quality for Alternative 3B, and includes 
an assessment of the treatment process with respect to finished water goals. Table 5.19 
indicates compliance with each of the finished water quality goals with most of the CEC 
compounds removed through the process. 

 

Table 5.19 Alternative 3B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Compliant Historical filter 
performance 
inadequate to meet 
goals. 
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Table 5.19 Alternative 3B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Compliant Due to Filter turbidity 
requirements and 
current Design 
Disinfection 
inadequate for 0.5 
log inactivation for all 
flows at coldest 
recorded 
temperatures 
including potential 
collector well 
temperatures (5 C). 

Virus Inactivation > 2.0 log removal 
through filters 
> 4.0 log inactivation 
through Disinfection 
(GW Rule) 
> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Compliant Due to Filter Effluent 
Turbidity 
requirements. 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process 
through co-
precipitation with 
iron and CaCO3 
removal adequate. 

Disinfection By Products   

TTHM1 < 40% µg/L Likely but further 
testing will be 
required 

Free chlorine in 
distribution system 

HAA51 < 30% µg/L Likely but further 
testing will be 
required 

Free chlorine in 
distribution system 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Compliant  
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Table 5.19 Alternative 3B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water Stability   

pH 8.5 – 9.0 s.u 8-8.5 With CO2 Feed 

CCPP 4-10 mg/L 5-6 With CO2 feed 

LI Slightly Positive Slightly Positive With CO2 feed 

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Compliant  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 
150 mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most Significant removal 
of most CEC 
compounds 

Existing process 
(free chlorine 
contact) not as 
effective as other 
technologies 

NDMA ND Compliant Sampling of NDMA 
during 
chloramination 
indicates free 
chlorine contact time 
oxidizes constitutes 
on reaction pathway 
between 
chloramines and 
NDMA. 
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Table 5.19 Alternative 3B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Residuals 
Minimization 

 Compliant With existing lime 
softening process 
residuals will be 
minimized 

Note: 
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

 

5.9.3.6 Alternative Constructability/Ability to Phase 

Based upon the constructability analysis conducted by Carollo, Alternative 3B has a high 
level of constructability requiring minimal plant shutdowns of short duration to attain the 
necessary improvements. Once the floodwall and protective levee have been relocated 
(See Figure 5.25), most of the construction of the new facilities can occur outside of the 
existing treatment process thereby limiting the impact on operations.  

Due to the need to derate the existing filtration capacity, Alternative 3B has a limited ability 
to phase the improvements over time and most of the filtration capacity must be 
constructed in the initial phases.  

5.9.4 Alternative 4B – GAC Filter Absorbers with Split Treatment 

Figure 5.26 presents the proposed process flow diagram for the McBaine WTP expansion 
using GAC filter absorbers. Raw water would flow to either the existing or new aerators with 
the flow split controlled by new flow control valves. Aerated effluent will be spilt to the 
softening and conventional treatment basins. Ferric sulfate will be added prior to each of 
the softening and conventional treatment trains to enhance TOC removal prior to GAC 
filtration to improve GAC life. In addition, cationic polymer will be added to the conventional 
treatment train to improve iron and TOC removal prior to filtration. In addition, chlorine 
dioxide will be added to the influent of the spilt treatment basin to oxidize and remove 
manganese prior to filtration to satisfy the secondary MCL for manganese. 
  



Figure 5.26 – Process Flow Diagram Alternative 4B 
Chapter 5 - Preliminary Design Report 
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The effluent from the softening basins No. 1 through No. 3 would be combined with effluent 
from the split treatment basin (No. 4) into an expanded drop box with a mixer which would 
contain chemical feed points for carbonic acid prior to filtration. Similarly the effluent from 
basins No. 5 through No. 7 would be combined with effluent from the split treatment basin 
(No. 8) in the existing drop box retrofitted with mixer(s) which would contain chemical feed 
points for carbonic acid prior to filtration. New piping from these effluent drop boxes would 
be provided to enable transfer of settled water to four new rapid rate deep bed filters prior to 
a new clearwell and high service pump station. To avoid interference from the GAC media, 
chlorine and fluoride will be added at the clearwell with sufficient permanent storage 
provided for 0.5 log Giardia disinfection. 

In summary, the recommended improvements include the following: 

• Expansion of Aeration from 32 mgd to 60 mgd. 

• Demolition of the existing Parshall flumes and installation of new magnetic flow 
meters and control valves to control the flow split to each basin. 

• Installation of Ferric Sulfate storage and feed system to increase TOC removal 
through the process (if necessary). 

• Installation of Polymer storage and feed system to improve turbidity removal in the 
flocculating clarifiers. 

• Installation of a sodium chlorite storage and feed system for generation of chlorine 
dioxide on-site. 

• Conversion to Split Treatment Part I - Replacement of Primary Treatment Units No. 1 
through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms and Primary Unit No. 4 with new flocculating clarifier with stainless steel 
internals. 

• Conversion to Single Stage Softening Part II: Replacement of Secondary Treatment 
Units No. 1 through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms. Replacement of Secondary Unit No. 4 with new flocculating clarifier with 
stainless steel internals. 

• Modification of the existing effluent drop boxes to incorporate mixing units for 
blending of the split treatment train with the softening train and the addition of a liquid 
carbonic acid system for recarbonation of the effluent from the primary clarifiers 

• Existing Filters: 
– Derating of filtration rate to permit 10 minutes of Empty Bed Contact Time 

(EBCT). 
– Changing media and underdrains in all eight filters to incorporate air scour and 

GAC/Sand dual media. 
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– Removal of the existing pumps from the filters and conversion from declining 
rate to constant rate filtration for Filters No. 1 through No. 8. 

– Addition of two backwash pumps with VFD’s to provide backwash water to the 
filters sufficient for a sustained backwash at 17 gpm/sqft. 

– Modification of South wall of filter building to install structural reinforcing 
necessary to install roll up doors or removable panels to permit ease of media 
removal and replacement. 

• New Filters: 
– Installation of new rapid rate, deep bed, multimedia filters with concurrent 

air/water backwash capabilities.  
– Removal of existing 150k gallon storage tank and construction of new 500k 

gallon of storage to permit construction of new filters. 

• Installation of a below grade or above grade clearwell (with intermediate pump 
station) with sufficient contact time to permit 0.5 –log virus removal with free chlorine 
prior to chloramination. 

• Chemical Feed Systems: 
– Expanded Lime Feed System with Grit Classification Device and New Loops. 
– New Carbon Dioxide Storage and Feed System. 
– Expanded chlorine storage and feed systems. 
– New sodium chlorite storage and feed system 
– New Ferric Sulfate Storage and Feed Systems 
– New cationic polymer storage and feed system. 
– Expanded fluoride storage and feed system. 

• Residuals Handling and Disposal (see Chapter 6) 

5.9.4.1 Process Design Criteria 

Table 5.20 presents the major design criteria for each unit process and the estimated 
capacity rating of the unit given the criteria. Those criterion that deviate from the MoDNR or 
ten state standards are highlighted to indicate where additional full scale or pilot scale 
testing will be required to confirm these design criteria. 
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Table 5.20 Alternative 4B – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Aeration (See Table 5.14) 

Primary Softening Units (See Table 5.14) 

Primary Flocculating Clarifier Units (See Table 5.14) 

Existing Filters (see Table 5.15) 

New Filters (see Table 5.15) 

Finished Water Storage (See Table 5.17) 

 

5.9.4.2 Chemical Feed Protocol 

The chemical protocol will be similar to the existing chemical feed protocol with the 
exception that a liquid ferric sulfate feed system would be provided to facilitate TOC 
removal at certain periods where iron concentrations may be low and the desired 15% 
removal cannot be achieved in the softening process with co-precipitation with iron and 
calcium carbonate. In addition, since free chlorine will interfere with the GAC adsorption 
through oxidation of the GAC sites, free chlorine addition will be moved to post filtration and 
all of the disinfection contact time must take place in the clearwell. All chemical feed 
facilities with the exception of ammonia (with some minor modifications), and fluoride would 
need to be expanded both with respect to storage and feed capacities. Figure 5.27 shows 
the chemical protocol for Alternative 4B. The following table is the assumed chemical feed 
rates associated with each chemical feed system. 
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Table 5.21 Anticipated Chemical Feed Rates - Alternative 4B 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Chemical 

Maximum 
Feed Rate 

(mg/L) 

Average 
Feed Rate 

(mg/L) 

Minimum 
Feed Rate 

(mg/L) 

Chlorine 7.5 4.8 1.25 

Lime (as Neat Product) 220 170 100 

Carbon Dioxide (as neat product) 22 12 10 

Chlorine Dioxide 0.75 0.40 0 

Ferric Sulfate (mg/L as Dry Alum) 30 15 0 

Polymer 1 0.5 0 

Ammonium Sulfate (as Neat Product) 5.9 3.3 2.7 

Fluoride (as neat product ) 7.1 4.4 0 

 

5.9.4.3 Land Requirements 

Figure 5.25 presents the conceptual layouts of the new facilities at the McBaine WTP. In 
order to locate the facilities on the site in a location convenient to the process flow and 
hydraulics, the levee/flood wall protection system would need to be expanded to 
encompass the new facilities. New aeration facilities would be located on the west side of 
the side adjacent to the raw water lines and tie into the existing aeration effluent flume from 
which the flow will be split to the existing basins converted to single stage softening basins. 
New filtration facilities would be located at the south end of the site across the access road 
from the existing filters.  

The new clearwell would be located at the extreme west end or north end of the site (see 
Chapter 6 for the residuals handling options and recommendation s for the lagoons) either 
outside the floodwall (with the top of the clearwell above the floodwall) or inside the 
floodwall at or above grade whichever is more cost effective. The lagoon access road will 
be rerouted to the east of the site to permit construction of the clearwell at the west end of 
the site. The new high service pump station with below grade wet well would be located 
adjacent to the existing clearwell but within the floodwall.  
  



Figure 5.27 – Alternative 4B Chemical Feed Protocol 
Chapter 5 - Treatment Alternatives Evaluation 
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5.9.4.4 Operational Impacts 

Once constructed, the changes in operation of the plant would require more frequent 
measurement and monitoring of the concentration of solids in the center cone of each of the 
clarifiers to optimize the performance of the clarifiers and avoid overloading the filtration 
process. Furthermore, the change from declining rate filters to constant rate filters will 
require changing the manner in which the flow through the plant will be controlled. Instead 
of controlling the flow through the plant by varying the water levels within the basins , the 
plant will be controlled by varying the levels within the clearwell and trimming with the flow 
into the plant. The flow split to the basins will be controlled to ensure a more consistent 
basin flowrate. The operations of the softening process would not require as frequent 
monitoring of the water quality parameters to prevent over softening or under softening as 
the flow split to the flocculating clarifiers would be utilized to achieve the 150 mg/L target 
hardness levels based upon the particular well combinations utilized. 

Control algorithms supplemented by on line and laboratory TOC analysis will be utilized to 
control the flow through each of the filters to target a certain TOC value based upon that 
filters absorptive state(breakthrough versus regenerated carbon). It is likely that additional 
staff would be required to operate this alternative. In addition, most communities contract 
the services for media replacement and regeneration; however, should Columbia Water 
and Light staff be required to accomplish this task, significantly greater staffing will be 
required as well as the administration space necessary to retain such staff. 

5.9.4.5 Anticipated Water Quality 

Table 5.22 provides the anticipated finished water quality for Alternative 4B, and includes 
an assessment of the treatment process with respect to finished water goals. Table 5.22 
indicates compliance with each of the finished water quality goals with most of the CEC 
compounds removed through the process. The major difference between Alternative 3B 
and 4B is that Alternative 4B has a higher residuals production than 3B. 
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Table 5.22 Alternative 4B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Compliant Historical filter 
performance 
inadequate to meet 
goals. 
 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Compliant Due to Filter turbidity 
requirements and 
current Design 
Disinfection 
inadequate for 0.5 
log inactivation for all 
flows at coldest 
recorded 
temperatures 
including potential 
collector well 
temperatures (5 C). 

Virus Inactivation > 2.0 log removal 
through filters 
> 4.0 log inactivation 
through Disinfection 
(GW Rule) 
> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Compliant Due to Filter Effluent 
Turbidity 
requirements. 

TOC Removal 
Through Process 

> 25% Removal Compliant Existing process 
through co-
precipitation with 
iron and CaCO3 
removal adequate. 
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Table 5.22 Alternative 4B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

Disinfection By Products   

TTHM1 < 40% µg/L Likely but further 
testing will be 
required 

Free chlorine in 
distribution system 

HAA51 < 30% µg/L Likely but further 
testing will be 
required 

Free chlorine in 
distribution system 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Compliant  

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water Stability   

pH 8.5 – 9.0 s.u 8-8.5 With CO2 Feed 

CCPP 4-10 mg/L 5-6 With CO2 feed 

LI Slightly Positive Slightly Positive With CO2 feed 

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Compliant  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 
150 mg/L as CaCO3 

Contaminants of 
Emerging Concern 

Destruction of Most Significant removal 
of most CEC 
compounds 

Existing process 
(free chlorine 
contact) not as 
effective as other 
technologies 
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Table 5.22 Alternative 4B – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 

NDMA ND Compliant Sampling of NDMA 
during 
chloramination 
indicates free 
chlorine contact time 
oxidizes constitutes 
on reaction pathway 
between 
chloramines and 
NDMA. 

Residuals 
Minimization 

 Noncompliant Partial Softening has 
lower residuals 
production than split 
treatment alternative 

Note: 
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

 

5.9.4.6 Alternative Constructability/Ability to Phase 

Based upon the constructability analysis conducted by Carollo, Alternative 4B has a high 
level of constructability requiring minimal plant shutdowns of short duration to attain the 
necessary improvements. Once the floodwall and protective levee have been relocated 
(See Figure 5.24), most of the construction of the new facilities can occur outside of the 
existing treatment process thereby limiting the impact on operations.  

Due to the need to derate the existing filtration capacity, Alternative 4B has a limited ability 
to phase the improvements over time and most of the filtration capacity must be 
constructed in the initial phases.  
  



 

December 2012 – FINAL 5-117 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 5_ 

5.9.5 Alternative 3C – Ozone Biofiltration with Partial Softening 

5.9.5.1 Description of Operation 

Figure 5.28 presents the proposed process flow diagram for the McBaine WTP expansion. 
Raw water would flow to either the existing or new aerators with the flow split controlled by 
new flow control valves. Operations staff would be given the option to add ferric sulfate 
downstream of aeration to enhance TOC removal prior to softening. Following this, the flow 
would be combined into the existing aerated effluent box where it will be split to the six 
primary softening basins using valves and flowmeters.  

The effluent would be combined into a settled water pump station with four low-head 
propeller pumps to lift the settled water through either a pipeline or baffled concrete 
contactor. For estimating purposes, the more conservative baffled concrete contactor 
design was utilized. Under this scenario, the effluent pump station and ozone contactor 
would occupy the space of two of the existing solids contact clarifiers. Prior to entering the 
dual train contactor (30 -10 mgd each) , carbonic acid and ammonia would be injected into 
the common pump discharge pipeline to adjust the pH to 8.0 to 8.5 and aid in bromate 
mitigation. In addition, a sodium thiosulfate system would be provided to quench any ozone 
prior to entering filtration. Bench scale testing on the settled water indicated that ozone 
demand was relatively low and bromate formation was minimal (< 5 µg/L) ; however, 
bromide concentrations in the range of 100 to 120 µg/L were detected and the full measure 
of bromate mitigation strategies should be provided until pilot scale tests can be performed 
that corroborate with the bench scale results. 

Following the ozone contactors, a effluent gate structure would be provided to divert flow to 
the existing or new filters. Following the biofilters, the water would flow to a below grade 
concrete clearwell sized for storage only as the ozone contactor would provide the required 
disinfection where chlorine and fluoride would be added. 

In summary, the recommended improvements include the following: 

• Expansion of Aeration from 32 mgd to 60 mgd. 

• Demolition of the existing Parshall flumes and installation of new magnetic flow 
meters and control valves to control the flow split to each basin. 

• Installation of Ferric Sulfate storage and feed system to increase TOC removal 
through the process (if necessary). 

• Conversion to Single Stage Softening Part I - Replacement of Primary Treatment 
Units No. 1 through No. 3 with new solids contact clarifiers with stainless steel internal 
mechanisms. 

• Conversion to Single Stage Softening Part II: Replacement of Secondary Treatment 
Units No. 1 and No. 4 with new solids contact clarifiers with stainless steel internal 
mechanisms. 



Figure 5.28 – Process Flow Diagram Alternative 3C 
Chpater 5 - Preliminary Design Report 
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• Conversion of Secondary Units No. 2 and no. 3 to Ozone System part I – Removal of 
mechanisms and installation of intermediate walls to form a in-plant lift station for the 
ozone contactor. 

• Conversion of secondary Units No. 3 and No. 3 to Ozone System part II – Removal of 
mechanisms and installation of intermediate walls to form a two train ozone contactor 
with Ozone destruct units and an effluent diversion structure. 

• Installation of a new ozone generator building.  

• Incorporate a liquid carbonic acid system for recarbonation of the effluent from the 
primary clarifiers. 

• Modification of the existing filter media and underdrains in Filters No. 1-8 to install 
GAC/sand media and an air scour/water backwash system for biologically active 
filtration. 

• Removal of the existing pumps from the filters and conversion from declining rate to 
constant rate filtration for Filters No. 1 through No. 8.  

• Addition of two backwash pumps with VFD’s to provide backwash water to the filters 
sufficient for a sustained backwash at 17 gpm/sqft with surface wash. 

• Installation of new rapid rate, deep bed, multimedia filters with concurrent air/water 
backwash capabilities.  

• Installation of a below grade or above grade clearwell (with intermediate pump 
station) with sufficient contact time to permit 0.5 –log virus removal with free chlorine 
prior to chloramination. 

• Chemical Feed Systems: 
– Expanded Lime Feed System with Grit Classification Device and New Loops. 
– New Carbon Dioxide Storage and Feed System. 
– Expanded chlorine storage and feed systems. 
– New Ferric Sulfate Storage and Feed Systems. 
– Expanded fluoride storage and feed system. 
– New Liquid Oxygen Storage and vaporization system 
– New sodium thiosulfate storage and feed system 
– Expanded ammonia storage and feed system for bromate mitigation 
– Phosphoric acid Storage and feed system for biofilter augmentation. 

• Residuals Handling and Disposal (see Chapter 6) 
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5.9.5.2 Process Design Criteria 

Table 5.23 presents the major design criteria for each unit process and the estimated 
capacity rating of the unit given the criteria. Those criterion that deviate from the MoDNR or 
ten state standards are highlighted to indicate where additional full scale or pilot scale 
testing will be required to confirm these design criteria. 
 

Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Aeration (see Table 5.11) 
Primary Softening Units  
Type of basin equipment Conventional Solids contact Clarifier 

Number of Units Ea 6  

Design Capacity Each mgd 10 Total capacity 64 mgd 

Basin hydraulic flow mgd 12  

Basin volume gal 830,000  

Basin Diameter ft-in 80’-0”  

Side water depth ft 16’-9”  

Detention time beneath 
reaction well cylinder min 20  

Diameter of reactor cone ft 40’- 0” At bottom (approximate) 

Volume beneath the 
reactor cone gal 110,000 to 

150,000 10 mgd 

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation drive flow gpm 45,000 to 
55,000 

Critical Parameter for Proper 
Operation 

Recirculation drive hp hp 25  

Drive type  
Axial flow 

impeller pump 
or turbine 

 

Drive tip speed ft/sec 14 

< 14 ft/sec Recommended for 
impeller 

< 10 ft/sec recommended for 
Turbine 

Drive diameter inches Unknown Manufacturer Dependant 



 

December 2012 – FINAL 5-121 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 5_ 

Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Detention time in the 

settling area min 90   

Volume in the settling 
area gal 500,000-   

Rise rate in the settling 
area gpm/ft2 1.25 at 10 mgd  

Scraper drive hp hp 5  

Scraper tip speed ft/min 7-21 7, 11, 16 or 21 ft/min 

Cutout torque ft-lbs 80,000  

Design torque ft-lbs 60,000  

Weir length ft 1,000 
Designed with dual orifices 

(one for low flow and one row 
for high flow) 

Weir Loading Rate gpm/ft 6.7 at 10 mgd 

Size of sludge line in 8  

Intermediate Lift Station 
Pump Type   Propeller 

Pump Design   Vertical solids handling, open 
line shaft 

Number of Pumps Ea 4  

Pump Flow Gpm 13,800  

Pump TDH Ft 15  

Pump HP HP 100  

Pump Wet Well  LxWxH 48 x 20x 20  

Volume Gallons 110,000  

Ozone Contactor 

T10/T Dimensionl
ess 0.7 To be confirmed with CFD 

analysis 

Type   Fine Bubble/ dual cell 

Transfer Efficiency % 92  

Baffle Arrangement   Over/Under 
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Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Design Flow Rate Mgd 30  Capacity per contactor Train 

Nominal residence time 
at design flow Min 10  

Number of contactor 
Trains Ea 2  

Number of cells/contactor 
trains Ea 8  

Average Contactor water 
Depth Ft 20  

Maximum Head Loss Inches 18  

Contactor Train 
Dimensions LxWxD 70x20x20  

Hydraulic capacity  mgd 36  

Ozone Generation 
Number Ea 3 1 standby, 2 duty 

Capacity Each Ppd 600 Maximum 

Capacity Each ppd 120 Minimum 

Turndown % 20  

Maximum Cooling Water 
Requirement Gpm 300 (100 gpm per generator) 

Liquid Oxygen Storage 
Number of Tanks Ea 2  

Tank Type   Vertical  

Tank Useable Volume Gal 10,000  

Density of LOX Lb/gallon 9.52  

Percent Solution % 8-10  

LOX Vaporizers 
Type   Cold water Shell and Tube 

Number Ea 3 1 thawing, 1 standby, 1 in 
service 

Capacity Ppd 25,000 LOX consumption rate 
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Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Ozone Destruct System 

Number of Units Ea 2 One standby 

Capacity Ppd 600  

Vent Blowers Ea 2  

Maximum off gas 
concentration Ppm 0.1  

Existing Filters – Rehabilitation 
Type   Constant Rate, Constant Level 

Number of filter bays Ea` 8  

Cells per bay ea 2  

Area of Filter sq ft 676 (26’x13’x 
2 cells)  

Total filter area sq ft 5,408  

Filtration Rate gpm/sq ft 4.7 

32 mgd with Largest out of 
service – Exceeds MoDNR 

Standards – Pilot or Full Scale 
Testing Required 

Media Design l/D ratio Unit less 1,200 – 1,500 

Media Type   
Dual Media: GAC/Sand 

conforming to DNR 
specifications 

Backwash Design   

Surface Wash – 1.5 gpm/sqft 
@ 100 psig for 2-5 minutes 
Concurrent Surface Wash/BW 
– 
6- 8gpm/sqft for 2-5 minutes 
Water only backwash – 
15-20 gpm/sqft for 6-8 minutes 
sustained with  

Backwash Supply Gpm 
@TDH 

13,500 gpm 
 @ 20 ft TDH 

Existing 150,000 gallon 
backwash tank 

Backwash pumps (2) with VFD:  
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Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
New Filters – Deep Bed 

Type   Constant Rate, Constant Level 

Number of Filter Bays Ea 4  

Cells per Bay Ea 1  

Area of Filters sqft 615 Filter Length – 35 ft 
Filter width – 18 ft 

Total Filter Area Sqft 2450  

Filtration Rate Gpm/sqft 8 
7 mgd/ filter  

Exceeds DNR standards – Pilot 
or Full Scale Testing Required 

Total Filtration Capacity Mgd 28  

Media Design  GAC Layer Depth: 36 inches-48 inches 
L/D:1300 to 1600 

  Sand Layer Depth: 12 inches 
L/d: 1300-1500 

  Gravel Layer 
Depth: 12 inches (above 

Nozzles) 
Gradation: Reverse  

Underdrains   

Orthos Nozzle type with 
monofloor and 3ft plenum 
designed for concurrent 

air/water 

Backwash  Concurrent 
Air/water 

Air only: 3 to 5 scfm/sqft 
Concurrent: Air 2 to 2.5 

scfm/sqft 
Water_6-8 gpm/sqft 

Water only: 15-20 gpm/sqft 
 

Air Blowers Scfm @ 
TDH 

2,000-3,000 
@ 5 psig 2 @ 20 HP 
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Table 5.23 Alternative 3C – Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Unit 
Design 
Criteria 

Capacity Limit (mgd) of 
Design Criteria or Additional 

Information 
Finished Water Storage    

Type Cast in Place concrete Wet Well 

Dimensions LxWxD 100x50x25  

Disinfection Volume Gallons 
Ft of depth None 

Not Required – Ozone provides 
CT required for 0.5 log Giardia 

and 2 log Virus inactivation  

Storage Volume  Gallons 
Ft of depth 

700,000 
 

Volume for filter and pump 
control 

Baffle Factor T10/T 0.6 

Well baffled with Reinforced 
CMU baffles and influent 
control weir for filter level 

control 

Residuals Handling and 
Disposal    See Chapter 6 

 

5.9.5.3 Chemical Feed Protocol 

Figure 5.29 presents the chemical feed protocol for Alternative 3C. A liquid ferric sulfate 
feed system would be provided to facilitate TOC removal at certain periods where iron 
concentrations may be low and the desired 15% removal cannot be achieved in the 
softening process with co-precipitation with iron and calcium carbonate.  

Following the softening basins, carbon dioxide would be provided on the discharge of the in 
plant pumping system to stabilize the water and lower the pH prior to ozonation. In addition, 
polyphosphate would be provided if necessary to enhance the biofiltration process and 
provide calcium sequestration to minimize calcium carbonate precipitation on the ozone 
diffusers. Ammonia will also be provided for bromated control if necessary (see discussion 
above). Following the ozone contactor, sodium thiosulfate will be provided to quench any 
ozone carryover during low ozone demand periods. Finally, chlorine and fluoride would be 
fed in the clearwell prior to entering the distributions system. 

All chemical feed facilities with the exception of ammonia (with some minor modifications), 
and fluoride would need to be expanded both with respect to storage and feed capacities. 
The following table is the assumed chemical feed rates associated with each chemical feed 
system. 



Figure 5.29 – Alternative 3C Chemical Feed Protocol 
Chapter 5 - Treatment Alternatives Evaluation 
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Table 5.24 Anticipated Chemical Feed Rates - Alternative 3C 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Chemical 
Maximum 
Feed Rate 

(mg/L) 

Average 
Feed Rate 

(mg/L) 

Minimum 
Feed Rate 

(mg/L) 

Chlorine 3.5 2.5 1.25 

Ozone 2.5 1.5 1.0 

Lime (as Neat Product) 220 170 100 

Carbon Dioxide (as neat product) 22 12 10 

Ferric Sulfate (mg/L as Dry Alum) 30 15 0 

Polyphosphate (as Neat Product) 1 0.5 0 

Ammonium Sulfate (as Neat Product) 2.0 1.0 0.5 

Fluoride (as neat product ) 7.1 4.4 0 

 

5.9.5.4 Land Requirements 

Figure 5.30 presents the conceptual layouts of the new facilities at the McBaine WTP. In 
order to locate the facilities on the site in a location convenient to the process flow and 
hydraulics, the levee/flood wall protection system would need to be expanded to 
encompass the following new facilities: 

• New 28 mgd rated aeration facilities. 

• New LOX storage and vaporizer pad. 

• New Ozone Generation and Chemical Feed Building (Ammonia, polyphosphate, 
sodium thiosulfate, Ferric Sulfate) 

• New Carbon Dioxide Storage tank 

• New High Service Pump Station and Wet well. 

• New Ozone Control Building 
  



Figure x.x – Process Flow Diagram 
Preliminary Design Report 
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The Ozone generation/chemical feed building would be located on the west end of the site 
with LOX storage and vaporizers adjacent to the generation building. A new Ozone control 
building housing the pump discharge piping and ozone control equipment would be 
provided near the ozone contactors and constructed on top of the existing basins. 

The mechanisms for the existing Secondary Basins No. 2 and No. 3 would be removed and 
the new in plant lift station, ozone contactor, and effluent diversion structure would be 
constructed in this area (See Figure 5. 31).  

The new clearwell would be located at the extreme west end or north end of the site (see 
Chapter 6 for the residuals handling options and recommendation s for the lagoons) either 
outside the floodwall (with the top of the clearwell above the floodwall) or inside the 
floodwall at or above grade whichever is more cost effective. The lagoon access road will 
be rerouted to the east of the site to permit construction of the clearwell at the west end of 
the site. The new high service pump station with below grade wet well would be located 
adjacent to the existing clearwell but within the floodwall.  

5.9.5.5 Operational Impacts 

Once constructed, the changes in operation of the plant would require more frequent 
measurement and monitoring of the concentration of solids in the center cone of each of the 
clarifiers to optimize the performance of the clarifiers and avoid overloading the filtration 
process. Furthermore, the change from declining rate filters to constant rate filters will 
require changing the manner in which the flow through the plant will be controlled. Instead 
of controlling the flow through the plant by varying the water levels within the basins , the 
plant will be controlled by varying the levels within the clearwell and trimming with the flow 
into the plant. The flow split to the basins will be controlled to ensure a more consistent 
basin flowrate while the clearwell level control will ensure a more consistent filter flowrate 
resulting in smoother operations.  

The ozone process will require continuous monitoring of ozone residual to confirm 
compliance with disinfection requirements. In addition, the ammonia feed and other 
bromated mitigation measures may require frequent adjustment to ensure compliance with 
the bromate MCL. Furthermore, the in-plant lift station will require control of the level in the 
wet well to ensure that a consistent flow is provided to the ozone contactors for flow pacing 
of the chemical feed systems associated with ozonation and biofiltration. 

Control of a biofiltration process is very similar to that of a conventional multimedia rapid 
rate filter. However, greater monitoring of back wash performance and filter performance 
indicators must occur as biofiltration processes typically have shorter filter runs than 
conventional filters. 

As a result, it is anticipated that additional staff will be required to both operate and maintain 
the ozone biofiltration facilities as this represents a significant shift in these requirements 
from the current facilities. 



Figure 5.31 – Foundation Plan for Ozone contactor and 
lift Station 
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5.9.5.6 Anticipated Water Quality 

Table 5.25 provides the anticipated finished water quality for Alternative 3C and includes an 
assessment of the treatment process with respect to finished water goals. Table 5.25 
indicates superior compliance with each of the finished water quality goals with the 
exception of bromate, the formation of which may occur given the levels of bromide (100-
120 µg/L) present in the source water. As a result, additional bench scale and pilot scale 
testing are required to confirm the performance of the system. 

 

Table 5.25 Alternative 3C – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 
GWUDI Compliance   

Filter Effluent 
Turbidity 

< 0.3 NTU for 95% 
of individual Filter 
Readings 
< 1.0 NTU in 100% 
of individual Filter 
Readings 

Compliant Historical filter 
performance 
inadequate to meet 
goals. 
 

Giardia Inactivation >2.5 log removal 
through filters 
>0.5 log inactivation 
through Disinfection 
>3.0 total 

Compliant Due to Filter turbidity 
requirements and 
current Design 
Disinfection 
inadequate for 0.5 
log inactivation for all 
flows at coldest 
recorded 
temperatures 
including potential 
collector well 
temperatures (5 C). 

Virus Inactivation > 2.0 log removal 
through filters 
> 4.0 log inactivation 
through Disinfection 
(GW Rule) 
> 4.0 log removal 
(total) 

Compliant Compliant with 
projected maximum 
month flows at 5C. 

Cryptosporidium 
Inactivation 

> 2.0-log removal 
through filtration 

Compliant Due to Filter Effluent 
Turbidity 
requirements. 
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Table 5.25 Alternative 3C – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 
TOC Removal 

Through Process 
> 25% Removal Compliant Existing process 

through co-
precipitation with 
iron and CaCO3 
removal adequate. 

Disinfection By Products   

TTHM1 < 40% µg/L Compliant1 With current use of 
chloramines 

HAA51 < 30% µg/L Complaint1 With current use of 
chloramines 

Total Chlorine 2.5-3.0 mg/L Compliant  

Bromate (BrO3
-) <5 µg/L Unknown Further bench and 

pilot scale tests are 
necessary to confirm 
compliance with 
goals. 

Chlorite (ClO2
-) < 0.4 mg/L Compliant  

Finished Water Stability   
pH 8.5 – 9.0 s.u 8-8.5 With CO2 Feed 

CCPP 4-10 mg/L 5-6 With CO2 feed 

LI Slightly Positive Slightly Positive With CO2 feed 

Alkalinity 80-100 mg/L as 
CaCO3 

Compliant  

Secondary/Aesthetics   

Iron (total) < 0.2 mg/L Compliant  

Manganese (total) < 0.03 mg/L Compliant . 

Ammonia (total) 0.1 – 0.2 mg/L Compliant  

Fluoride 0.8-1.0 mg/L Compliant  

Total Hardness 150 mg/L as CaCO3 Compliant Hardness goal of 
150 mg/L as CaCO3 
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Table 5.25 Alternative 3C – Compliance Status with Finished Water Quality Goals 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Parameter Goal 

McBaine WTP 
Current 

Compliance Comments 
Contaminants of 
Emerging Concern 

Destruction of Most Superior 
performance 

Research indicates 
that ozone 
biofiltration is the 
most effective 
technology for 
removal 

NDMA ND Compliant Sampling of NDMA 
during 
chloramination 
indicates free 
chlorine contact time 
oxidizes constitutes 
on reaction pathway 
between 
chloramines and 
NDMA. 

Residuals 
Minimization 

 Compliant With existing lime 
softening process 
residuals will be 
minimized 

Note: 
(1) Compliance is only through the use of ammonia to convert to secondary disinfectant. Requires 

reduction/alteration of disinfection by product precursors in order to resume with free chlorine in 
the distribution system. 

5.9.5.7 Alternative Constructability/Ability to Phase 

Based upon the constructability analysis conducted by Carollo, Alternative 3C has 
significant constructability challenges due to the construction of the ozone and pump 
stations within the heart of the facility. This will likely require significant shutdowns of the 
plant and extended periods of downtime for secondary basins No. 4 and No. 1 as these 
improvements are conducted. Furthermore, multiple phased projects will be required to first 
install new uprated (1.25 gpm/sqft – 10 mgd) solids contact clarifiers to maintain current 
32 mgd capacity in primary basins No. 1 through No. 4. Following this, the next phase of 
the project would include construction of the in-plant pump station and ozone contactor with 
filter media and underdrain change-out in Filters No. 1 through No. 8 and conversion from 
declining rate to constant rate filtration through construction of the clearwell and high 
service pumping facilities. 
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5.10 FINAL ALTERNATIVES EVALUATION 

5.10.1 Workshop #3 – Final Alternatives Evaluation 

A Final Alternatives Evaluation Workshop (Workshop 3) was held was held with Columbia 
Water and Light (Water and Light) Department staff and stakeholders on September 2, 
2010 from 2:00 p.m. to 5:00 p.m.at the Water and Light ash street facility with specific 
discussion of the following: 

• Cost Opinion Methodology 

• Capital cost opinions associated with each of the six shortlisted alternatives. 

• Life cycle cost opinions associated with each of the six shortlisted alternatives. 

• Results of “Data Gap” analysis for each of the six shortlisted alternatives. 

• Re-ranking of the alternatives with respect to the established non-economic factors. 

• Carollo recommendations regarding alternative selection.  

5.10.2 Cost Opinion Methodology: 

5.10.2.1 Cost Opinion Accuracy 

The cost opinions contained herein are based on conceptual layouts and design criteria 
developed to a conceptual level of detail. Final project costs will depend on actual market 
conditions at the time of project implementation including labor and material costs, actual 
site conditions, productivity, competitive market conditions, final project scope, final project 
schedule, and other variable factors. Consequently, final project costs may vary from the 
cost opinions presented herein. 

The level of accuracy for cost opinions varies depending on the level of detail to which the 
project has been defined. Conceptual and planning estimates usually represent a “Class 4” 
or “Class 5” level of accuracy, while final plans and specifications present the highest level 
of accuracy, or “Class 1.” The American Association of Cost Engineers International 
(AACEI) has developed the following guidelines. This concept is presented graphically in 
Figure 5.32. 

Type of Cost Estimate  Anticipated Accuracy 

Class 5 (Conceptual)  +100% to -50% 

Class 4 (Planning Level)  +50% to -30% 

Class 3 (Preliminary Design)  +30% to -15% 

Class 2 (50 to 70% Design Completion)  +20% to -10% 

Class 1 (Pre-Bid)  +15% to -5% 



Figure 5.32 – Summary of Cost Opinion Accuracies (AACEI) 
Chapter 5 - Treatment Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report  
Columbia Water and Light 

Report Cost Opinion Level 
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The current alternatives project component cost estimates are considered “Class 4” 
accuracy level and are presented in September 2010 dollars. In order to facilitate capital 
planning, cost estimates for each project component have been broken down into total 
direct costs, total estimated construction costs, and total estimated project costs. Total 
direct costs include facilities, demolition, site development, yard piping, electrical 
instrumentation and controls (EI&C), and engineering contingency. Demolition costs include 
those associated with existing facilities directly impacted by the construction of proposed 
facilities. Site development costs include those associated with earthwork, pavement, and 
landscaping. Yard piping, EI&C, and engineering contingency are estimated as 
percentages of the facility costs adjusted as a function of facility type and the degree of 
detail available at the time of this report. For example, the EI&C percentage is less for 
facilities that are primarily concrete like the solids contact clarifiers basin, compared to 
those process facilities, which are more control-intensive like Ozone.  

Total estimated construction cost includes total direct costs, general conditions, contractor 
fees, overhead and profit, and bonds and insurance. In most cases, general conditions 
were estimated as 10 percent of the total direct costs. Likewise, the sum of contractor fees 
overhead and profit, and bonds and insurance were estimated as 10 percent of the total 
direct costs. In a few instances, one or both items are already included in the facility cost. 
Total estimated project costs include engineering fees for design and construction 
management and administration/legal costs. Engineering and construction management 
fees were estimated at 15 percent of total estimated construction costs. Administration and 
legal expenses were estimated as 2 percent of total estimated construction cost. It is 
important to note that, due to the uncertainty related to the timeline for project 
implementation, no escalation has been included in these cost estimates. Escalation must 
be incorporated when the project schedule is defined. 

5.10.2.2 Construction Market Factors and Escalation to Construction Midpoint 

The construction market throughout the nation is current experiencing deflationary 
depression causing very competitive bidding conditions. However, certain economic 
indicators point toward the possibility of inflation or hyperinflation in the coming years. 
Inflation is due to the rising cost of materials associated with short supply and high demand 
caused by worldwide phenomena, including rapid building in China, and natural disasters, 
such as hurricanes. As a result, the construction market for water and wastewater facilities 
is currently volatile making it difficult to predict costs at bid opening. Given the uncertainty 
associated with the timing for the McBaine Expansion and/or reclassification of the source 
water supply, the associated Cost Opinion’s do not include escalation. Contractor’s bids will 
ultimately include escalation to the mid-point of construction and will take into account 
market volatility. As a result, when the project component timing is established, the 
associated total estimated project costs must be escalated. Based on market conditions 
and the current expectation of project timing, an escalation rate of between 4 and 6 percent 
per year is recommended. 
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5.10.2.3 Annual Operational Cost Opinions: 

Annual operational costs were based upon actual unit costs of power and labor obtained 
from Columbia Water and light (See chapter 1). Chemical costs were obtained from 
quotations from vendors for delivery to the McBaine WTP. Other costs were based upon 
actual per mgd processed costs obtained from similar sized facilities operating similar 
equipment. Residuals estimates and residuals disposal costs were based upon the 
mechanical dewatering and monofill alternative discussed in Chapter 6. 

5.10.2.4 Cost Opinion Summary: 

Table 5.26 provides a summary of the capital costs and life cycle cost opinions developed 
for each of the shortlisted alternatives. A detailed summary of the cost opinions are 
provided in Appendix H for each of the shortlisted alternatives. 

Table 5.26 indicates that Alternative 1A, Partial softening with chloramines, is the least 
costly expansion from 32 to 60 mgd. Furthermore, the ozone alternatives (3C and 4C) 
although higher in capital costs are significantly lower in total project costs than the GAC 
filter absorber alternatives (3B, 4B) due to the significant annual costs required to remove 
and replace GAC filter media in accordance with the assumed replacement schedule (6 
months). 
 

Table 5.26 Summary of Cost Opinions for Shortlisted Alternative 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

 Shortlisted Alternative 
Parameter 1A 2A 3B 4B 3C 4C 

Base Component Partial 
Softening 
with 
chloramines 

Split 
Treatment 
with 
Chloramines 

Partial 
Softening 
with Free 
Chlorine 

Split 
Treatment 
with Free 
Chlorine 

Partial 
Softening 
with Free 
Chlorine 

Split 
Treatment 
with Free 
Chlorine 

Supplemental Process None None GAC Filter 
Absorbers 

GAC Filter 
Absorbers 

Ozone and 
Biofiltration 

Ozone and 
Biofiltration 

Capital Cost Opinion 
(millions)(1) 

$65.00 $66.10 $85.00 $86.20 $89.00 $90.30 

Pilot Testing Cost 
Opinion (millions) (2) 

$0.00 $0.00 $1.50 $1.50 $1.50 $1.50 

Annual Operation and 
Maintenance Cost 
Opinion (millions) 

$1.72 $1.87 $3.91 $4.03 $1.94 $2.00 

Total Life Cycle Cost (3) $99.35 $103.50 $164.77 $168.40 $129.30 $131.70 
Notes: 
(1) Capital Cost opinions based upon September 2010 values and do not include provisions for cost escalation 

beyond 2010. 
(2) Pilot Testing costs assume a one year duration.  
(3) Life Cycle Cost Opinions are based upon 20 years at an annual discount rate of 5%. 
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5.10.3 Final Non-Economic Evaluation: 

During the final workshop, the stakeholders were provided the opportunity to review the 
criteria weighting and, given the results of the data gap analysis, rank all alternatives with 
respect to these criteria. Figure 5.33 presents the results of the non-economic evaluation of 
the final alternatives. Of the thirteen factors, the following factors had the most impact 
regarding the relative rankings: 

5.10.3.1  Water Quality: 

Alternatives 3C and 4C (ozone/Biofiltration) ranked highest due to the ability to remove 
most CEC’s and other potentially future regulated compounds but Bromate formation is a 
concern that must be addressed as part of a pilot study. Alternatives 3B and 4B also ranked 
high due to the ability to absorb most CEC’s and maintain the use of free chlorine in the 
distribution system. Alternatives 1A and 2A also provide good water quality particularly 
through the use of chloramines and reports of a smooth transitions back and forth from free 
chlorine to chloramines to control nitrification. Alternatives 1A and 2A were ranked lower 
primarily due to the lack of removal of most CEC’s.  

5.10.3.2 Proven Technology (Ease of Operations): 

Alternatives 1A and 2A ranked the highest with 2A slightly higher due to the ability to control 
hardness using flow rather than water quality parameters. These alternatives ranked the 
highest due to the relative simplicity of the process and the high degree of familiarity the 
operations staff has with these technologies. Although both GAC filtration for TOC removal 
and Ozone biofiltration are proven technologies, these ranked slightly lower by the 
stakeholders due to the operational complexity and high degree of control required for 
proper operation of both technologies. 

5.10.3.3 Maintenance of Plant Operations: 

Alternatives 1A and 2A ranked the highest due to the ability to phase the improvements and 
minimize interruptions to the plant process. Alternative 3B and 4B ranked lower due to the 
extensive improvements required to the existing filters to modify the building to 
accommodate medial removal and replacement and the reduced ability to phase the 
projects for TOC reduction due to filter derating. Alternatives 3C and 4C ranked the lowest 
due to the inability to phase the improvements and the need to construct these facilities 
within the existing basins due to space limitations. 
  



Figure 5.33 – Final Alternative Non- Economic Ranking 
Chapter 5 - Treatment Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report  
Columbia Water and Light 
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5.10.3.4 Ability to Communicate Technical Options 

Alternatives 3C and 4C ranked the highest because of the ability to communicate this 
technology to the public as the most effective technology to remove current regulated 
compounds and future regulated compounds particularly if the low levels of bromate 
formation observed in the bench scale tests are confirmed with pilot testing. Alternatives 1A 
and 2A ranked the lowest because these simply expand the existing process with no new 
technologies for the control of CEC’s or other potential future compounds that may or may 
not be regulated in the future (i.e. iodized trihalomethanes) due to insufficient data 
regarding human health impacts. 

5.10.3.5 Remaining non-economic ranking 

The rankings of the remaining nine non-economic factors were not considered during the 
exercise since the model sensitivity analysis indicated that changing the relative rankings 
had no impact on the final rankings. 

5.10.4 Final Ranking and Recommendation 

Figure 5.34 provides a summary of the economic and non-economic rankings for each of 
the final alternatives. Table 5.27 provides a relative comparison of these final alternatives. 
Based upon the analysis conducted herein, Carollo recommends that Alternative 1A, Partial 
Softening with Chloramines be utilized for the Expansion of the McBaine WTP. The rational 
for recommendation regarding this process and the residuals handling recommendation are 
provided in Chapter 7 along with recommendations regarding project phasing.  



 

 

Table 5.27 Summary of Final Alternative Rankings 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternative Description 

CEC 
Reducti

on 

Ability to 
Use Free 
Chlorine 

Ease of 
Permitting 
with State 

Maintenance 
of Plant 

Operations 

Ability to 
communicate 

with Public 

Cost Differential 
(millions) 

Capital 
Cost 

Life 
Cycle 
Cost 

Alternative 1A Partial Softening 
with Chloramines - - + + + + - - $0.0 $0.0 

Alternative 2A Split Treatment 
With Chloramines - - + + + - - $1.1 $4.12 

Alternative 3C Partial Softening 
with Ozone/BAF + + + - - - + + + $24.0 $29.90 

Alternative 4C Split Treatment 
with Ozone/BAF + + + - - - + + + $25.2 $32.36 

Alternative 3B Partial Softening 
with GAC Filters + + - + + +  $20.0 $65.43 

Alternative 4B Split Treatment 
with GAC Filters + + - + + + $21.2 $69.00 

Note: 
(1) Scale : - - - Inferior, - - Less than, - Slightly Less , + + + Superior, + + Better, + Slightly Better   
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Figure 5.34 – Final Alternative Ranking With Costs 
Chapter 5 - Treatment Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Chapter 6- Residuals Alternatives Evaluation 

MCBAINE WTP PRELIMINARY DESIGN REPORT 

6.1 INTRODUCTION 
As part of this project, Carollo Engineers evaluated lime residuals dewatering and disposal 
options for the McBaine Water Treatment Plant (WTP) for expansion. This chapter includes 
an analysis of the following: 

1. Current residuals production  

2. Existing residuals handling and dewatering using the existing lagoons 

3. Options for solids handling at expansion: 
a. Existing lagoons 
b. Addition of new lagoons 
c. Gravity thickeners 
d. Centrifuges 
e. Discharge to Missouri River 

4. Options for residuals disposal at present and future expansion: 
a. Land application 
b. New off-site monofill 
c. Commercial landfill 
d. Permitted Clean fill operation 

6.2 RESIDUALS PRODUCTION 
Residuals, also referred to as solids, are produced as a by-product of the chemical 
treatment and sedimentation processes. The composition of treatment plant residuals 
consists mostly of colloidal matter, chemical precipitates, organic compounds, and 
microorganisms. As part of this study, Carollo estimated solids production for each of the 
expansion alternatives discussed in Chapter 5 using a mass balance approach that 
considers raw water hardness and turbidity removed as well as chemical addition during 
softening. Table 6.1 provides a summary of the estimated solids production at minimum day 
flow, average day flow, and maximum day flow for each expansion alternative. The residual 
dry weights shown in Table 6.1 are calculated for the year 2035 when the plant is expanded 
to a capacity of 60 mgd.  
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Table 6.1 Residuals Production Projection in 2035 (1) 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Alternative 
Min Day 

Dry lbs/day 
Avg Day 

Dry lbs/day 
Max Day 

Dry lbs/day 
Alternative 1A - Current 
Softening 68,067 110,269 170,916 

Alternative 2A - 
Softening with Split 
Treatment 

91,187 147,723 228,971 

Alternative 3B - GAC 
Filter Absorbers 91,187 136,324 211,303 

Alternative 3C - Ozone 
Biofiltration 68,067 110,269 170,916 

Alternative 4B - GAC 
Absorbers w/ Split 
Treatment 

91,188 147,725 228,974 

Alternative 4C - Ozone 
BAF w/ Split Treatment 91,187 147,723 228,971 

Note
(1) Total dry pounds per day are calculated assuming an expanded capacity of 60 mgd. The 

calculations also assume raw water quality remains similar to existing raw water quality for 
parameters including hardness, turbidity, and iron content. 

: 

 

As shown in Table 6.1, it is anticipated that Alternatives 1A (existing softening) and 3C will 
produce the lowest quantities of residuals while the other four alternatives will produce 
similar quantities of residuals at a higher rate. Figures 6.1 and 6.2 provide a pictorial of the 
mass balance calculation used to determine the quantity of dry solids produced for each 
alternative. 
  



Water Quality for the Original  
Treatment Scenario – Lime Softening with 

Chloramine ( Alternatives 1a and 3c) 

Ca+2 Hardness = 244 mg/L as CaCO3 
Alkalinity = 308 mg/L as CaCO3 
Mg+2 Hardness = 90 mg/L as CaCO3 

Lime addition = 161 mg/L as CaCO3 

Ca+2 Hardness = 83 mg/L as CaCO3 
Alkalinity = 119 mg/L as CaCO3 
Mg+2 Hardness = 70 mg/L as CaCO3 

pH = 9.0 

Dry weight of CaCO3 (lbs/million gallons) = 20.9 x [97.6 + 64.4 – 33.2] = 2692 lbs/million gallons 
Dry weight of Mg(OH)2 (lbs/million gallons) = 20.0 x [21.9 – 17] =  98 lbs/million gallons 
Dry weight of lime impurities (lbs/million gallons) = 752 lbs/million gallons x (100-95)/100 =  38 lbs/million gallons 
Total = 2828 lbs (dry)/million gallons 

Figure 6.1  - Dry Pounds Produced by Alternatives 1A and 3C 
Chapter 6 – Residuals Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 



Lime Softening with Free Chlorine 
Excess Lime Softening and Bypass (Enhanced 

Coagulation)  

Ca+2 Hardness = 244 mg/L as CaCO3 
Alkalinity = 308 mg/L as CaCO3 
Mg+2 Hardness = 90 mg/L as CaCO3 

Lime addition = 432 mg/L as CaCO3 

Ca+2 Hardness = 71 mg/L as CaCO3 
Alkalinity = 63 mg/L as CaCO3 
Mg+2 Hardness = 10 mg/L as CaCO3 

pH = 10.8 

Dry weight of CaCO3 (lbs/million gallons) = 20.9 x [97.6 + 242 – 40] = 6262 lbs/million gallons 
Dry weight of Mg(OH)2 (lbs/million gallons) = 20.0 x [21.9 – 2.4] =  390 lbs/million gallons 
Dry weight of lime impurities (lbs/million gallons) =  2018 lbs/million gallons x (100-95)/100 =  100 lbs/million gallons 
Total = 6752 lbs (dry)/million gallons x 0.73 = 4929 lbs/million gallons (27% bypass) + 3.56 lbs/million gallons ferric = 
4932 lbs/million gallons 

Figure 6.2 - Dry Pounds Produced by Alternatives 2B, 4B & 4C 
Chapter 6 – Residuals Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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6.3 EXISTING RESIDUALS HANDLING 
Currently McBaine WTP operates four lagoons, located directly north of the plant, which are 
used for drying water treatment residuals. Figure 6.3 shows the location of the lagoons 
relative to the treatment plant facilities as well as the physical characteristic of the lagoons. 

The lagoons receive sludge from the bottom of the eight clarifiers. McBaine WTP blows 
down the four primary clarifiers automatically in a sequential approach. Blowdown of a 
single clarifier is 600 seconds (10 minutes) in duration. At the end of one blowdown, the 
valve to the next primary clarifier opens starting the 600-second blowdown for the second 
clarifier in line. This cycle continues throughout the day, alternating between all in-service 
primary clarifiers. Sludge from the primary clarifiers, flows by gravity to the lagoons where a 
pipe and valve manifold system directs flow to the desired in-service lagoon that is 
accepting wet sludge. 

Although the infrastructure exists to blowdown the secondary clarifiers, these pipes 
experience frequent plugging. Due to the plugging problems, these basins are shut down 
bi-annually for cleaning. During cleaning, water is first drained from the top of the basin and 
then the solids remaining on the bottom are pumped to a truck, which transports the solids 
to the in-service lagoon.  

Once the in-service dewatering lagoon is full, sludge is redirected to a second (empty) 
lagoon by opening the second lagoon’s inlet valve and closing the first lagoon’s inlet valve. 
The first lagoon is isolated and allowed to dry for a period of 6-12 months. After the drying 
period, the first lagoon is emptied with front-end loaders and the dried residuals are trucked 
from the plant for ultimate disposal. Up until recently, the dried residuals were taken to a 
monofill site located directly to the north of the plant. However, this site has been shut down 
by the Missouri Department of Natural Resources (MoDNR) because the site was not 
properly permitted for monofill operations. Currently, it is unknown where the residuals will 
go for ultimate disposal or the costs associated with that disposal. 
  



Figure 6.3 - Existing Lagoons 
Chapter 6 – Residuals Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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Lagoon 
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6.3.1 Design Criteria of Existing Lagoons 

The capacity of the existing lagoons was calculated based on annual average day flow 
currently experienced at the McBaine WTP. Based on the size of the lagoons and using a 
sludge-loading rate of 95 dry lbs/sf, the storage capacity of each lagoon is approximately 
eight months of storage and drying time.  
 

Table 6.2 Existing Lagoon Characteristics 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Lagoon 
Surface Area 

(sf) 
Storage Volume 
(cubic yards)1 

Storage Capacity 
(days)2 

Lagoon 1 - 3 2.52 18,960 240 

Lagoon 4 2.41 18,250 230 
Notes
(1) Assumes a total residuals depth of 4 ft. 

: 

(2) Based on a sludge loading rate of 95 dry lbs/sf. 

 

6.3.2 State Requirements 

Chapter 4 of the Design Guide for Community Water Systems discusses water treatment 
processes. In this chapter the Missouri DNR standards require that all lagoons used for lime 
residuals storage and dewatering be designed to meet the requirements of 10 CSR 20-
8.170 (8) for sludge drying beds and shall be provided with the following: 

1. A location free from flooding or protected to a minimum of a one in ten year flood; 

2. A means of diverting surface water so that it does not flow into the lagoons; 

3. A minimum usable depth of five feet; 

4. A minimum freeboard of two feet; 

5. An adjustable decanting device; 

6. An effluent sampling point; and 

7. A method to prevent brush and weed growth on the interior slopes of the lagoon 
berms such as riprap. If rip rap is used it should have a minimum depth of 18-inches 
and extend from the toe of each berm to the top of the slope. The riprap should be 
provided in at least two layers with the first 12-inches consisting of mixed rock 2-
inches and smaller in diameter. 

8. Provide a total of at least six months of residual storage calculated on the basis of 0.7 
acre per million gallons per day per 100 milligrams per liter of hardness removed 
based on a usable lagoon depth of at least five feet; 
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9. Must have at least two storage cells in order to give flexibility in operations; and 

10. Shall be designed to produce a wastewater effluent that meets the Missouri Clean 
Water Commission effluent and water quality standards and that is satisfactory to the 
department. 

6.3.3 Deficiencies of Existing Residuals Handling 

Currently, the solids handling process at the McBaine WTP is faced with several 
challenges. There are a number of problems that have been identified for improvements 
including: 

1. Sludge lines plugging between clarifiers and lagoons 

2. Inability to properly dry sludge in lagoons: 
a. Inability to direct sludge flow to desired lagoon; 
b. Overwhelming quantities of water in sludge sent to lagoons; 
c. Inability to effectively decant lagoons; and 
d. Deficient lagoon liner integrity, possibly allowing groundwater to seep into 

lagoons. 

Problem 1, plugging of sludge pipes between the clarifiers and lagoons may be a result of 
low velocity in the pipes allowing solids to settle out and accumulate inside the pipe. Sludge 
is removed from the bottom of the clarifiers when control valves open, allowing sludge to 
flow by gravity from the clarifier to the lagoons. Sludge piping under the clarifiers is 8-inches 
for Trains 1, 2 and 3 and 12-inches for Train 4. The individual sludge pipes from each 
clarifier combine into a single pipe that increases to 12-inches in the yard, which extends 
the full distance to the lagoons. 

Currently, clarifiers are blown down sequentially such that two clarifiers are never blown 
down concurrently. Based on engineering hydraulic estimations of frictional losses and 
relative water surface elevations between the clarifiers and lagoons, the flow during each 
blow down is approximately 1,000 gallons per minute (gpm). A volumetric flow rate of 
1,000 gpm equates to a velocity of 6 feet per second (ft/sec) in the 8-inch pipe but less than 
3 ft/sec in the 12-inch pipe. As a rule, water-containing solids require a minimum velocity of 
3 ft/s to keep solids suspended and 5 ft/s is recommended. Since the 12-inch pipe does not 
maintain this minimum velocity, it is possible that solids are settling and accumulating inside 
the pipe, contributing to the plugging problems experienced at the plant. 

The second challenge to solids handling is the inability dry the residuals in the lagoons 
adequately. Other water treatment plants that conduct softening have achieved 40% to 50% 
solids after drying residuals in the lagoon for a period of one year.  
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The first problem contributing to the lack of drying in the lagoons stems from the inadequate 
control over which lagoon receives residuals from the plant. Valves in the influent piping 
manifold to the lagoons do not operate well, allowing new sludge to flow into a lagoon that 
is full and should be isolated for drying. This problem can be fixed by reconfiguring the 
influent piping and extending the valve boxes to the surface.  

The second problem prohibiting effective drying is the volume of water entering the lagoon 
with each blow down cycle. This problem is due to inadequate clarifier design and is 
detailed further in Section 3. After modifications to the clarifiers, sludge concentrations are 
anticipated to increase to approximately 2% to 4% solids (from 0.5% solids) reducing the 
volume of water entering the lagoons by more than half. Figure 6.4 illustrates this idea; at a 
sludge concentration of 0.5% solids, there are only 50,000 lbs of solids per million gallons 
(MG) of sludge entering the lagoons. If sludge concentrations were increased to the range 
of 2-4% solids, there would be 175,000 – 325,000 lbs for every million gallons of sludge. 

McBaine WTP currently produces approximately 42,000 lbs of solids per day and sends 
approximately 1.39 MG to the lagoons. Assuming clarifier improvements result in a sludge 
concentration of 2% solids, that 1.39 MG gallons in a day would be reduced to 0.26 MG, 
resulting in a decrease of 1.13 million gallons of water per day sent to the lagoons. 

Another problem hindering efficient drying is the inability to decant the lagoons in an 
effective manner. The lagoons are currently equipped with aluminum stop logs that must be 
manually removed in order to decant water from the lagoon. It is recommended that these 
stop logs be replaced with downward opening gates to facilitate decanting. These gates can 
be lowered manually from the ground surface using a hand wheel operator.  

A fourth problem identified that may impede the drying process is due to lost liner integrity. 
After years of scooping out residuals with front-end loaders, the clay liners have become 
damaged. This lining isolates the residuals inside the lagoons from the local ground water. 
The liners have been compromised in all four lagoons allowing the opportunity for 
groundwater to seep into the lagoons. It is recommended that the lagoons be lined with 
concrete and sloped downward to a common discharge point to eliminate any groundwater 
seepage and to provide a durable floor for residual removal operations. 

 

 
  



Figure 6.4 –Dry Pounds of Solids per Million Gallons versus Sludge Concentration 
Chapter 6 – Residuals Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 
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6.4 RESIDUALS DEWATERING ALTERNATIVES 
Once sludge has been removed from the water treatment process, it is collected and 
treated as part of the residuals treatment process. Lime sludge collected off the bottom of 
the clarifiers will typically contain 2 to 4% solids, after clarifier improvements are completed. 
The residuals treatment process will remove water in order to save hauling costs during 
ultimate disposal. There are several different methods available for dewatering lime 
residuals. This section describes dewatering alternatives and their viability for use at the 
McBaine WTP. These options include the following: 

1. Discharge residuals to the Missouri River with no dewatering; 

2. Passive dewatering in existing and new lagoons; and 

3. Mechanical dewatering including:  
a. Belt filter presses, 
b. Vacuum drums, or 
c. Centrifuges, 

Each of these alternatives were evaluated based on solids production and dewatering 
requirements for the year 2035 under projected average flow conditions of 37.5 mgd 
(maximum flow of 60 mgd). 

6.4.1 Belt Filter Press 

A belt filter press consists of two porous cloth media belts, which travel in an S-shape path 
over numerous rollers of varying pressure to continuously dewater thickened residuals 
through a combination of gravity draining and mechanical pressure. 

To dewater the lime-based residuals from McBaine WTP effectively, the belt filter press 
requires polymer addition for residuals conditioning as well as upgraded belt fabric. Polymer 
consumption can range from 8 to 16 pounds per dry ton of residuals. The lime-based 
residuals have a high pH, which requires a specialty polymer. In addition, the belt press will 
require an upgraded belt fabric to accommodate the high-pH lime residuals. The upgraded 
belt material is approximately three times more costly than standard belts and has a 
reduced working life. 

The conditioned residuals are evenly fed to the gravity drainage (horizontal) portion of the 
belt filter press. After a portion of the filtrate water is drained, the conditioned residuals 
enter the zone of compaction. The rollers and belts compress the conditioned residuals for 
further dewatering. The dewatered residuals are discharged from the belt filter press onto a 
conveyor for disposal, or further drying. Booster pumps provide plant water to a spray-wash 
system, which cleans any residuals left on the belts to maintain porosity through the belt. 
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Under this alternative, the filtrate and wash water are collected and discharged to the 
lagoons or recycled to the head of the plant. The dewatered cake is discharged into a 
stainless steel hopper and conveyed into trucks via conveyor belts. 

The belt filter press is not a practical option for McBaine WTP primarily due to the large 
quantities of wash water and polymer required to produce dry cake. Cake dryness using the 
belt filter press is typically 25 to 30 percent, which is 15 to 25 percent lower than other 
mechanical dewatering technologies. These differences result in significantly higher hauling 
and operation costs than the alternative technologies. 

In summary, the belt filter press is not considered a viable alternative for McBaine WTP 
because of the following: 

• Polymer is not optional, but required continuously while operating 

• High O&M cost (polymer and belts) 

• High handling costs (reduced cake dryness) 

• High wear potential from grit 

• Significant quantity of wash water consumption and disposal 

6.4.2 Vacuum Filter Drums 

A vacuum filter drum consists of a large porous cloth media belt that travels around a 
vacuum manifold inside of a drum. The wet solids contact the cloth belt at the bottom of the 
drum where the vacuum draws the solids onto the belt. As the belt travels around the 
vacuum manifold, water is drawn from the solids through the cloth belt and into the vacuum 
manifold. After traveling around the vacuum manifold, the dewatered residuals fall off the 
belt into a hopper on the opposite side of the drum. As the belt travels around to enter the 
drum again, spray water is applied to maintain porosity of the cloth belt. 

Similar to the belt filter press, the vacuum filter drum also requires polymer addition for 
residuals conditioning as well as upgraded belt fabric to provide longer life in the caustic 
environment created by the lime residuals. 

The vacuum filter drum dewatering typically achieves 20 to 40 percent solids, however to 
attain the upper limit of this range, large quantities of wash water and polymer are required 
resulting in large chemical costs. Due to the quantity of chemical and wash water required, 
these units are best suited for smaller scale operations; the number of units needed to 
dewater quantity of residuals produced by McBaine WTP makes this technology unrealistic. 
  



 

December 2012 – FINAL 6-13 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 6 

In summary, the vacuum drum filter is not considered a viable alternative for McBaine WTP 
because of the following: 

• Quantity of residuals produced is too large for vacuum drums to process 

• Polymer is not optional, but required continuously while operating 

• High O&M cost (coagulant, belts and operating vacuum) 

• High wear potential from grit 

• Significant quantity of wash water consumption and disposal 

6.4.3 Centrifuges 

Centrifuges employ centrifugal force instead of pressure to dewater the residuals. The 
centrifugal force is generated within the centrifuge by rotating a “bowl” or cast metal tube at 
high speed. The thickened residuals are pumped into the centrifuge where they are 
subjected to high centrifugal forces that separate the solids from the liquids. The separated 
water (centrate) flows over a dam and is discharged at one end of the centrifuge, while the 
dewatered residuals (cake solids) are moved forward by a rotating scroll and are deposited 
on the elongated beach area in the bowl where they are further augured to the solids 
discharge port. The scroll and the corresponding drive system is the heart of the centrifuge. 
Obtaining and sustaining consistent cake solids requires a scroll drive that can quickly 
respond to changes in the residuals characteristics by making smooth, subtle changes to 
the scroll speed. The scroll drive is typically either an electric motor that can be controlled 
by a Variable Frequency Drive (VFD) or a hydraulic back drive system. 

The residuals are typically pumped directly into the center of the centrifuge. After the water 
is removed, the dewatered residuals are gravity-discharged below the centrifuge into a 
hopper. The hopper acts as a large collection and storage bin until the dewatered residuals 
are unloaded into a truck. The liquid centrate is typically collected in a vortex section of 
drain piping to assist in air removal and discharged into the sewer system, lagoons or head 
of plant. 

As mentioned above, residuals are typically thickened prior to centrifuge dewatering. An 
efficient, low-energy method of accomplishing residuals thickening is by gravity thickening. 
For McBaine WTP, gravity thickening is recommended as part of the centrifuge dewatering 
alternative to maximize the centrifuge’s dewatering efficiency. Under this alternative, sludge 
from the bottom of the clarifiers would flow by gravity to the gravity thickeners. Two gravity 
thickeners are recommended to provide operational flexibility and some storage capacity 
when centrifuges are not operating. In addition to the storage capacity in the thickeners, a 
portion of Lagoon 2 will also serve as wet sludge storage to provide operational flexibility 
during maintenance or plant upsets.  
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Influent sludge to the gravity thickeners will be approximately 2 - 4% solids and 1,000 gpm. 
For lime residuals, gravity thickeners will typically achieve 10-15% solids in the thickened 
sludge underflow. Centrifuge feed pumps pump the thickened sludge from the bottom of the 
thickener to the centrifuges. It is anticipated that the centrifuges will achieve a product cake 
dryness of approximately 55% - 65% solids with minimal polymer addition. Produce dry 
cake from the centrifuges will drop into a hopper while the liquid, centrate, will be piped to 
connect to the existing lagoon decant pipe that will feed decant water and centrate to the 
wash water tank where it can be reintroduced for treatment at the head of the plant. Figure 
6.5 provides a flow schematic of the gravity thickening and centrifuge dewatering process 
described above. 

6.4.3.1 

Tables 6.3 outlines the design criteria for the gravity thickeners Table 6.4 summarize the 
design criteria for the centrifuges. 

Design Criteria 

 
Table 6.3 Gravity Thickener Design Criteria 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description 
Current Average 

Product Production 
Future Average 

Product Production 

Operating Information  

No of Units Operating 2 2 

Influent Solids Characteristics  

Flow Rate (mgd) 0.13 - 0.26 (1) 0.33 - 0.66 (1) 

Concentration (% Solids) 2 - 4%(2) 2 - 4%(2) 

Expected Underflow Characteristics   

Underflow Concentration 10-15% 10-15% 

 Approx. Sludge Bulk Density (lb/cuft) 69 69 

Average Centrate flow rate (2) (gpm) 180 450 

Thickener Design  

Thickener Diameter (ft) 65  65  

Side Water Depth (ft) 12 12 

 Drive (hp) 0.75 0.75 

Drive Torque ft-lbs 65,000 continuous 65,000 continuous 
Notes
(1) Anticipated sludge flow after clarifier improvements 

: 

(2) Anticipated sludge blowdown concentration after clarifier improvements. 
 
  



Figure 6.5 – Centrifuge Dewatering Process Schematic 
Chapter 6- Residuals Alternatives Evaluation 
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Table 6.4 Decanter Centrifuge Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description 
Current Average Product 

Production 
Future Average Product 

Production 

Operating Information  

No of Units Operating 1 2 

No of Units Standby 0 0 

Operating Period 5 days/wk - 6 hr/day 5 days/wk - 6 hr/day 

Influent Solids Characteristics  

Production Rate(1) (dry lb/day) 42,000  110,300 

Concentration 10-15% 10-15% 

Expected Effluent Characteristics   

Solids Capture 95-97% 95-97% 

Product Cake Solids 55-65% 55 -65% 

Product Cake Bulk Density (lb/cuft) 90 90 

Average Centrate flow rate (2) (gpm) 187 465 

Centrifuge Design  

Centrifuge Influent Flowrate (gpm) 450 450 

Centrifuge dimensions (LxWxH) 21.5 ft x 6.0 ft x 7.2 ft 21.5 ft x 6.0 ft x 7.2 ft 

Anionic Polymer Dose (lb/dry ton)  4 4 
Notes
(1) Solids Production shown is based on average day annual flow. 

: 

(2) Centrate flow is calculated based on a dewatered cake dryness of 50% solids. 

 

6.4.3.2 

Significant changes to the existing Lagoons are required to implement this dewatering 
option. It is proposed that Lagoon 1 be removed to make space for the gravity thickeners, 
the centrifuge building and dry cake loading area. Half of Lagoon 2 would continue being 
used as a wet sludge storage area while the other half would house a new Maintenance 
Facility for conducting maintenance on pumps, centrifuges and other plant equipment. 
Lagoons 3 and 4 could be used for dry cake storage as required until dry cake could be 
loaded for ultimate disposal. In addition to constructing the new facilities, a flood wall would 
need to be extended around Lagoons 1 and 2 to protect the facilities and equipment from 
the 100-year flood.  

Layout 
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6.4.4 Lagoons 

Dewatering passively utilizing lagoons is an efficient method for dewatering residuals. Many 
softening plants in the area have good success using this approach, achieving a dry cake of 
40 to 50% solids. To use lagoons effectively, the lagoons must be cycled. While one lagoon 
is accepting sludge from the plant, a second lagoon is offline drying, a third is being 
emptied, and a four lagoon is empty and ready to start accepting sludge. If lagoon capacity 
is limited, the fourth lagoon is not required; however, it does provide a buffer if residuals 
removal is late or the plant experiences an upset and needs additional sludge storage. 

The primary disadvantages to lagoon dewatering are the large land requirements needed 
and the long period required to achieve dry cake. Since this technique relies upon 
decanting the liquid layer from the top of the sludge, drying takes several months and it is 
recommended to have a full year of storage in each lagoon.  

6.4.4.1 

Table 6.5 provides design criteria for the construction of two new lagoons. The first column 
summarizes the existing 4 lagoons and the second column describes the proposed two new 
lagoons. Each new lagoon is sized to provide a full year of solids storage at the future 
average day flow of approximately 37.5 mgd. 

Design Criteria 

 

Table 6.5 Lagoon Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description 
Current Average Flow 

(15 mgd) 
Future Average Flow 

(37.5 mgd) 
Number 4 (existing) 2 new  

Solids Production (dry lbs/day) 42,000 110,300 

Surface Area/lagoon (ft2) 110,000 314,440 

Residuals Depth (ft) 4 4 

Volume/ lagoon (ft3) 512,000 1,257,750 

Solids Loading Rate (lbs/ ft2) 95 95 

Storage Capacity/ lagoon (days) 240 365 
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6.4.4.2 

The existing plant site does not accommodate constructing new lagoons of the proposed 
size. Land topography to the east consists of a sloped wooded area. Land to the west of 
the creek is relatively flat and clear. This area is proposed for construction of two additional 
lagoons. Because of the distance, sludge would need to be pumped to the new lagoons. 
The new pump station proposed under this alternative would be located within the existing 
floodwall, near the existing Lime Silo. Sludge from the clarifiers would flow by gravity into 
the wet well of the new pump station and the pump station discharge header would be 
valved so that sludge could be directed to any of the new or existing lagoons. 

Layout 

Figure 6.7 shows a proposed plant layout of the plant for dewatering residuals by adding 
new lagoon capacity. 

6.4.5 Discharge to Missouri River 

The Missouri Clean Water Commission regulation 10 CSR 20-7.015 states that the 
suspended solids present in the water and are removed during treatment and any 
suspended solids resulting from the treatment of the water may be discharged to the 
Missouri River or the Mississippi River if the raw water source is obtained from the Rivers or 
alluvial wells along the river.  

Because it has primacy, the MoDNR issues the NPDES permits for these discharges to the 
Missouri and Mississippi Rivers. Current discharge of lime residuals to the Missouri River 
include several utilities, all of which are operating under expired permits for discharge. 
Although MoDNR has approved the renewal of the NPDES permits, the US EPA Region VII 
utilized its authority to reject these permits; however, these utilities are continuing to 
discharge but are discharging without permits until this situation is resolved. 

Discussions with the Water Commission, indicate that discharge permits may be renewed 
but with more stringent pH requirements. How the pH requirements shall be enforced has 
not been determined; however, other recently issued permits for plant discharging to the 
Missouri River have limited the range from 6 to 10.5 s.u at the point of dicharge. Lime 
discharges may be regulated at the end of the pipe, requiring pH depression prior to 
discharge into the river, or the State may regulate pH at the end of a mixing zone. If pH 
were regulated at the end of pipe, significant acid feed to may be required which would 
quickly render this alternative unrealistic based on the quantity of acid that could be 
required. However, if the DNR regulates at the end of a mixing zone, acid addition may not 
be needed and the alternative would be very economical. Based upon correspondence with 
the plant operators, the pH of the residuals vary from 9.8 to 10.4 indicating that acid may 
not be required in Columbia’s case.  
  



Figure 6.7– Lagoon  Dewatering Process Schematic 
Chapter 6- Residuals Alternatives Evaluation 
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6.4.5.1 

Table 6.6 outlines the design criteria used to develop the alternative for discharging solids 
to the Missouri River. 

Design Criteria 

 

Table 6.6 Solids Discharge to River Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description 
Current Average 

Flow 
Future Average 

Flow 
Sludge Production (mgd) 0.17 0.44 

Discharge Pumps (Number) 3 (2 duty, 1 standby) 3 (2 duty, 1 standby) 

Pump Type Horizontal 
Centrifugal 

Horizontal 
Centrifugal 

Percent Solids (%) 2% - 4% 2% - 4% 

Pump Flow Rate (gpm) 1,500 1,500 

Head (ft) (1) 220 220 

Power (hp) 125 125 
Notes
(1)  Headloss to pump solids to river is approximated based on an assumed 
pipeline route to river. 

: 

 

6.4.5.2 

The new residuals pump station could be located within the existing plant flood wall, near 
the existing Lime Silo. Sludge from the clarifiers would flow by gravity into the wetwell of the 
new pump station. The wetwell would be sized to hold approximately two and a half clarifier 
blowdowns to provide operational flexibility, as well as to provide a minimum 15 minute 
pump on/off cycle with two pumps operating. The residuals pump station would discharge 
into one of two 8-inch pipelines leading to the river. Two pipelines are recommended to 
balance high headloss versus minimum flow velocity inside the pipe. During low flow, when 
one pump is operating, only one pipeline may be used. During times when two pumps are 
operating, both pipelines may be used. Figure 6.10 shows a proposed plant layout for this 
alternative and Figure 6.11 shows a proposed pipeline routing to the river. 

Layout 
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Figure 6.9– Process Flow Diagram 
Chapter 6- Residuals Alternatives Evaluation 
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6.4.6 Comparison of Alternatives 

Table 6.7 provides a summary of the non-economic advantages and disadvantages of each 
dewatering alternative. 
 

Table 6.7 Comparison of Dewatering Alternatives 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Advantages Disadvantages 
Discharge to Missouri 
River 

• Simple technology. 
• Small footprint. 
• Only one new pump 

station (located within 
existing flood wall). 
 

• Future of NPDES permitting 
is under dispute and could 
be risky 

• Long pipeline route to river  
• Must obtain rights of way 

New Additional 
Lagoons 

• Simple technology. 
• Less energy required 

 

• Large footprint 
• Two new pump stations with 

facilities across the street 
and across the creek. 
 

Centrifuges 
(Andritz, Alfa Laval, 
Westfalia) 

• Proven technology. 
• Higher percent solids. 
• Small footprint. 
• Less moving parts. 
• Totally enclosed. 

• Energy intensive 
• New flood wall required 

around new facilities 
• Maintenance can be costly 

and require extended 
outage. 

6.4.7 Comparison of Alternative Costs 

The three alternatives, discharge to river, lagoon dewatering and centrifuge dewatering 
were all evaluated based on capital cost, operating cost, and present value costs. 
Figure 6.12 presents operating costs for each alternative. As expected lagoon dewatering, 
which is accomplished passively is has the lowest operating costs. However, because the 
new lagoons would be located across the stream and approximately a third of a mile away, 
pumping would be required for this alternative. The energy consumed in pumping lessens 
the advantage this alternative can offer. Even so, the energy costs associated with pumping 
to the river and operating a centrifuge for dewatering are both significantly higher in 
operating costs than pumping to the lagoons. Discharging to the river means pumping 
approximately 2 miles with significant headloss requiring large pumps and high usage. 
Pumping to the Missouri River is the highest operating cost of the three alternatives with 
centrifuge dewatering following closely behind. 
  



6.12 - Dewatering Operating Costs 
Chapter 6 – Residuals Alternative Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

$0 

$5,000 

$10,000 

$15,000 

$20,000 

$25,000 

$30,000 

River Disposal Centrifuge Lagoons 



 

December 2012 – FINAL 6-28 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 6 

Figure 6.13 presents capital and present worth costs. In comparison to operating costs, the 
capital costs are very high. Discharging residuals to the Missouri River is the lowest present 
worth cost; however, this alternative also holds the highest degree of risk as this alternative 
requires a significant capital investment associated with constructing a new pump station 
and new long pipeline system from the treatment plant to the river. The long-term future of 
obtaining and maintaining a discharge permit is unclear and thus may not be worth the 
capital investment. 

6.5 RESIDUALS DISPOSAL 
In the past, the McBaine WTP disposed of lime residual at a monofill site located 
immediately north of the treatment plant, just north of Lagoons 1 – 4. However, this site was 
not properly permitted and the State has subsequently shut down the site for monofill 
operations. As such, McBaine WTP must determine where to dispose of the solids 
produced today, as well as plan for future additional solids production when the plant 
capacity is expanded. 

Several disposal alternatives are discussed in this section. Disposal alternatives available 
to McBaine WTP include: 

1. Discharge residuals to the Missouri River with little to no dewatering; 

2. Offsite monofill at Goat Ranch property; 

3. Municipal landfill; 

4. Land application; 

5. Recalcination; and 

6. Flue-gas desulfurization 

The last two alternatives were eliminated from further evaluation due to very high capital 
and O&M costs. 

As stated previously, current average day solids production is approximately 43,000 dry lbs/ 
day. When the plant is expanded to 60 mgd, average day production will be approximately 
110,300 dry lbs/day assuming current softening practices. Of the three residuals dewatering 
alternatives discussed above, only centrifuge dewatering and lagoon dewatering require 
disposal since discharging to the Missouri River is also a disposal alternative. However, 
centrifuge dewatering produces a drier cake than lagoon dewatering and will require fewer 
truckloads to remove from the plant site. Table 6.8 provides a summary of anticipated cake 
production resulting from each alternative and associated truck loads required to remove 
the product dry cake. 
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Table 6.8 Estimated Residuals Generation 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description 
Centrifuge 
Dewatering Lagoon Dewatering 

Residuals Produced (1) (dry lbs/day) 110,300 110,300 

Dry Cake (% Solids) 60 50 

Cake Produced (ton/yr) 33,550  40,260 

Truck Capacity (2) (ton/truck) 12 12 

Truck Loads (Number/year) 2,796 3,355 
Notes
(1) Assumes existing lime softening treatment process. Solids production based on ADAF 

projections for 2035 at a plant capacity of 60 mgd capacity. 

: 

(2) Truck load legal limit. 

6.5.1 Landfill 

This alternative consists of hauling dewatered residuals from McBaine WTP to the City of 
Columbia municipal landfill. The City landfill was contacted to determine if they would 
accept lime residuals. The landfill will accept lime residuals on the following conditions: 

1. Residuals must pass the toxicity characteristic leaching procedure (TCLP) test as 
under Resource Conservation and Recovery Act (RCRA) requirements; and 

2. Residuals must pass the paint filter test. 

Generally, residuals cake must be dried to at least 20% solids to pass the paint filter test. At 
this time, it is unknown if the lime residuals would pass toxicity tests. Further testing is 
required to make this determination. The TCLP test is used as a method to determine 
toxicity in a solid waste. Residuals from the water treatment process must pass the TCLP 
test to classify as non-toxic and thus qualify for disposal to landfill. If the residuals pass the 
TCLP test, they are deemed non-toxic and are regulated under RCRA Subtitle D. If the 
residuals fail the TCLP test, they must be handled as a toxic substance and are regulated 
under RCRA Subtitle C and the Toxic Substances Control Act (TSCA).Table 6.9 provide a 
list of metal constituents that are measured in the TCLP test and their regulatory threshold 
levels. 
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Table 6.9 TCLP Constituents and Regulatory Levels 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units 
Regulatory Threshold 

 
Arsenic mg/L 5.0 

Barium mg/L 100.0 

Cadmium mg/L 1.0 

Chromium mg/L 5.0 

Lead mg/L 5.0 

Mercury mg/L 0.2 

Selenium mg/L 1.0 

Silver mg/L 5.0 

 

Assuming that the McBaine WTP residuals pass the TLCP test and the paint filter test, 
there are several advantages to disposing of residuals at a municipal landfill. These 
advantages include: 

• No capital investment required to implement landfill disposal. 

• Landfill O&M conducted by municipal landfill personnel. District staffing and training is 
not required. 

Some disadvantages of disposing in a municipal landfill include: 

• Risk of shared liability in a municipal landfill. 

• Must pay tipping fees 

6.5.1.1 

Assuming that the residuals are capable of passing the toxicity test, Table 6.10 provides a 
summary of costs associated with this alternative. 

Municipal Landfill Disposal Costs 
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Table 6.10 Municipal Landfill Disposal Costs 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units 
Centrifuge 
Dewatering 

Lagoon 
Dewatering 

Solids Production  Dry lbs/yr 110,300 110,300 

Cake Solids (1)  Wet tons/year 33,550 40,260 

Hauling Cost $/ truck 105 105 

Total Hauling Cost $ /yr 293,559 352,270 

Tipping Fee $/ton 37.50 37.50 

Total Tipping Cost $/yr 1,258,125 1,509,750 

Total Yearly Cost(2) $/yr 1,551,684 1,862,020 
Notes
(1) Assumes existing lime softening treatment process. Solids production based on ADAF 

projections for 2035 at a plant capacity of 60 mgd capacity.  

: 

(2) Total yearly cost does not include labor for loading residuals onto truck, fuel costs, or 
equipment cost. 

 

6.5.2 Land Application 

Lime sludge has been applied in many farming regions to raise the soil pH after application 
of nitrogen fertilizers. A study sponsored by AWWA showed that lime sludge provides the 
same or better neutralizing value as commercially available limestone. The total neutralizing 
power (TNP) of lime sludge from several lime softening plants was found to range from 92 
to 100, while the TNP from liming materials available for farmers varies from 60 to 90.  

Lime sludge can be applied to farmlands by spraying liquid sludge or by spreading and 
tilling dewatered sludge. Transportation cost of liquid sludge is frequently a limiting factor 
for its land application. Dewatered sludge is easier to haul to the application area, but need 
more labor to spread. 

In either case, land application of lime sludge is seasonal and the availability of farmland 
cultivating different types of crops should be available for a long-term cost-effective disposal 
method. Therefore, any dewatering alternative proposed will require the use of existing on-
site lagoons as storage while waiting for the land application season.  

As with landfill option, the sludge must pass toxicity tests to be eligible for land application. 
In addition to toxicity tests, federal and state regulations require that residuals meet certain 
quality for land application. The primary concern for lime residuals quality is that they do not 
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contain excessive concentrations of metals. Table 6.11 provides a summary of maximum 
metals concentrations for land applying residuals per 40 CFR 503. 
 

Table 6.11 Land Application Ceiling Concentration (1) 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units Ceiling Concentration  
Arsenic mg/kg dry weight 75 

Cadmium mg/kg dry weight 85 

Chromium mg/kg dry weight 3,000 

Copper mg/kg dry weight 4,300 

Lead mg/kg dry weight 840 

Mercury mg/kg dry weight 57 

Molybdenum mg/kg dry weight 75 

Nickel mg/kg dry weight 420 

Selenium mg/kg dry weight 100 

Zinc mg/kg dry weight 7,500 
Notes
(1) Concentration-based limits (40 CFR 503 and Missouri Department of Natural 

Resources, Permit Standard Conditions Part IV, June 1993.) 

: 

 

Land application has several advantages including: 

• Public perception of being environmentally responsible  

• No tipping fee associated  

• No capital investment to implement 

• Although not recommended due to a considerable cost differential, residuals may be 
applied as a liquid. 

Land application has disadvantages also. These include: 

• Cannot land apply during winter when land is frozen. Plant must maintain temporary 
cake storage during winter months. 

• Possible limitations to application locations based on metals content of residuals. 
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6.5.2.1 

Merrell Brothers was contacted to discuss pricing and interest in hauling McBaine WTP 
residuals. Discussions with Merrell Brothers indicated that they would be interested and 
provided budgetary pricing of $50.00 per ton to haul and land apply residuals assuming that 
land appication could be done within a 20-mile radius of the treatment plant. Table 6.12 
presents disposal costs for land applying residuals near the McBaine WTP. The hauling 
cost assumes residuals could be land applied within a 20-mile radius of the plant.  

Land Application Disposal Costs 

 

Table 6.12 Disposal to Land Application Costs 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units 
Centrifuge 
Dewatering 

Lagoon 
Dewatering 

Solids Production  Dry lbs/day 110,300 110,300 

Cake Solids (1)  Wet tons/year 33,550 40,260 

Hauling/Application Cost $/ wet ton 52.5 52.5 

Total Hauling Cost $ /yr 1,762,000 2,114,000 

Total Cost (2) $ /yr 1,675,000 2,000,000 
Notes
(1) The hauling cost of $52.5/ wet ton assumes residuals will be land applied in a location 

within a 20-mile radius of the McBaine WTP. 

: 

(2) Total cost does not include labor, fuel, or equipment costs required to load residuals onto 
truck for hauling. 

 

6.5.3 Permitted Off-Site Monofill 

Another option available to McBaine WTP is to haul dewatered residuals to an offsite 
monofill site. Monofills are structures solely dedicated to the disposal of WTP residuals and 
not other municipal solids wastes. In the State of Missouri, monofills are regulated similar to 
landfills and may require liners, leachate collection systems, storm water, control measures 
and proactive monitoring and protection of local groundwater.  

The monofill option consists of transporting dried solids to a new monofill site that would be 
constructed on property owned by Columbia Water and Light called Goat Ranch. The 
property is 20 miles away from the plant and includes approximately 500 acres of 
undeveloped land parts of which have been subject to strip mining.  

To implement this option, the site would need to be permitted though the Missouri DNR, 
and developed into a monofill site. Construction of a new monofill site requires a Solid 
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Waste Disposal Area Construction Permit that is issued by the Missouri DNR. The permit 
application process requires the following major activities: 

• Obtain a site geologic and hydrologic approval from Division of Geology and Land 
Survey; 

• Develop design and operating plans and specifications; 

• Demonstrate compliance with all applicable local planning and zoning requirements; 

• Develop closure financial assurance instrument; and  

• Provide history of past environmental violations.  

In addition to the above requirements, a water pollution permit is required and an air 
pollution permit may be required. The Missouri DNR charges a base application fee of 
$2,000 that can increase to a maximum of $8,000. The DNR typically requires 12 months to 
review and process monofill permit applications. In additional to DNR review requirements, 
a 30-day public notice and comment period is required before the site can be approved for 
construction.  

After the initial construction permit is granted, the monofill site will need to obtain a Solid 
Waste Disposal Area Operating Permit however, there is no fee associated with this permit. 
Advantages of disposing residuals at a monofill site include the following: 

• District controls the entire residuals management process 

• City owns “Goat Ranch” land for construction of a monofill  

• District is aware of all materials entering the monofill (no risk of shared liability as in 
municipal landfills) 

• Technologically not complex 

• No tipping fees 

Disadvantages of disposing residuals at a monofill site include the following: 

• Structural characterization of the residual is unknown and may have a significant 
impact on the type of monofill. 

• Significant capital cost may be require for the design, permitting and construction of a 
monofill 

• Significant operational costs involved including: monofill labor and supervision, 
maintenance labor, intermediate cover, groundwater monitoring, leachate collection 
system, water and power. 

  



Figure 6.14 – Monofill Timeline (From Missouri DNR) 
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6.5.3.1 

There are two major types of residuals monofilling methods: trench filling and area filling. 
The method selection is determined by residuals solids content, residuals stability, site 
hydrogeology, ground slope and land availability, It is advisable to characterize the 
residuals to determine stability and bearing capacity. The specific tests that can be used to 
establish the general physical properties include grain size analysis, Atterberg limits, 
density, specific gravity, solids concentration, and compaction. The type of monofill 
construction is typically determined be the residuals solids content, its stability properties, 
site hydrogeology, ground slope and land availability.  

Design Criteria 

To develop a budgetary cost for constructing a new monofill site, it was assumed that the 
final cake quality was high in solids (at least 50%) and created a stable cake (able to bear 
large equipment) such that the residuals could be disposed by area monofill. Further, it was 
assumed that the City’s Goat Ranch property was amenable to area monofilling. Table 6.13 
provides some primary design criteria and cost for constructing a new monofill site. 
 

Table 6.13 Monofill Design Criteria 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units Monofill  
Life Cycle yrs 25 
Monofill Type -- Area monofill with berms around area 
Area Requirement  Acres 10 
Storage Volume  Acre-ft 181 
Monofill Liner -- Required 
Leachate Collection Pond gal 950,000 
Site/Civil Work $ 2,206,000 
Structural $ 420,000 
Equipment $ 45,000 
Process/Mechanical $ 30,000 
El&C $ 30,000 
SubTotal $ 2,731,000 
Contingency (25%) $ 683,000 
Subtotal $ 3,414,000 
Engineering/Admin (15%) $ 568,000 
Total (3) $ 4,200,000 
Notes
(1) Leachate Collection Pond sized to hold 100-yr rainfall of 1-hour duration 

: 

(2) Total cost does not include labor, fuel, or equipment costs required to load residuals onto truck for hauling. 
(3) Cost for design and construction of a new monofill is budgetary only. Cost may be refined further as project 

is better defined. 
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Table 6.14 presents a summary of residuals disposal costs assuming the city operates a 
monofill sight. The disposal costs presented do not include operations and maintenance 
costs associated with operating a monofill. Such costs include a salary to operate the 
facility, to buy and maintain earth-moving equipment, to conduct groundwater monitoring, 
and to monitor the leachate collection, etc. 
 
 

Table 6.14 Disposal to Monofill Costs 
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units 
Centrifuge 
Dewatering 

Lagoon 
Dewatering 

Solids Production  Dry lbs/yr 110,300 110,300 

Cake Solids (1)  Wet tons/year 33,550 40,260 

Hauling Cost $/ truck 105 105 

Total Hauling Cost $ /yr 293,559 352,270 

Total Yearly Cost(2) $/yr 293,559 352,270 
Notes
(1) The hauling cost of $300/ wet ton assumes that residuals will be land applied in a 

location within a 20-mile radius of the McBaine WTP. 

: 

(2) Total cost does not include labor, fuel, or equipment costs required to load residuals 
onto truck for hauling. Total yearly cost also does not include cost to operate the new 
monofill facility and oversight of daily monofill operations. 

 

6.5.4 Discharge to Missouri 

As described in Section 6.1.3.5 this alternative includes pumping solids from the clarifiers to 
the Missouri River for disposal. See Section 6.1.3.5 for additional information. Advantages 
of river disposal include: 

• No need to dewater residuals. 

• Requires construction of just one pump station at treatment plant. 

• Technologically not complex 

• No tipping fees 

• Capacity to dispose of 100 percent of residuals 
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Disadvantages of river disposal include: 

• Significant risk since discharge permits are under dispute between EPA and State of 
MoDNR. 

• Significant capital cost associated with installation of new 2-mile long pipeline and 
right of way to Missouri River. 

• Significant O&M pumping cost to pump residuals to river. 

Table 6.15 provides a summary of operating costs required for solids discharge to the 
Missouri River. 

 

Table 6.15 Solids Discharge to Missouri River  
McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

Description Units Quantity 
Construct Residuals Pump 
Station  $ 4,342,000 

Annual Energy Cost $ 26,600 
Note
(1) Energy cost assumes $0.07/kw-hr and pumps sized at 125 hp. Energy cost was 

calculated based on one pump operating 100% of the time and a second pump 
operating 50% of the time. 

: 

 

6.5.5 Comparison of Residuals Disposal Costs 

Four residuals disposal alternatives were discussed above including: 

• Missouri River 

• Municipal landfill 

• Land application 

• Monofill 
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Operational costs were developed for each disposal alternative. Figure 6.15 presents and 
compares the operational costs for each alternative. Note that the solids discharge to the 
river operational costs were already presented under dewatering (Figure 6.12). This 
operational cost is presented here is not a second operational cost but is presented again 
only for comparison purposes. Land application hauling and disposal operational costs are 
largest, followed by the municipal landfill costs. The monofill cost is much lower than the 
land application and municipal landfill costs however it is important to note that the 
operational cost presented does not include important monofill facility operational costs 
such as salary to operate the monofill site, earth-moving equipment purchase and 
maintenance, leachate system upkeep, groundwater monitoring, and general 
recordkeeping. 

Figure 6.16 presents capital and present worth costs for each residuals disposal method. 
Only the monofill and discharge to river alternatives require capital investment. The other 
two disposal alternatives can be accomplished by hiring contracted haulers. Despite the 
initial capital investment necessary to construct a new monofill site, monofilling offers is the 
lowest present worth cost. 
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6.16 - Disposal Capital and Present Worth Costs 
Chapter 6 – Residuals Alternatives Evaluation 

McBaine Water Treatment Plant Preliminary Design Report 
Columbia Water and Light 

$0 

$5,000,000 

$10,000,000 

$15,000,000 

$20,000,000 

$25,000,000 

River Disposal Municipal Landfill Land Apply Monofill 

Capital Cost  Present Worth Cost 



 

December 2012 – FINAL 7-1 
pw:\\Client\MO\Columbia\8407A00\Deliverables\Chapter 7_ 

Chapter 7- Recommendations 

MCBAINE WTP PRELIMAINRY DESIGN REPORT 
 

7.1 MCBAINE WTP EXPANSION 

7.1.1 Recommended Alternative 

Figure 7.1 provides a graphic representation of Alternative 1A, the recommended treatment 
process for the McBaine WTP. Alternatives development, evaluation, and selection began 
with the establishment of the decision-making methodology. This included confirmation of 
the decision to be made, evaluation, and selection of decision analysis software tool, 
development of evaluation criteria and associated weighting, and scoring of the alternatives 
according to the established criteria. Preliminary base and supplemental treatment process 
alternatives were identified following agreement by the project team on the evaluation 
criteria and weighting. The established decision-making process considered 3 primary 
criteria, 13 sub-criteria, and incorporated relative cost comparisons. 

Following identification of these alternatives, bench scale and desktop analysis were 
performed to clarify knowledge gaps prior to a final alternatives analysis and selection. 
Figure 7.2 presents a summary of the alternative with respect to ratio of the non economic 
score and estimated life cycle costs. As indicated by this figure, Alternative 1A provides the 
best cost/benefit ratio. The reasoning for these recommendations is as follows: 

7.1.2 Highly Uncertain Regulatory Status and Health Effects Regarding 
Contaminants of Emerging Concern: 

Contaminants of emerging concern (CECs) are a diverse group of relatively unmonitored 
and/or unregulated chemicals whose potential to impact beneficial uses of water resources 
in Missouri is largely unknown. Pharmaceuticals and personal care products (PPCPs), 
current use pesticides, and industrial compounds (e.g., halogenated organic compounds, 
siloxanes, etc.) constitute the majority of chemical types that are commonly considered 
CECs, primarily due to their high volume use and potential for biological activity in non-
target species (Kidd et al.,2007) and the increasing number of studies that report their 
occurrence in drinking water sources (Benotti et al., 2009) and natural aquatic 
environments (Bay, 2008). 

Approximately 100,000 chemicals have been registered for use in the United States over 
the past 30 years, which include the substances listed in the United States Environmental  
  



Figure  7.1 Recommended Treatment Alternative (1A) 
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Figure  7.2 Relative Cost/Benefit Ratios of Shortlisted 
Alternatives 
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Protection Agency (USEPA) Toxic Substances Control Act inventory [industrial chemicals 
(~82,000), food additives and cosmetics ingredients (~9,000), pharmaceuticals (~1,000), 
and pesticides (~1,000 active ingredients); Muir and Howard, 2006; Fig. 1]. Between 2002 
and 2005, there was an 80% increase in the volume of chemicals produced or imported in 
the United States, with the total volume estimated at 27 trillion pounds (Wilson and 
Schwarzman, 2009). 

Further increases are anticipated, as global chemical production is expected to increase at 
a rate of 3% per year (Wilson and Schwarzman, 2009). In contrast to the staggering 
number of chemicals in use, the scientific communities’ means to measure trace levels of 
CECs in the environment is currently limited to several hundred individual analytes. This 
limited pool of analytical methods restricts the ability of researchers to accurately describe 
CEC occurrence and, most importantly, impacts on human health from long-term exposure 
in drinking water. 

The current chemical-specific risk assessment approach utilized by USEPA to determine 
what compounds should be regulated and the acceptable limits for these compounds in 
drinking water supplies is neither feasible nor cost-effective for prioritizing and managing 
the vast majority of CECs.  There are 129 priority chemicals currently regulated by the 
USEPA under the Safe Drinking Water Act and Clean Water Act, but tens of thousands of 
CECs exist that may potentially require assessment to ensure their impacts to human and 
ecological health are minimal. As a result, there is currently a debate within the scientific 
community whether the current paradigm is feasible given the extreme data gaps regarding 
human health impacts from exposure to such minute levels for most CECs and there are 
limited resources available to fill these gaps. Some in the scientific community have 
recommended taking the approach to regulate specific groups of CEC’s and assign the 
monitoring of “surrogate” parameters for the regulatory limits and monitoring requirements. 
However, this approach is fundamentally so different from the traditional regulatory 
framework that significant legal and legislative challenges will have to be overcome to 
realize this approach. 

Therefore, specific regulations for CEC’s, if any, are likely many decades away from 
implementation. The Ozone Biofiltration alternatives (Alternative 3C and 4C) and the GAC 
filtration alternatives (Alternative 3B and 4B) both perform well with respect to the removal 
of these compounds and, given the public concern regarding the potential impacts of the 
Eagle Bluffs wetlands on the source water supply, provide the greatest impact regarding the 
public perception of the suitability of the drinking water supply. As a result, the decision to 
increase the level of treatment beyond Alternative 1A is driven not by any certain regulatory 
policy but rather by public policy. 
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7.1.3 Free Chlorine in the Distribution System is Not Required 

The Ozone Biofiltration alternatives (Alternative 3C and 4C) and the GAC filtration 
alternatives (Alternative 3B and 4B) both will permit resumption of the use of free chlorine in 
the distribution system and will likely satisfy the finished water goal of 50% of the MCL for 
disinfection by products and lead to greater biological stability within the distribution system 
from reduction of TOC. However, as indicated by Figure 7.3, the current use of chloramines 
in the distribution (Alternative 1A) system also satisfies the goal of 50% of the MCL for 
disinfection by products. As part of this study, it was confirmed that the proposed treatment 
process (Alternative 1A) would satisfy any future regulatory requirements for a toxic by-
product formed during chloramination, NDMA, due to the pretreatment of the water with free 
chlorine as part of the primary disinfection process. As a result, there is no regulatory 
driver to convert back to free chlorine in the distribution system.  

The results of the visioning questionnaire were inconclusive with equal responses in favor 
and against retaining chloramination. Carollo conducted a recent study of consumer 
perceptions of tap water, which revealed that consumers generally have a negative opinion 
of chlorinous tastes and odors in their drinking water, which leads to lower satisfaction in 
tap waters with free chlorine than those with chloramines. As a result, there are few 
customer perception drivers to convert back to free chlorine in the distribution 
system. 

However, with chloramination, biological stability will always be a concern particularly in the 
summer months when Nitrification can occur. Nitrification is the biological conversion of 
ammonia to nitrite by ammonia-oxidizing bacteria (AOB), followed by the conversion of 
nitrite to nitrate by nitrite-oxidizing bacteria (NOB) (See Figure 7.4). Nitrification is a concern 
for water suppliers because the nitrite produced can degrade chloramines resulting in the 
growth of bacteria (including AOB), which further degrade disinfectant residuals. Nitrification 
episodes have often been associated with increases in heterotrophic plate counts (HPCs) 
and coliform counts. Other signs of nitrification include a decrease in dissolved oxygen 
(DO) concentration, a decrease in pH, and increased corrosion. Once initiated, nitrification 
is self-propagating and may be difficult to stop. Thus, it is desirable to either prevent 
nitrification episodes, or alternately, detect episodes before they gain momentum. Many 
factors affect nitrification. Some of the most important parameters are listed below, and are 
divided into two categories: (1) water quality conditions, and (2) distribution system 
operation and maintenance conditions (See Figure 7.5). 
  



Figure 7.3  TTHM Conentration with Chloramines (Source: 
Columbia, MO DBP Project) 
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Figure  7.4 Summary of Nitrification Reactions 
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Figure  7.5 Summary of Factors Influencing Nitrification 
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7.1.3.1 

Free ammonia. Free ammonia is present in the distribution system from excess ammonia 
added during treatment, or from the decay of chloramines as water ages. Free ammonia 
entering the distribution system should be limited to the greatest extent possible because it 
is the main promoter of nitrification, since it serves as a source of substrate for AOB. 

Water Quality Conditions 

Monochloramine residual. Higher monochloramine residuals (greater than 1.5-2.0 mg/L 
total chlorine, measured as Cl2) appear to be more effective in preventing nitrification by 
limiting the growth of AOB.However, increasing the monochloramine dose during a 
nitrification event often exacerbates nitrification. 

Chlorine-to-Ammonia Ratio. The chlorine-to-ammonia-N weight ratio necessary to form 
monochloramine varies from 3:1 to 5:1. In general, higher chlorine-to-ammonia-N weight 
ratios (4.5:1 to 5:1) are preferred since less ammonia is initially available for nitrification. 

Temperature. The optimum temperature for growth of nitrifying bacteria is 20 to 30°C (68 to 
86°F); however, nitrification indicators (nitrite) have been measured at temperatures as low 
as 6°C. 

pH and Alkalinity. Although the optimal pH range for nitrification is 7.5 to 8.0, nitrification 
can occur in pH range of 6.6 to 9.8. Monochloramine decomposition and free ammonia 
release will be generally slower at higher pH values (>8.3). 

7.1.3.2 

Water Age. Detention time or water age, plays an important role in the nitrification process. 
Nitrification is more likely to occur at high water age as nitrifying bacteria grow slowly, and 
lower disinfectant residuals tend to occur. 

Distribution System Operation and Maintenance 

System Cleanliness. Nitrifying bacteria have a tendency to grow in aggregates and attach 
to surfaces. They have also been detected in larger numbers in sediments than in biofilms, 
and at the lowest concentrations in bulk fluid.  

Corrosion. Accumulated sediments and biofilm can shield the nitrifying bacteria from bulk 
water monochloramine residual, and certain pipe materials are more prone to such 
conditions. For example, tuberculated unlined cast-iron pipes may provide an environment 
conducive to the growth of nitrifying bacteria. 

Due to the high pH and lower temperature of the finished water, proper control of the 
ammonia to nitrogen ratio at the plant will be a powerful tool to control nitrification. 
According to plant staff, a recent free chlorine “burn” through the system was successfully 
implemented with very few customer complaints. However, nitrifiers are typically slow 
growing and sometimes do not appear until several years after conversion. As a result, if 
the City of Columbia accepts Alternative 1A, nitrification action plans with flow charts similar 
to that provided in Figure 7.6 should be developed. 



Figure  7.6 Sample Flowchart From Nitrification Action 
Plans 

Chapter 7 Recommendations 
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7.1.4  Recommended Implementation Plan 

Figure 7.7 provides an implementation “road map” developed to guide near term project 
activities with the understanding that the decision as to whether or not the McBaine WTP 
will implement the enhanced treatment alternatives (3B or 3C) in the future. As detailed in 
Figure 7.4, the first step is to assess whether the decision regarding enhanced treatment is 
ready to be made. If it is, the appropriate strategy should be implemented. If not, it is 
recommended that work progress on both strategies in parallel until the decision is 
finalized. For example, work to date suggests expansion of solids contact clarification is an 
appropriate pretreatment component for any of the alternatives.  

As a result, predesign is recommended in the near-term. Similarly, a detailed condition 
assessment of the treatment plant is recommended independent of alternative selected to 
determine additional condition related needs. This and work on other project components 
common to all alternatives are intended to keep the project moving forward in a manner that 
is generally consistent with ultimate selection of any item.  

Near term, Alternative 1A related recommendations are detailed in Table 7.2. Phased 
implementation is not directly applicable in the case of Alternatives 3B, because all 
components are needed for usage to be increased. Similarly, Alternative 3C implementation 
does not permit significant phasing due to the need for most of the solids contact clarifiers 
during construction of the ozone system. 

7.1.5 Recommended Project Phasing 

Given the reality of stringent financial constraints, a prioritization approach has been 
developed for project implementation. It is based on completion of the most critical 
condition related items in the near- and mid-term, followed by project components 
associated with hydraulic and process deficiencies, regulatory constraints, and McBaine 
WTP goals in the longer-term. Prioritization categories and the corresponding 
recommended timelines for completion for Alternative 1A are detailed in Table 7.1. If 
GWUDI compliance is not necessary in the near term, then capacity can be increased over 
time over three to four phases. If GWUDI compliance is required sooner (such as the 
installation of a collector well), then phase 2 should be eliminated and phase 2 and 3 
completed concurrently. 
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Table 7.1 Prioritization Categories for Alternative 1A Implementation 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Priority Category 
Timeline for 
Completion 

Capacity Increase 
(mgd) 

GWUDI 
Compliance 

1 Immediately 0 NO 

2 3-5 years 8 mgd NO 

3 5-10 years 5.5 mgd YES 

4 10-20 years 15 mgd YES 

 

Table 7.2 details total Alternative 1A cost, cost by project component, total cost by 
prioritization category, and cost by component by category. As indicated in the table, some 
project components include elements of varying priority and are phased across more than 
one category. Additional details regarding project components and their costs are included 
in Appendix I. 

The first priority would be to implement the capital improvements and studies necessary to 
control nitrification in the distribution system and improve the performance of the solids 
contact clarifier. As discussed in Chapters 3 and 5, proper performance of the solids 
contact clarifications units is one of the two treatment components essential to compliance 
with GWUDI regulations. As a result, phase I includes the installation of a grit classifier on 
the existing lime system and a full scale study to demonstrate to the MoDNR that 1) the 
solids contact clarifiers can produce low settled water turbidities and 2) solids contact 
clarifiers can operate a higher surface loading rates (say 1.25 gpm/sqft). 

The next priority would be to convert  primary basin no. 1 and secondary basin no. 1 to 
single stage softening, install new aeration, rehabilitate the existing filters for a higher rate 
(45 mgd total ), install new chemical feed systems, clearwell (for disinfection and storage), 
and a portion of the high service pump station. Following this, a full-scale filter rate study 
would be performed to demonstrate to the MoDNR that higher filtration rates could be 
achieved through the filters without compromising water quality. Phase 3 would be to 
rehabilitate an existing solids contact clarifier to take the plant to the limit of the existing 
filters and perform a pilot study to demonstrate the proposed media design depth and 
backwashing sequence for the deep bed rapid rate filter is appropriate for a full-scale 
design. The final phase would be to construct the deep bed filters and remaining aeration, 
solids contact clarifier, and high service pumps to increase the capacity from 45 mgd to 
60 mgd. 
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Table 7.2 Recommended Project Phasing Alternative 1A Implementation 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Element 
Total Cost 
(Millions) Priority Category Cost (millions) 

Studies  1 2 3 4 
Condition Assessment $0.15 $0.15 ‘- ‘- ‘- 

Nitrification Action 
Plan $0.10 $0.10 ‘- ‘- ‘- 

Deep Bed Filter Pilot 
Study 

Performed by 
Columbia ‘- ‘- ‘- ‘- 

Full Scale SCC Study Performed by 
Columbia $0.00 ‘- ‘- ‘- 

Full Scale Filter Study Performed by 
Columbia ‘- $0.00 ‘- ‘- 

Design and Construction     

Condition 
Improvements Unknown UNK UNK UNK UNK 

Aeration $3.70 ‘- $3.00 $0.70 ‘- 

Solids Contact 
Clarifiers $12.0 ‘- $2.50 $3.50 $6.00 

Existing Filters $2.60 ‘- $2.60 ‘-  

Lime System $1.70 $0.20 ‘- ‘- $1.50 

Ferric Sulfate & 
Polymer System $0.60 ‘- $0.60 ‘- ‘- 

Carbon Dioxide 
System $1.20 ‘- $1.20 ‘- ‘- 

Deep Bed Filtration $24.10 ‘- ‘- ‘- $24.10 

Clearwell $8.20 ‘- $8.20 ‘-  

High Service Pumping $11.00 ‘- ‘$7.50 $1.20 $2.30 

Total $65.35 $0.45 $25.60 $5.40 $33.90 
Notes
(1) All costs in September 2010 dollars. 

: 

(2) Costs associated with rehabilitation and repair are not included but could be significant.  
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7.2 RESIDUALS HANDLING AND DISPOSAL 

7.2.1 Recommended Alternative and Justification 

Figure 7.8 presents the results of the alternatives evaluation provided in Chapter 6. Figure 
7.8 indicates that the alternative involving discharge of sludge to the Missouri River 
permitted under the current and proposed design standards for facilities taking surface 
water or alluvial wells adjacent to the Missouri River is the most cost effective. 

7.2.1.1 

The discharge of lime softening solids has been a subject of much debate over the past 
20 years resulting in continued discharge of sludge from previously permitted facilities in St. 
Louis, MO, Jefferson city, MO, and Kansas City, MO currently operating under expired 
permits. Recently, the US EPA has begun the renewal process for these permits and new 
permits for facilities operating along the Missouri River under the Best Professional 
Judgment (BPJ) permitting process.   

Present Permitting Environment – Renewal of Discharge Permits 

Currently, no specific standards exist for the regulation of discharges of water treatment 
plant residuals to the “Navigable waters of the United States” under the clean water act. 
However, in cases such as these, the provisions of the clean water act [Section 
402(a)(1)(B)] allow for the establishment of a technology based standard to establish 
specific discharger waste stream effluent limitations. In other words, the discharging entity 
performs a comprehensive analysis of the environmental and economic impact of the 
proposed discharge and utilizes the “best engineering judgment” to set discharge limits for 
such applicable parameters as pH and total suspended solids. 

Appendix J provides a summary of the BJP permitting process. First, a comprehensive 
environmental impact analysis of the proposed sludge discharge on the biota of the 
Missouri River must be performed to determine the environmental impacts of the proposed 
discharge. Next, the river discharge must be compared economically with other disposal 
alternative in accordance with USEPA guidelines to determine the Best Control Technology 
(BCT). Following this, the study would  develop and assess the Best Practicable Control 
Technology (BPCT) for direct discharge with respect to the identified Best Control 
Technology (BCT). The factors to be taken into account in assessing the BPT include the 
total cost of applying the technology in relation to the effluent reductions to the results 
achieved from such an application, the age of the equipment and facilities involved, the 
process employed, the engineering aspects of applying various types of control 
technologies and process changes, and calculations of environmental impacts other 
than water quality (including energy requirements). ,). As far as evaluating the BPCT is 
concerned, the factors are mostly the same.  
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But they include consideration of the reasonableness of the relationship between the costs 
of attaining a reduction in effluents and the benefits derived from that reduction, and the 
comparison of the cost and level of reduction of such pollutants from the discharge from 
publicly owned treatment works to the cost and level of reduction of such pollutants from a 
class or category of industrial sources. Control technologies may include in-
plant control and preliminary treatment, and end-of-pipe treatment, examples of which 
are water conservation and reuse, raw materials substitution, elimination of softening, 
etc.. US EPA defines BPCT and BCT as follows: 

• BPCT – Average of the best existing control technologies by well-operated plants 
within each industrial category or sub category’. In other words, what do well run 
softening facilities similar in size and design to Columbia do to control the production 
of residuals? 

• BCT – “the very best control or treatment measures that has been or is capable of 
being achieved.” 

Finally, an economic affordability analysis would be performed on the proposed alternative 
to determine the potential financial impact to grade the “affordability” of the alternative to the 
community. 

Such an analysis is beyond the scope of this study. However, due to the potential cost 
savings and the potential to secure a permit under the BPJ process, it is our 
recommendation that McBaine expansion include the development of a BPJ permit for 
direct discharge of lime residuals to the Missouri River. 

7.2.2 Recommended Implementation Plan 

Figure 7.9 provides an implementation “road map” developed to guide near term project 
activities with the understanding that the decision as to whether or not the McBaine WTP 
will discharge solids to the Missouri River as part of any expansion project. As detailed in 
Figure 7.9, the first step is to assess whether the decision regarding direct discharge to the 
Missouri River is ready to be made. If it is, then Columbia should begin the BPJ permitting 
process for direct discharge to the Missouri River. 
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If not, it is recommended that work progress on both strategies in parallel until the decision 
is finalized. For example, work to date suggests improving the efficiency of the solids 
contact clarifiers and operability of the existing lagoons will aid in the lagoon dewatering 
process. As a result, near term improvements should be conducted on the solids contact 
clarifiers to maximize sludge concentration in the blow down and provide better decant 
structure control at the existing lagoons.  Furthermore, if the BPJ permitting process fails to 
secure a direct discharge permit or if the permit limits are economically infeasible (i.e., pH 
adjustment, then Columbia should begin the permitting process for the construction of a 
monofill on the existing property outside of the floodplain (See Chapter 6).  

7.3 RECOMMENDED PROJECT PHASING 
Given the reality of stringent financial constraints, a prioritization approach has been 
developed for residuals handling and dewatering implementation. Chapter 6 determined 
that the existing lagoons have insufficient storage to provide the MoDNR required minimum 
storage of 6 months at a surface loading rate of 5 lbs dry solids/sqft for the current annual 
average day flows. This, combined with the significant water supplied to the lagoons due to 
inadequate concentrations of solids in the solids contact clarifiers (see Chapter 5) and the 
inability to control lagoon decant does not provide sufficient dewatering for economic 
residuals disposal off-site.  

Common improvements to both the direct discharge to the Missouri River and the monofill 
options include the construction of improvements to the solids contact clarifiers and 
construction of intermediate thickeners to aid in the dewatering process and minimize the 
size of the sludge lift station and transmission pipeline to the Missouri River. As a result, the 
following phases are recommended: 

Phase I – Consolidation of sludge discharge lines and installation of gravity thickener and 
pump station to transfer sludge to either lagoons or river. Begin permitting process for either 
direct discharge or monofill operations. It is estimated that these improvements will permit 
continued lagoon use through 2018. 

Phase II – If discharge to Missouri River is infeasible, abandon portions of lagoons and 
install new dewatering facilities within expanded levee protection system to increase solids 
concentrations and minimize cost to transport solids to Monofill.  If the discharge is feasible, 
construct a new 8-inch discharge line from the pump station to the river.  

Phase III – Additional dewatering capacity through 2028 for monofill purposes. 

Table 7.3 details total residuals alternative cost, cost by project component, total cost by 
prioritization category, and cost by component by category. As indicated in the table, some 
project components include elements of varying priority and are phased across more than 
one category. Additional details regarding project components and their costs are included 
in Appendix I. 
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Table 7.3 Recommended Phasing for Residuals Handling Alternatives 
McBaine WTP Preliminary Design Report 
Columbia Water and Light 

Element 
Total Cost 
(Millions) Phase Category Cost (millions) 

Studies  I II OR II III 
BJP Permit 
Application $0.50 $0.50 ‘-  ‘- ‘- 

Monofill Permit 
Application $0.25 ‘- ‘$0.25  ‘- ‘- 

Thickening Bench 
Scale Tests 

Performed by 
Manufacturer $0.00 ‘-  ‘- ‘- 

Design and Construction 

Condition 
Improvements Unknown UNK UNK  UNK UNK 

Lagoon Dewatering 
Improvements 
(decant/piping) 

$0.75 ‘$0.75 ‘- OR ‘- ‘- 

Pump Station $4.3 $3.50 ‘- OR ‘- ‘- 

Construct Discharge 
Line $2.85 - ‘- OR $2.85 ‘- 

Thickeners $2.5 $1.50 ‘- OR  $1.0 

Subtotal (pump 
Station) $9.2 $5.75 ‘- OR $2.85 ‘- 

Dewatering 
Centrifuge Facilities $11.86 ‘- $8.86 OR ‘- $2.0 

Monofill $6.5 ‘- $6.0  ‘- $0.5 

Subtotal Monofill $18.36 $0.00 $14.86  $0.00 $3.5 
Notes
(1) All costs in September 2010 dollars. 

: 

(2) Costs associated with rehabilitation and repair are not included but could be significant.  
(3) Phase III costs only necessary if direct discharge permit economically infeasible or unable to 

attain. 

 





 

 

Appendix A 

Hydraulix Model Detail (Hydraulic Analysis of 32 mgd) 
  



PROJECT : Columbia, MO Water Treatment Plant
Maximum Process WSE

CHECKED : BY :
JOB # : REVISION: DATE : DATE :

SUMMARY SHEET: TOTAL PLANT FLOW = 60 mgd

 No. Element Flow Velocity Diameter EGL
(mgd) (ft/s) (in) (ft)

Filter 8 to Filter 7 8.5714 2.70 30 580.12
Filter 7 to 42" Header 17.143 5.40 30 580.81
42" Header to Sed Basins 3 & 4 Eff Tunnel 30 4.82 42 581.48

10 Tunnel from Sec Sed No. 4 North Eff Launder 22.50 0.57 - 581.57

Sec Sed No. 4 North Eff Launder (U.S.) 15 2.01 - 581.86
11 Sec Sed No. 4 Circ Collection Trough 7.5 0.97 - 581.89

Sec Sed No. 4 Radial Collection Launder 1.07 1.06 - 581.92
9 Sec Sed No. 4 15 - - 582.26

Sec Sed No. 4 U.S. Mixing Zone 15 - - 583.39
8 Sec Sed No. 4 Inf Pipe 15 4.73 30 584.39

6 Tunnel from Prim Sed No. 4 to Sec Sed No. 4 7.50 1.19 - 584.42

19 Prim Sed No. 4 North Eff Launder (U.S.) 7.5 1.07 - 584.50
5 Prim Sed No. 4 Circ Collection Trough 7.5 1.06 - 584.53

Prim Sed No. 4 Radial Collection Launder 1.07 0.55 - 584.54
3 Prim Sed No. 4 15 - - 584.88

Prim Sed No. 4 U.S. Mixing Zone 15 - - 585.63
2 Prim Sed No. 4 Inf Pipe 15 4.73 30 586.64

Tunnel from Parshall Flume to Prim Sed No. 4 15 1.88 - 586.74
1 18" Parshall Flume 15 - 1.5 ######

Box Conduit from Aerator to Parshall Flume 30 - - ######

Aerator No. 4 Effluent Pipe 15 4.73 30 ######

Headloss Summary 

Element Adjustable Plant Flow = 60 mgd Plant Flow = 32 mgd
Filter No. 8 24-in 0.37 ft 0.37 ft 0.10 ft
Filter No. 7/8 30-in Header 0.69 ft 0.69 ft 0.20 ft
Sec Basin 3 + 4 42-in Eff Pipe 0.67 ft 0.67 ft 0.19 ft
Sec Basin Infl Pipe 1.00 ft 1.00 ft 0.29 ft
Prim Basin Infl Pipe 1.00 ft 1.00 ft 0.29 ft
Parshall Flume 2949854 ft 2949854 ft 0.70 ft

WME
10/11/2009
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Filename: Existing_Hydraulix Max Flow_Columbia_2010_08_04.xlsx, Sheet: Summary 1 of 1 1/7/2013, 4:34 PM
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Sample Visioning Questionnaire 
  



City of Columbia, MO WTP 
Visioning Questionnaire 

 
====================================================================  
 Any questions?  Please contact Connie Kacprowicz at (573) 847-7325    Page 1 of 13 

VISIONING QUESTIONNAIRE 
 

PART I - PURPOSE AND INSTRUCTIONS 
 
The purpose of this questionnaire is to establish a vision and identify the boundaries for the 
Water Treatment Plant Preliminary Design Report project. As someone who has been identified 
by the Columbia Water and Light Department as a stakeholder in this process, your input is of 
value and will result in a more thorough and comprehensive study.   Please feel free to attach 
any additional information to this form.  Please only answer questions in areas that you are 
familiar with or have knowledge about. 
 
Any questions regarding this form should be addressed to Connie Kacprowicz at (573) 874-
7325.  
 

Please return this survey using the enclosed addressed stamped envelope postmarked no later 
than March 15, 2010 to the following: 

 

Columbia Water and Light Department 

Attention: Ms. Connie Kacprowicz 

105 East Ash Street 

Columbia, MO 65201 

 

PART II – RESPONDANT INFORMATION 
 
1. Please provide the information below regarding the respondent: 

 

 

Name:                                                                                  

Title: 

Occupation:                                                                                   

Phone:                                                                                 

Fax:                                                                                    

Date:                                                          
 
 
2. Please provide a brief description of your goals for the project. 

 
 
 
                                                                                                                                                

 
 
 



City of Columbia, MO WTP 
Visioning Questionnaire 

 
====================================================================  
 Any questions?  Please contact Connie Kacprowicz at (573) 847-7325    Page 2 of 13 

 
 
 
PART III - QUESTIONNNAIRE 
 
Source Water Supply  
 
1. Are you satisfied with the quality of the existing water supply source?  

 
                                      

Yes 
 
No 
 
Other (Please List) _______________ 

 
In the space allotted below please list the reasons for your response: 
 
 
 
 
 
 
 
 
 

 
2. Should this study consider other sources of supply? If so, which sources and why? 
                                   
 

                                      
Yes 
 
No 
 
Other (Please List) _______________ 

 
In the spaces allotted below please list the reasons for your response, potential sources 
and the reasons this source should be considered. 

 
 
 
 
 
 
 
 
 
 
 

 



City of Columbia, MO WTP 
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Source Water Supply (Cont.) 
 

 
3. Are there any other issues regarding source water supply that should be addressed in a 

future study? 
 

 
Yes 
 
No 
 
Other (Please List) _______________ 

 
 
 
 
 
 
 



City of Columbia, MO WTP 
Visioning Questionnaire 

 
====================================================================  
 Any questions?  Please contact Connie Kacprowicz at (573) 847-7325    Page 4 of 13 

 
Water Treatment Plant Configuration:                                                                    

                                                                                                                                                                                       
 
1. To reduce anticipated operational expenses, should the current treatment goals to soften 

the water be abandoned in favor of less expensive treatment measures? ( This may 
cause some consumers to install in-home water softeners) 

 
 

 
Continue Softening Treatment Goals 
 
Discontinue Softening Treatment Goals 

 
 

Please list the reasons for your selection: 
 
 
 
 
 
 
 
2. The secondary regulations concern the aesthetic aspects of a drinking water supply 

rather than the health aspects. Should any new treatment processes consider satisfying 
the current secondary regulations (suggested limits) as well as the primary regulations 
(required by law)? Satisfying the secondary regulations is currently done at the existing 
facilities. 

 
 

 
Continue Satisfying Secondary Suggested Limits for Aesthetic Properties 
 
Discontinue Satisfying Secondary Suggested Limits for Aesthetic Properties 

 
 

Please list the reasons for your selection: 
 



City of Columbia, MO WTP 
Visioning Questionnaire 

 
====================================================================  
 Any questions?  Please contact Connie Kacprowicz at (573) 847-7325    Page 5 of 13 

 
Water Treatment Plant Configuration (cont.):                                                                    
 
 
3. Should the study examine abandoning and demolishing the existing water treatment 

plant (32 mgd) and constructing an entirely new facility with source water obtained from a 
different location at a significant cost to current and future customers?  

 
 

Existing Supply and Treatment Plant Should be abandoned 
 
Continue Use of Current Source and Treatment Facility 

 
 
Please list the reasons for your selection: 

 
 
 
 
 
 
 
4. The end of this questionnaire provides a glossary of the advanced treatment technology 

and the potential benefits this technology would provide. Please select which of these 
advanced technologies you would like to see the study address.   Please list the reasons 
for your selections. 

 
 
 

Membrane Filtration Air Stripping 
 
Nano/Reverse Osmosis Enhanced Softening 
 
Advanced Oxidation All of the Above 

 
Ion Exchange Others (Please List Below) 
 
Advanced Disinfection ________________ 
 
Ozone/Infiltration ________________ 

 
Advanced Biofiltration ________________ 

 
 
Please list the reasons for your selection: 
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Water Treatment Plant Configuration (cont.):                                                                    
 
 
5. To satisfy regulations associated with disinfection by products, the City of Columbia 

recently converted from free chlorine to chloramines in the distribution system.  There are 
more costly technologies that can be employed to satisfy all disinfection by product 
regulations and permit switching back to chlorine. Given this, how important is it to you 
that the City of Columbia switches back to the exclusive use of free chlorine in the 
distribution system? Please state the reasons for your selection: 

 
Absolutely Critical to Switch Back to Chlorine 
                                      
Very Important to Switch Back to Chlorine 

 
Not Very Important 
 
Stay with Chloramines 
 
Other (Please list)_________________________ 

 
In the space allotted below please state your reasons for the selection made above: 
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Water Treatment Plant Configuration (cont.):                                                                    

 
                                                                                                                                                                                       

6. Recent AP articles have highlighted the presence of extremely low levels (one drop in 20 
Olympic swimming pools) of Endocrine Disrupting (estrogen, etc) and Pharmaceutical 
(acetaminophen, etc.) compounds in many drinking water supplies. Studies to determine 
if long-term exposure to the low concentrations of these constituents impact human 
health are at least 10 years away and it is not certain when (if at all) some or all of these 
constituents will be regulated. Technologies that remove or destroy these compounds 
from the supply are available but are significantly more costly to implement than the 
current treatment process. Given this, how important is it to you that this study considers 
processes that remove or destroy these compounds? Please state the reasons for your 
selection. 

 
Absolutely Critical to Remove or Destroy these Compounds No Matter the 
Expense. 
                                      
Study Should Evaluate the Costs/Benefits of Technologies that Remove or 
Destroy these Compounds. 
 
Not Very Important that Study Considers Removal/Destruction of these 
Compounds. 
 
Study Should Not Consider Removal/Destruction of these Compounds. 
 
Other (Please list)_________________________ 

 
In the space allotted below please state your reasons for the selection made above: 
 
 
 

 
 
 



City of Columbia, MO WTP 
Visioning Questionnaire 

 
====================================================================  
 Any questions?  Please contact Connie Kacprowicz at (573) 847-7325    Page 8 of 13 

 
 

Water Treatment Plant Configuration (cont.):                                                                    
 
 
7. Green elements at a water facility are elements that minimize chemical use and 

maximize energy efficiency. Should a “green” element be a consideration for ranking and 
analysis of treatment alternatives? 

 
 
 

                                      
Yes 
 
No 
 
Other (Please List) _______________ 

 
In the space allotted below please list the reasons for your response: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Are there any other issues regarding treatment that should be addressed? 
 
 

Yes (please list) ______________ 
 
No 
 

 
 
In the space allotted below please list the reasons for your response: 
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WTP Residuals Management 
 
 

 
1. Should the study consider additional off-site lagoons on surrounding property? 

 
Yes 
 
No 
 
Other (Please List) _______________ 

 
In the space allotted below please list the reasons for your response: 
 
 
 
 
 
 
 

2. Monofilling requires a specific and rather lengthy permitting process but may show 
promise as a long term solution. Given this, should the study consider the City owning 
and operating a permitted monofill as a means for long term residuals disposal? 

 
 
 
 
 

Yes 
 
No 
 
Other (Please List) _______________ 

 
In the space allotted below please list the reasons for your response: 
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WTP Residuals Management (cont.) 
 
 

3. Should the study consider the feasibility of land filling dewatered residuals in the City’s 
landfill? 

 
 

Yes 
 
No 
 
Other (Please List) _______________ 

 
In the space allotted below please list the reasons for your response: 
 

 
 
 
 
 
 

4. Are there any other residuals handling and disposal technologies that should be 
considered? 

 
 

Yes (Please List) ______________________ 
 
No 
 

In the space allotted below please list the reasons for your response: 
 

 
 
 
 
 
    
 
                                                                                                                                                                             

 
 
 
 
 
 
 

********************************END OF QUESTIONNAIRE ************************** 
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PART IV GLOSSARY OF WATER TREATMENT TECHNOLOGIES 
 
 
Advanced Biofiltration:  Technologies that utilize an exterior carbon source and other 

nutrients in lieu of Ozone to establish and maintain a biofiltration 
process (a filter bed laden with microorganisms that break down 
organic matter into carbon dioxide, water and salts). These 
processes have proven effective in reducing the extremely low 
levels (one drop in 20 Olympic swimming pools) of some 
Endocrine Disrupting (estrogen, etc) and Pharmaceutical 
(acetaminophen, etc.) compounds found in many of the nations 
drinking water supplies. This treatment may provide enhanced 
removal of disinfection by product precursors and may permit the 
re-establishment of free chlorine as a secondary (distribution) 
system disinfectant.  

 
Advanced Disinfection:  Technologies (Ozone, chlorine dioxide, UV, low pressure 

membrane filtration) that are approved by the US EPA to provide 
primary disinfection of drinking water that meet or exceed national 
standards without the use of free chlorine. This does not eliminate 
the use of chlorination in the process. Chlorination or 
Chloramination will be required by the Missouri Department of 
Natural resources following this process to produce a measurable 
residual disinfectant in the distribution system. Some of these 
technologies may provide enhanced removal of disinfection by 
product precursors and may permit the re-establishment of free 
chlorine as a secondary (distribution) system disinfectant. 

 
 
Advanced Oxidation:  The process of adding or generating powerful oxidants to oxidize 

trace levels of organic or microbiological organisms in water. 
These processes have proven effective in reducing the extremely 
low levels (one drop in 20 Olympic swimming pools) of some 
Endocrine Disrupting (estrogen, etc) and Pharmaceutical 
(acetaminophen, etc.) compounds found in many of the nations 
drinking water supplies. 

 
Air Stripping:  Technologies involving the transferring of volatile components of a 

liquid into an air stream. Some of the disinfection by-products 
generated from drinking water chlorination can be safely removed 
from drinking water through this process. This treatment may 
provide enhanced removal of disinfection by products and may 
permit the re-establishment of free chlorine as a secondary 
(distribution) system disinfectant. 

 
Enhanced Softening:  The process of adding an excess of alkaline agent (lime, caustic 

soda, etc.) to water to remove hardness (calcium and magnesium 
ions) via precipitation. This treatment may provide enhanced 
removal of disinfection by product precursors and may permit the 
re-establishment of free chlorine as both a primary and secondary 
(distribution) system disinfectant. 
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PART IV GLOSSARY OF WATER TREATMENT TECHNOLOGIES (CONT.) 
 
Ion Exchange:  A reversible chemical reaction between an insoluble solid and a 

solution during which ions may be interchanged. This separation 
process, as it applies to Columbia, would be to examine fixed bed 
or dispersed magnetic resins to fix some organic ions to the resins. 
This treatment may provide enhanced removal of disinfection by 
product precursors and may permit the re-establishment of free 
chlorine as both a primary and secondary (distribution) system 
disinfectant. 

 
Ozone/Biofiltration: A combined water treatment process to reduce natural organic 

matter (NOM) which is a water disinfectant byproduct precursor. 
Water is first assonated (ozone is mixed into the water flow to 
oxidize organic matter, iron and manganese) and then passed 
through a biofilter (a filter bed laden with microorganisms that 
break down organic matter into carbon dioxide, water and salts). 
These processes have proven effective in reducing the extremely 
low levels (one drop in 20 Olympic swimming pools) of some 
Endocrine Disrupting (estrogen, etc) and Pharmaceutical 
(acetaminophen, etc.) compounds found in many of the nations 
drinking water supplies. This treatment may provide enhanced 
removal of disinfection by product precursors and may permit the 
re-establishment of free chlorine as a secondary (distribution) 
system disinfectant.  

 
 
Micro/Ultra Filtration:   Water under moderate pressure (25-50 psig) is forced through a 

membrane, a thin material with very small pores, stopping small 
particles (including bacteria). This is proven to provide an effective 
barrier to most pathogens but is not effective in removing ions 
(softening) or most organic compounds. 

 
Nano/Reverse Osmosis: Water under high pressure (75-120 psig) is forced through a 

membrane using a separation process that employs the principles 
of reverse osmosis to remove dissolved contaminants from water; 
typically applied for membrane softening or the removal of 
dissolved organic contaminants. This treatment may provide 
enhanced removal of disinfection by product precursors and may 
permit the re-establishment of free chlorine as both a primary and 
secondary (distribution) system disinfectant. In addition, these 
processes have proven effective in reducing the extremely low 
levels (one drop in 20 Olympic swimming pools) of some 
Endocrine Disrupting (estrogen, etc) and Pharmaceutical 
(acetaminophen, etc.) compounds found in many of the nations 
drinking water supplies. 
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PART IV GLOSSARY OF WATER TREATMENT TECHNOLOGIES (CONT.) 
 
 
 
Softening (precipitative):  The process of adding an alkaline agent (lime, caustic soda, etc.) 

to water to remove hardness (calcium) via precipitation. This is 
done to reduce scaling in water heaters and otherwise improve 
other aesthetic aspects of drinking water. 

 
Ion Exchange:  A reversible chemical reaction between an insoluble solid and a 

solution during which ions may be interchanged. This separation 
process, as it applies to Columbia, would be to examine fixed bed 
or dispersed magnetic resins to fix some organic ions to the resins. 
This treatment may provide enhanced removal of disinfection by 
product precursors and may permit the re-establishment of free 
chlorine as both a primary and secondary (distribution) system 
disinfectant. 
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Alternative Description Technical Memorandum  
McBaine Water Treatment Plant Preliminary Design 

Columbia Water and Light 

Basins 1-6 
Enhanced Lime 

Softening 

Wells 
1-15 

Basins 7-8 
Coagulation 

Li
m

e 

B
yp

as
s 

1
5
-2

0
%

 

C
o
ag

u
la

n
t 

Po
ly

m
er

 

New Stainless Steel Internals 
Split Treatment w/ Blending 
Replace Filter Media 
Convert to Constant Rate Filters 
Mn02 Coated Media for Mn control 

C
h
lo

ri
n
e 

Cl2 Dist Sys  

GWUDI 

Mn and Fe 
DBP (40/30) 

ECC’s 

` 

Chlorine 
Contact/BT 

C
h
lo

ri
n
e 

Mixing Chamber 

A
m

m
o
n
ia

 

M 

M 

New Deep Bed 
MnO2 Coated 

Media 
 High Constant 

Rate Filters 
 9-12 

  
C
O

2
 

Rehab: 
MnO2 

Coated 
Media 



Figure 5- Alternative 3B Process Schematic: 
GAC Filter Absorbers 
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Figure 6 – Alternative 4B Process Schematic: 
Split Treatment with GAC Filter Absorbers 

Alternative Description Technical Memorandum  
McBaine Water Treatment Plant Preliminary Design 

Columbia Water and Light 

Basins 1-6 
Enhanced Lime 

Softening 

Wells 
1-15 

Basins 7-8 
Coagulation 

Li
m

e 

B
yp

as
s 

1
5
-2

0
%

 

C
o
ag

u
la

n
t 

Po
ly

m
er

 

Rehab 
Constant 

Rate Filters 
1-8 

Cl2 Dist Sys  

GWUDI 

Mn and Fe 
DBP (40/30) 

ECC’s 

` 

Chlorine 
Contact/BT 

C
h
lo

ri
n
e 

Mixing Chamber 

M 

M 

New Deep Bed 
High Constant 
Rate Filters 

 9-16 

New Stainless Steel Internals 
Convert Secondary to Primary Basins 
Replace Filter Media with GAC 
Convert to Constant Rate Filters 
Chlorine Contact Chamber for Disinfection 
Enhanced Softening 
Chlorine Dioxide for Mn Control in Bypass 

GAC Media 

GAC Media 

  
C
O

2
 

C
h
lo

ri
n
e 

D
io

xi
d
e 

 



Figure 7 –Alternative 3C Process Schematic: 
Ozone Biofiltration 

Alternative Description Technical Memorandum  
McBaine Water Treatment Plant Preliminary Design 

Columbia Water and Light 

New Stainless Steel Internals 
Convert Secondary to Primary Basins 
Replace Filter Media w/ GAC Sand 
Convert to Constant Rate Filters 
Ozone Disinfection/in plant pumping 
Biologically active filters 

Basins 1-4 

Wells 
1-15 

Rehab 
Constant 

Rate Filters 
1-8 

C
h
lo

ri
n
e 

M 

Basins 5-8 

` 

Balancing 
Tank 

S2O3 

Ozone 
  

M 
In Plant Pumping 

New Deep Bed 
High Constant 
Rate Filters 

 9-12 

  CO2 

Cl2 Dist Sys  

GWUDI 

Mn and Fe 
DBP (40/30) 

ECC’s 

Li
m

e 
Li

m
e 



Figure 8 –Alternative 4C Process Schematic: 
Split Treatment with Ozone Biofiltration 
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City of Columbia Light and Water 

MCBAINE WATER TREATMENT PLANT EXPANSION      
BENCH SCALE TESTING PROTOCOL 

1.0 INTRODUCTION 

1.1 Scope 

The City of Columbia (City) has contracted with Carollo Engineers P.C. (Carollo) to perform 
a preliminary design for the McBaine Water Treatment Plant (McBaine WTP) that 
addresses the following issues: 

• Expanding the treatment capacity of the City’s McBaine Water Treatment Plant to 
ensure projected future water demands can be provided without the need for use 
restrictions. 

• Modifications to the existing McBaine Water Treatment Plant and/or treatment 
process necessary to ensure compliance with existing and anticipated water quality 
regulations. 

1.2 Purpose 

The purpose of this memorandum is to establish the protocol for jar testing at the City of 
Columbia Water and Light Department McBaine Water Treatment Facility (WTP). The 
information obtained from the jar testing will be utilized to: 
• Provide the City with sufficient information to determine the applicable range of lime 

dosages that will achieve some magnesium removal. 

• Assess the impact of feeding chlorine dioxide for precursor oxidation on the formation 
of disinfection by products. 

• Assess the ability of enhanced softening with split treatment to remove disinfection by 
product precursors. 

• Assess the impact of recarbonation on settled water turbidity collected from the filter 
effluent to determine the range of carbon dioxide dose (and resultant pH depression) 
necessary to reduce effluent turbidity from the existing process.  Determine the 
impact of pH depression on TTHM formation potential and finished water stability. 

1.3 Existing Facilities 

The City of Columbia (City) owns and operates a municipal water treatment utility that 
supplies water to approximately 44,000 customers in and around the City. The City’s 
existing water system consists of a 15 well ground water well field, one water treatment 
plant with 32 MGD capacity, approximately 650 linear miles of distribution lines, 5 mg of 
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elevated water storage towers, 9 mg of ground reservoirs, two ASR wells with a total of 4 
MGD capacity and four pump stations.  

Figure 1 presents a schematic of the existing 32-mgd McBaine Water Treatment Plant 
(McBaine WTP). The plant has four 8 MGD each utilizing an aerator, lime softening with a 
primary and secondary settling basins and two filters with gaseous chlorine disinfectant. 
Conveyance from the treatment plant is from eight 300 hp high service vertical turbine 
pumps discharging through two 36-inch transmission mains. 
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Figure 1 Existing Columbia McBaine WTP Process Schematic 
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2.0 RAW WATER QUALITY  

2.1 Raw Water Quality: 

The City of Columbia McBaine WTP obtains its raw water from vertical wells located in an 
alluvial aquifer called the McBaine Bottoms. The McBaine Bottoms is a geologic formation 
resulting from glacial melting which deposited sands in this location along the banks of the 
Missouri River.  

The McBaine WTP operates a total of 15 ground water wells that are scattered around the 
McBaine Bottoms. The wells extend beyond 100 feet into alluvium, penetrating nearly to the 
bottom of the aquiver. Operating together, the 15 wells can provide up to 32 mgd of 
capacity. Each well is capable of producing approximately 1,400 to 1,600 gpm.  

A summary of quality for raw water obtained from these well for the time period 1998 
through 2007 is presented in Table 2.1. The raw water has the potential to contain 
ammonia and manganese which will impact chlorine demand. As a result, provisions must 
be made to overcome the raw water ammonia through breakpoint chlorination. In addition, 
the manganese will exert a chlorine dioxide demand unless chlorine dioxide is added 
following the softening process.  
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Table 2.1     Historical Raw Water Quality (Feb 1998 to June 2007) 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Parameter Range Median Average 

Alkalinity (mg/L as CaCO3) 500-188 340 318 

Turbidity (NTU)* 4.8-1.8  2.67 

Temperature (oC) 17.5-10.7 14.5 14.4 

TDS (mg/L)* 350-227  277 

pH [standard units (s.u.)] 7.35-6.65 7.00 7.1 

TOC (mg/L) 3.0-1.0 2.29 2.5 

Hardness (mg/L as CaCO3) 534-218 342 337 

Ca Hardness (mg/L)* 106-75  90 

Mg Hardness (mg/L)* 22.8-17.5  19.8 

Ammonia (mg/L as N)* 0.71-0.11  0.35 

Manganese (mg/L)* 1.3-0.197  0.680 

Iron  total (mg/L)* 14.2-2.8  0.306 

Fluoride (mg F/L)* 0.37-0.15  0.15 

Chloride (mg/L) 160-6.6 25 23.5 

2.2 Existing Chemical Application Points 

To control the softening reaction, slaked quicklime is added to the center cone of each 
primary clarifier. Figure 2 presents the mass balance of the solids contact clarifier based 
upon a hardness goal of 150 and the typical parameters from one of the McBaine Bottom 
wells. 

To achieve the required 4-log virus inactivation for a groundwater facility as specified by the 
Missouri DNR, hypochlorous acid (chlorine solution) is added to the effluent of the primary 
softening basins and allowed to contact the finished water through the secondary basins 
and filters. 

Liquid ammonium sulfate is added to the effluent discharge piping (2-36 inch pipes) prior to 
leaving the plant to convert the free chlorine into combined chlorine.  
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Figure 2  Mass Balance of Existing Softening Process  
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Table 2.2      Approximate Chemical Doses 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Chemical 

Application 

Number 

Chemical Average Dose 

(mg/L) 

Dosage Range (mg/L) 

1 Slaked Quicklime 232-277  

2 Chlorine 

Chlorine Residual 

8.44 

2.3-2.6 

 

3 Fluoride 1  

    

3.0 BENCH SCALE TESTING PARAMETERS 

3.1.1 Description of Existing Processes 

The primary purpose for the existing solids contact clarifiers is the removal of calcium 
utilizing precipitation in combination with aggregation or growth of the calcium carbonate 
utilizing solids recycle in the center cone. The water, after combining with previously 
generated solids in the basin, flows beneath the cone of the solids contact clarifier and into 
the sedimentation portion of the solids contact clarifier. The sedimentation portion of the 
basin provides solids/liquid separation and the water flows through orifices or over weirs in 
the radial launders before being collected in a center launder. The solids collect at the 
bottom of the basin and are raked to the center of the basin using circular sludge collection 
rakes. The solids are then blown down to the sludge ponds for drying and eventual 
disposal. 

The main design criteria for solids contact clarifiers No. 7 and No. 8 are provided in Table 
3.1 and 3.2, respectively. These were installed in the most recent expansion and  
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Table 3.1     Existing  Solids Contact Clarifier Design Criteria 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Lime Softening Basins 

Basin No. 7  

Type of basin equipment US Filter GF Solids Contact Clarifier Contraflow C 

Basin Design Flow Mgd 8  

Basin Hydraulic Flow Mgd 12  

Basin volume gal 834,880  

Basin width Ft-in 80’-0”  

Side Water depth Ft 16’-11”  

Detention time beneath reaction 
well cylinder min 22.3 9 mgd 

Diameter of Reaction Cone Ft 60  

Volume beneath the reactor 
cone gal 124,880  

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation Drive Flow Gpm 33,600 6:1 ratio 

Recirculation Drive HP Hp 15  

Drive Type  Propeller  

Drive Tip Speed Ft/sec 14.5-3.61 14.5-3.6 

Drive Diameter Inches 90  

Detention time in the settling 
area min 126.7  

Volume in the settling area gal 709,520  

Rise rate in the settling area @ 
2ft below normal water level gpm/ft2 0.96 8 mgd 

Scraper Drive HP HP ½  

Scraper Tip Speed Ft/min 8.2  

Cutout Torque Ft-lbs 38,400 65k recommended 

Design Torque (alarm) Ft-lbs 32,000 60 k recommended 
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Table 3.2     Existing  Solids Contact Clarifier Design Criteria  
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Lime Softening Basins 

Basin No. 8 

Type of basin equipment US Filter GF Solids Contact Clarifier Contraflow C 

Basin Design Flow Mgd 8  

Basin Hydraulic Flow Mgd 12  

Basin volume gal 768,050  

Basin width Ft-in 80’-0”  

Side Water depth Ft 15-5”  

Detention time beneath reaction 
well cylinder min 20.1 8 mgd 

Diameter of Reaction Cone Ft 60  

Volume beneath the reactor 
cone gal 124,880  

Recirculation capacity # of times 
the flowrate 8-10  

Recirculation Drive Flow Gpm 33,600 6:1 ratio 

Recirculation Drive HP Hp 15  

Drive Type  Propeller  

Drive Tip Speed Ft/sec 14.5-3.61 14.5-3.6 

Drive Diameter Inches 90  

Detention time in the settling 
area min 117  

Volume in the settling area gal 655,200  

Rise rate in the settling area @ 
2ft below normal water level gpm/ft2 0.96 8 mgd 

Scraper DriveHP HP ½  

Scraper Tip Speed Ft/min 8.2  

Cutout Torque Ft-lbs 38,400 65k recommended 

Design Torque (alarm) Ft-lbs 32,000 60 k recommended 
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4.0 JAR TESTING PROTOCOL 

4.1 Preoxidation with Chlorine Dioxide: 

4.1.1 Purpose: 
The purpose of these jar tests is to establish a chlorine dioxide demand  for the raw water 
and determine the impacts of chlorine dioxide preoxidation on the TTHM formation potential 
of the finished water at average daily temperatures and a pH range of 7 to 9.5 at 
instantaneous, 3 days, and 7 days. 

4.1.2 Chlorine Dioxide Demand Testing: 
 
Chlorine dioxide solution (0.1 to 0.35%) is a safe, stable solution but it can evolve chlorine 
dioxide gas. These are the reasons that an aqueous solution of chlorine dioxide is 
generated. Due to partial pressure laws, the concentration in the air will not exceed the 
concentration in the generated solution. It is for this reason that chlorine dioxide generators 
often produce a concentration in solution of 0.35% (well below the 10% limit). Chlorine 
Dioxide solution will be collected from an existing generator in Higginsville, MO and kept on 
ice in amber solution bottles. It will be assumed that the concentration reading at the 
generator is the concentration of the chlorine dioxide solution.  This will be backchecked 
and measured using DPD, Standard Method 4500-CLO2 D, or (2) Amperometric Method II, 
Standard Method 4500-CLO2 E. Where approved by the state, systems may also measure 
residual disinfectant concentrations for chlorine dioxide by using DPD colorimetric test kits. 
 
Table 4.1 presents the sampling matrix for the chlorine dioxide demand testing for the 
Columbia WTP. Samples of water will be obtained from the effluent of a primary clarifier to 
simulate chlorine dioxide addition at this location. The jars will be kept agitated using the jar 
test apparatus and samples collected periodically to measure free residual chlorine dioxide 
demand and decay. Chlorine dioxide will be dosed at various concentrations and the 
residual after 5 minutes will be determined.  The highest dose value will be measured at 10 
min and 15 min, 20 min, etc. to determine the approximate rate of decay of the chlorine 
dioxide residual over time. Once the decay is complete a chlorite sample will be taken to 
determine the chlorite formation potential of the chlorine dioxide addition. 
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Table 4.1     Chlorine Dioxide Demand Testing 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Jar #1
Tempera

ture  

Test 
Duration 

(min) 

Chlorine 
Dioxide 

Dose 
(mg/L)* 

Mixing 
G 

value 
(sec-1) pH 

Samples 

Color- 
True Mn Fe 

Cl02 
Residual 

Chlorite/
Chlorate 

Cl02-0 15 Aerated 
Eff 

0 20 (1) X X X ‘- 
 - 

Cl02-1 15 Raw 1 40 (1)  X X ‘- 
 ‘- 

Cl02-2 15 5 1 40     0.5  

Cl02-3 15 5 2 40     1.49  

Cl02-4 15 5 3 40     2.35  

Cl02-5 15 5 4 40     X  

Cl02-6 15 5 5 40     X  

           

Cl02-7 15 Inst. 2 40     1.70  

Cl02-8 15 5 2 40     1.49  

Cl02-9 15 10 2 40     1.32  

Cl02-10 15 30 2 40     1.12  

Cl02-11 
 

15 60 2 40  X X X  X 

  50 2 40       

           

Notes: 
(1) pH of reaction will be native pH inside the reaction well of the solids contact clarifiers. 
(2) A control will also be measured to determine if the softening process also contributes to Mn, Fe and True 

color reduction. 

The resulting reaction of chlorine dioxide will produce chlorite. Typically, the reaction of 
chlorine dioxide produces approximately 50% to 70% conversion of chlorine dioxide to 
chlorite (weight/weight based). There have been situations (Linder, 2006) where the 
chlorine dioxide produced an 80-85% conversion to chlorite. Based on the maximum 
anticipated dose of chlorine dioxide of 1.12 mg/L, the chlorite levels are expected to be from 
0.78 to 0.95 mg/L. These anticipated levels would be below the MCL for chlorite but 
differences in the anticipated maximum dose or higher conversion of chlorine dioxide to 
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chlorite could produce levels above the MCL. Implementation of chlorine dioxide should be 
examined with the recognition that chlorite will need to be reduced in the finished water. 

4.1.3 Impact of Chlorine Dioxide on TTHM Formation Potential 
 
Table 4.2 presents the sampling matrix for the chlorine dioxide TTHM formation potential 
testing for the Columbia WTP. Samples of water will be obtained from the center cone of a 
primary clarifier to simulate chlorine dioxide addition at this location. The jars will be kept 
agitated using the jar test apparatus at various durations and dosages of chlorine dioxide to 
measure the impact on TTHM formation with free chlorine at a constant pH (as measured) 
and temperature (15 C). Using the results of the chlorine dioxide demand testing, the 
duration of the test will be such that complete dissipation of chlorine dioxide occurs prior to 
the addition of the chlorine. Using conventional household chlorine bleach (4-6% 
concentration) at the end of the time period and the free chlorine residual measured using 
the DPD method and noted at that time. Control jars with an identical chlorine dose will be 
added to the settled effluent of the solids contact clarifier to simulate the performance 
without chlorine dioxide addition.   
 
Additional jars with combined (unreacted) chlorine and chlorine dioxide will be tested to 
determine the impact of simultaneous addition similar to the method used in El Paso, TX, 
Aurora, CO and those investigated for Beaver Water District.  
  
 

Table 4.2    Chlorine Dioxide TTHM Formation Potential Impact 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO 

Jar # 

Chlorine 
Dose 

(mg/L) 

Test 
Duratio
n (min) 

Chlorine 
Dioxide 

Dose 
(mg/L)* 

Mixing 
G 

value 
(sec-1) pH 

Samples 

TOC UV254 TTHM 
Cl02 

Residual 
Cl2 

Residual 

Cl02-
TTHM-00 4 

Effluent 
from 

Primary   
0 20  X X - ‘- 

 - 

Cl02-
TTHM-01 8.4 30 1.5 20 9.18 X X X X X 

CL02-
TTHM-02 8.4 30 2.5 20 9.19 X X X X X 

CL02-
TTHM-

01C 
8.4 0 0 20 9.25 X X X  X 

CL02-
TTHM-

02C 
8.4 0 0 20 9.26 X X X  X 
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Notes: 
(1) pH of reaction will be native pH inside the reaction well of the solids contact clarifiers. 
(2) pH of reaction will be noted after bleach addition. 
(3) Duration of test will be based upon chlorine dioxide demand testing above. The duration will be as 

necessary to dissipate the entire chlorine dioxide as determined during the chlorine dioxide demand testing.  
(4) The stock solution of chlorine dioxide will be measured prior to dosing to confirm chlorine dioxide dose. 

 

Each sample for TOC will be quenched with ammonia prior to shipping to the laboratory for 
analysis.  The results will be compared to provide an indication of the following: 

• Impact of Chlorine Dioxide Dose on TTHM formation potential of settled water. 

• Impact of Chlorine Dioxide reaction time prior to Chlorine addition on TTHM 
formation potential of Settled water from primary clarifiers.(if necessary) 

4.2 TOC Removal – Current Versus Enhanced Coagulation 

4.2.1 Softening Profile 

Due to the nature of the solids contact clarifiers and the softening process, it is impossible 
to measure their turbidity removal performance on the bench scale. We are proposing to 
measure water quality from the proposed blend of solids contact clarifiers performing 
enhanced softening with aerator effluent following flocculation/clarification with a metal salt.  

However, jar tests can be simulated to determine relative performance of total organic 
carbon removal at different softening pH (lime dose) levels (i.e. only calcium carbonate 
removal versus calcium carbonate and magnesium hydroxide removal). 

The first step in the process is to determine the anticipated removals of calcium carbonate 
and magnesium hydroxide at various levels of pH with the temperature held constant. In 
addition, settled water methyl alkalinity, phenothaline alkalinity, calcium, and magnesium 
hardness will be monitored to determine the point of carbonate alkalinity exhaustion. To 
prepare the jars, Carollo will perform the following: 

Collect solids from the existing lime softening process, settle these solids and add sufficient 
volume of solids to each jar to form a 1-2% by volume concentration of solids in each jar. 
Adjust the pH of each jar using lime slurry collected from the existing lime slaking process 
to achieve pH levels as indicated on the table below.  

The slaked lime slurry will be taken with the discharge of the slaker, kept mixed and dosed 
in accordance with the equivalent Quicklime (CaO) doses calculated based upon historical 
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plant doses. Alternatively, Caustic will be dosed based upon equivalent alkalinity levels to 
the quicklime doses in case a consistent lime slurry concentration cannot be obtained. The 
final dose will be based upon theoretical excess lime softening mode which is determined 
by the stiochiometric dose plus an additional 40 mg/L of lime dose. 

 
Table 4.3   Softening Profile  
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
  City of Columbia, MO 

Jar # 

Lime 
Solids 
Conc. 

Mixing 
Speed 

G 
Temp 
Deg C 

Ferric 
Dose 

(mg/L) Lime Dose (mg/L pH 

Effluent Results 

C
a 

M
g TH M Alk 

P 
ALk TOC 

Mg/L (as CaCO3) 

SFTN-00 1 300 15 0 208  X X X X X  

SFTN-01 1 300 15 0 225  X X X X X  

SFTN-02 1 300 15 0 250  X X X X X  

SFTN-03 1 300 15 0 275  X X X X X  

SFTN-04 
 1 300 15 0 300  X X X X X  

SFTN-05 1 300 15 0 325  X X X X X  

SFTN-06 1 300 15 0 335  X X X X X  

 

The effluent to each will be analyzed to determine the point of carbonate exhaustion based 
upon the presence or lack of carbonate alkalinity in the effluent. If using lime this will be 
evident also by the increased concentrations of total hardness or calcium hardness as the 
pH is increased. If using caustic, this can only be measured by the decrease in carbonate 
alkalinity as the pH is increased. 

4.2.2 TOC Removal and Impact on TTHM Formation Potential 
 

Once the softening pH and relative removals of calcium and magnesium have been 
established at the different temperatures and lime doses, the next tests will be to compare 
different TOC removal efficiencies and different softening pH values (i.e. mostly calcium 
carbonate versus enhanced softening with magnesium removal).  

For the TOC removal efficiencies, the settled water must be filtered using a 5 micron filters 
prior to sampling.  pH will be adjusted to the final anticiptated pH using sulfuric acid 
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following a 20 minute hold time to simulate a recarb/blending basin prior to the addition of 
chlorine for the TTHM Formation potential measurements. 
 
Table 4.4 provides a summary of the design parameters for the measurement of TTHM 
formation using enhanced softening. TTHM formation for instantaneous, 3 day and 7 day 
durations will be compared for the following treatment: 
 Current Treatment scheme 
 Enhanced Softening 
 Split Treatment 

 
Split treatment ratios will be based upon the calcium, magnesium and hardness values 
collected from the plant influent following aeration. RTW blend will be used to compute the 
anticipated final water quality for pH adjustment. 

 

 
Table 4.4 Enhanced Softening TTHM Formation Potential 
 Bench Scale Testing Protocol 
 Preliminary Design of the McBaine WTP 
 Columbia Water and Light Department 
 City of Columbia, MO  

Jar # 

Lime 
Solids 
Conc. 

Mixing 
Speed 

G 

Tem
p 

Deg 
C 

Ferri
c 

Dose 
(mg/

L) 
Lime Dose 

(mg/L 
p
H 

Effluent Results 

Ca Mg TH MAlk PALk TOC 

Mg/L (as CaCO3) 
ENSF
T-01 10 300 15 0 XX  X X X X X X 

ENSF
-02 10 300 15 0 YY  X X X X X X 

ENSF
T-03 10 300 15 0 YY  X X X X X X 

ENSF
T-04 0 300, 60 15 15 n/a  X X X X X X 

             

Where: 

XX- lime dose for calcium removal only 

YY- lime dose for excess lime removal 
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5.0 WATER QUALITY TESTING 

Attachment A provides the water quality testing proposed during the bench scale tests. 
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6.0 RESULTS AND DISCUSSION 

The jar tests results will be analyzed to determine what the optimal course of action will be 
based on the results of the completed testing discussed previously.  It should be assumed 
that additional jar testing will be needed based on these results although it is anticipated 
that the additional jar tests needed would be considerably less than the original protocol. 

Calculations from this jar testing results will include: 

• Estimated residuals generated from different options. 

• Estimated chemical costs for different options. 

• Settleability issues related to the selected sedimentation option. 

The recommendations from this series of tests will provide Columbia and Carollo Engineers 
with a clear understanding of the necessary processes to achieve the required TOC 
removal/TTHM reduction as well as verify potential O&M costs associated with these 
changes in the process. 

 

 



 

 

Appendix E 

Results of Bench Scale Testing 
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750 Royal Oaks Drive Suite 100, Monrovia, Ca 91016

Phone 626-386-1100/Fax: 626-386-1101

Customer Code: CAROLLO

Group #:  340249

Project #:  COL-03

Sample Group:  Bench Ozone - Weekly

Acknowledgement of Samples Received

Carollo Engineers

Project Manager:  Debbie.L.Frank

Phone: (626) 386-1149

7007 College Blvd Suite 550

Overland Park, KS  66211

Attn:  Thomas Crowley

Phone:  913-663-1788

PO# 8407A.00

The following samples were received from you on August 06, 2010.  They have been scheduled for the tests listed 

below each sample.  If this information is incorrect, please contact your service representative.  Thank you for using 

MWH Laboratories.

Sample # Sample Id Sample Date

201008070001 05-Aug-2010  0330ENSFT-02-01

Total Organic Carbon

201008070002 05-Aug-2010  0300ENSFT-01-02

UV absorbance at 254 nm

201008070003 04-Aug-2010  2210ENSFT-00-06

Total Organic Carbon

201008070004 05-Aug-2010  0500ENSFT-03-01

Total Organic Carbon

201008070005 05-Aug-2010  0330ENSFT-02-02

UV absorbance at 254 nm

201008070006 05-Aug-2010  0300ENSFT-01-01

Total Organic Carbon

201008070007 04-Aug-2010  2214ENSFT-00-07

UV absorbance at 254 nm

201008070008 04-Aug-2010  0818CIO2TTHM-01-01

Total Organic Carbon

201008070009 04-Aug-2010  1800CIO2TTHM-01-02

UV absorbance at 254 nm

201008070010 04-Aug-2010  1900CIO2TTHM-00-02

UV absorbance at 254 nm

201008070011 04-Aug-2010  1920CIO2TTHM-02-01

Total Organic Carbon

201008070012 04-Aug-2010  1816CIO2TTHM-03-02

UV absorbance at 254 nm

201008070013 04-Aug-2010  1730CIO2TTHM-02-02

1 Reported:    09/03/10
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750 Royal Oaks Drive Suite 100, Monrovia, Ca 91016

Phone 626-386-1100/Fax: 626-386-1101

Customer Code: CAROLLO

Group #:  340249

Project #:  COL-03

Sample Group:  Bench Ozone - Weekly

Acknowledgement of Samples Received

Carollo Engineers

Project Manager:  Debbie.L.Frank

Phone: (626) 386-1149

7007 College Blvd Suite 550

Overland Park, KS  66211

Attn:  Thomas Crowley

Phone:  913-663-1788

PO# 8407A.00

The following samples were received from you on August 06, 2010.  They have been scheduled for the tests listed 

below each sample.  If this information is incorrect, please contact your service representative.  Thank you for using 

MWH Laboratories.

Sample # Sample Id Sample Date

UV absorbance at 254 nm

201008070014 04-Aug-2010  1730CIO2TTHM-00-01

Total Organic Carbon

201008070015 04-Aug-2010  1810CIO2TTHM-03-01

Total Organic Carbon

201008070016 04-Aug-2010  1500CIO2-00-02

Manganese Total ICAP/MS

201008070017 04-Aug-2010  1500CIO2-00-02A

Manganese Total ICAP/MS

201008070018 04-Aug-2010  1500CIO2-00-03

Iron Total ICAP

201008070019 04-Aug-2010  1500CIO2-05-07

Manganese Total ICAP/MS

201008070020 04-Aug-2010  0150CIO2-00-04

Ammonia Nitrogen

201008070021 04-Aug-2010  0150CIO2-00-01

Apparent Color True Color

201008070022 04-Aug-2010  0150CIO2-00-01A

Apparent Color True Color

201008070023 04-Aug-2010  1800CIO2TTHM-01-03

@ML551.1

201008070024 04-Aug-2010  1815CIO2TTHM-03-03

@ML551.1

201008070025 04-Aug-2010  1845CIO2TTHM-02-03

@ML551.1

2 Reported:    09/03/10
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750 Royal Oaks Drive Suite 100, Monrovia, Ca 91016

Phone 626-386-1100/Fax: 626-386-1101

Customer Code: CAROLLO

Group #:  340249

Project #:  COL-03

Sample Group:  Bench Ozone - Weekly

Acknowledgement of Samples Received

Carollo Engineers

Project Manager:  Debbie.L.Frank

Phone: (626) 386-1149

7007 College Blvd Suite 550

Overland Park, KS  66211

Attn:  Thomas Crowley

Phone:  913-663-1788

PO# 8407A.00

The following samples were received from you on August 06, 2010.  They have been scheduled for the tests listed 

below each sample.  If this information is incorrect, please contact your service representative.  Thank you for using 

MWH Laboratories.

Sample # Sample Id Sample Date

201008070026 05-Aug-2010  0300ENSFT-01-03

@ML551.1

201008070027 05-Aug-2010  0330ENSFT-02-03

@ML551.1

201008070028 05-Aug-2010  0640ENSFT-03-03

@ML551.1

@ML551.1 -- EPA Method 551.1 Trihalomethanes

Test Description

3 Reported:    09/03/10
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Comments

Report: #340249

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

Group Comments

201008070002,5,7,9,10,12,13

UV254 contained acid preservative. UV254 data is not valid

UV254 must be tested from an unpreserved container within 48hrs of sampling for 

compliance.  UV254 may be biased, due to possible degradation of OC or possible 

absorption of the preservative in the same range as the DOC. Use data with caution.

Flags Legend:

Q3 - Sample received with improper chemical preservation.

Comments - Page 1 of 1The Comments Report may be blank if there are no comments for this report.
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory

Hits Report: 340249

Samples Received on:

08/06/2010

Analyzed Analyte Result Units MRLFederal

MCL

Sample ID

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

201008070001 ENSFT-02-01

08/13/2010 22:35 Total Organic Carbon mg/L1.9 0.3

201008070002 ENSFT-01-02

08/06/2010 20:07 Dissolved UV Abs. at 254 nm cm -10.062 0.009

201008070003 ENSFT-00-06

08/13/2010 22:59 Total Organic Carbon mg/L2.3 0.3

201008070004 ENSFT-03-01

08/13/2010 23:24 Total Organic Carbon mg/L2.3 0.3

201008070005 ENSFT-02-02

08/06/2010 20:10 Dissolved UV Abs. at 254 nm cm -10.096 0.009

201008070006 ENSFT-01-01

08/13/2010 23:49 Total Organic Carbon mg/L2.2 0.3

201008070007 ENSFT-00-07

08/06/2010 20:09 Dissolved UV Abs. at 254 nm cm -10.095 0.009

201008070008 CIO2TTHM-01-01

08/14/2010 00:14 Total Organic Carbon mg/L2.5 0.3

201008070009 CIO2TTHM-01-02

08/06/2010 20:05 Dissolved UV Abs. at 254 nm cm -10.044 0.009

201008070010 CIO2TTHM-00-02

08/06/2010 20:11 Dissolved UV Abs. at 254 nm cm -10.092 0.009

201008070011 CIO2TTHM-02-01

08/14/2010 00:38 Total Organic Carbon mg/L2.0 0.3

201008070012 CIO2TTHM-03-02

08/06/2010 20:06 Dissolved UV Abs. at 254 nm cm -10.036 0.009

201008070013 CIO2TTHM-02-02

08/06/2010 20:08 Dissolved UV Abs. at 254 nm cm -10.040 0.009

201008070014 CIO2TTHM-00-01

08/14/2010 01:03 Total Organic Carbon mg/L2.3 0.3

201008070015 CIO2TTHM-03-01

08/14/2010 01:30 Total Organic Carbon mg/L2.1 0.3

Hits Report - Page 1 of 3SUMMARY OF POSITIVE DATA ONLY
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory

Hits Report: 340249

Samples Received on:

08/06/2010

Analyzed Analyte Result Units MRLFederal

MCL

Sample ID

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

201008070016 CIO2-00-02

08/12/2010 19:02 Manganese Total ICAP/MS ug/L50530 2

201008070017 CIO2-00-02A

08/12/2010 19:07 Manganese Total ICAP/MS ug/L5062 2

201008070018 CIO2-00-03

08/18/2010 17:24 Iron Total ICAP mg/L0.36.7 0.1

201008070019 CIO2-05-07

08/12/2010 19:22 Manganese Total ICAP/MS ug/L50540 2

201008070020 CIO2-00-04

08/10/2010 17:42 Ammonia Nitrogen mg/L0.25 0.05

201008070021 CIO2-00-01

08/06/2010 14:50 Apparent Color ACU1550 6

08/06/2010 14:51 True Color Units50 6

201008070022 CIO2-00-01A

08/06/2010 14:49 Apparent Color ACU155.0 3

08/06/2010 14:50 True Color Units5.0 3

201008070023 CIO2TTHM-01-03

08/11/2010 04:53 Bromodichloromethane ug/L4.8 0.5

08/11/2010 04:53 Bromoform ug/L1.3 0.5

08/11/2010 04:53 Chloroform ug/L4.1 0.5

08/11/2010 04:53 Dibromochloromethane ug/L4.6 0.5

08/11/2010 04:53 Total Trihalomethanes ug/L8015 0.5

201008070024 CIO2TTHM-03-03

08/11/2010 05:18 Bromodichloromethane ug/L8.0 0.5

08/11/2010 05:18 Bromoform ug/L1.2 0.5

08/11/2010 05:18 Chloroform ug/L13 0.5

08/11/2010 05:18 Dibromochloromethane ug/L5.1 0.5

08/11/2010 05:18 Total Trihalomethanes ug/L8027 0.5

201008070025 CIO2TTHM-02-03

08/13/2010 19:09 Bromodichloromethane ug/L4.2 0.5

08/13/2010 19:09 Bromoform ug/L2.2 0.5

08/13/2010 19:09 Chloroform ug/L3.0 0.5

08/13/2010 19:09 Dibromochloromethane ug/L5.5 0.5

Hits Report - Page 2 of 3SUMMARY OF POSITIVE DATA ONLY
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory

Hits Report: 340249

Samples Received on:

08/06/2010

Analyzed Analyte Result Units MRLFederal

MCL

Sample ID

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

08/13/2010 19:09 Total Trihalomethanes ug/L8015 0.5

201008070026 ENSFT-01-03

08/13/2010 19:34 Bromodichloromethane ug/L5.2 0.5

08/13/2010 19:34 Bromoform ug/L0.65 0.5

08/13/2010 19:34 Chloroform ug/L11 0.5

08/13/2010 19:34 Dibromochloromethane ug/L3.6 0.5

08/13/2010 19:34 Total Trihalomethanes ug/L8020 0.5

201008070027 ENSFT-02-03

08/13/2010 19:59 Bromodichloromethane ug/L3.2 0.5

08/13/2010 19:59 Bromoform ug/L0.90 0.5

08/13/2010 19:59 Chloroform ug/L6.8 0.5

08/13/2010 19:59 Dibromochloromethane ug/L2.8 0.5

08/13/2010 19:59 Total Trihalomethanes ug/L8014 0.5

201008070028 ENSFT-03-03

08/13/2010 20:24 Bromodichloromethane ug/L4.6 0.5

08/13/2010 20:24 Bromoform ug/L1.1 0.5

08/13/2010 20:24 Chloroform ug/L7.2 0.5

08/13/2010 20:24 Dibromochloromethane ug/L3.5 0.5

08/13/2010 20:24 Total Trihalomethanes ug/L8016 0.5

Hits Report - Page 3 of 3SUMMARY OF POSITIVE DATA ONLY
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Data 

Report: 340249

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

Samples Received on:

08/06/2010

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

ENSFT-02-01 (201008070001) Sampled on   08/05/2010 0330

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  11.9 22:3508/13/2010

ENSFT-01-02 (201008070002) Sampled on   08/05/2010 0300

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.062 (Q3)20:0708/06/2010

ENSFT-00-06 (201008070003) Sampled on   08/04/2010 2210

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.3 22:5908/13/2010

ENSFT-03-01 (201008070004) Sampled on   08/05/2010 0500

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.3 23:2408/13/2010

ENSFT-02-02 (201008070005) Sampled on   08/05/2010 0330

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.096 (Q3)20:1008/06/2010

ENSFT-01-01 (201008070006) Sampled on   08/05/2010 0300

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.2 23:4908/13/2010

ENSFT-00-07 (201008070007) Sampled on   08/04/2010 2214

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.095 (Q3)20:0908/06/2010

CIO2TTHM-01-01 (201008070008) Sampled on   08/04/2010 0818

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.5 00:1408/14/2010

CIO2TTHM-01-02 (201008070009) Sampled on   08/04/2010 1800

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.044 20:0508/06/2010

Data Report - Page 1 of 5

Rounding on totals after summation.

(c) - indicates calculated results
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Data 

Report: 340249

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

Samples Received on:

08/06/2010

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

CIO2TTHM-00-02 (201008070010) Sampled on   08/04/2010 1900

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.092 (Q3)20:1108/06/2010

CIO2TTHM-02-01 (201008070011) Sampled on   08/04/2010 1920

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.0 00:3808/14/2010

CIO2TTHM-03-02 (201008070012) Sampled on   08/04/2010 1816

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.036 (Q3)20:0608/06/2010

CIO2TTHM-02-02 (201008070013) Sampled on   08/04/2010 1730

SM 5910 - Dissolved UV Abs. at 254 nm
 564567 Dissolved UV Abs. at 254 nm cm -1(SM 5910) 0.009  10.040 (Q3)20:0808/06/2010

CIO2TTHM-00-01 (201008070014) Sampled on   08/04/2010 1730

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.3 01:0308/14/2010

CIO2TTHM-03-01 (201008070015) Sampled on   08/04/2010 1810

SM5310C/E415.3 - Total Organic Carbon
 565296 Total Organic Carbon mg/L(SM5310C/E415.3) 0.3  12.1 01:3008/14/2010

CIO2-00-02 (201008070016) Sampled on   08/04/2010 1500

EPA 200.8 - ICPMS Metals
 565194 Manganese Total ICAP/MS ug/L(EPA 200.8) 2  1530 19:0208/12/2010

CIO2-00-02A (201008070017) Sampled on   08/04/2010 1500

EPA 200.8 - ICPMS Metals
 565194 Manganese Total ICAP/MS ug/L(EPA 200.8) 2  162 19:0708/12/2010

CIO2-00-03 (201008070018) Sampled on   08/04/2010 1500

EPA 200.7 - ICP Metals
 565998 Iron Total ICAP mg/L(EPA 200.7) 0.1  56.7 17:2408/18/2010

Data Report - Page 2 of 5

Rounding on totals after summation.

(c) - indicates calculated results
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Data 

Report: 340249

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

Samples Received on:

08/06/2010

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

CIO2-05-07 (201008070019) Sampled on   08/04/2010 1500

EPA 200.8 - ICPMS Metals
 565194 Manganese Total ICAP/MS ug/L(EPA 200.8) 2  1540 19:2208/12/2010

CIO2-00-04 (201008070020) Sampled on   08/04/2010 0150

EPA 350.1 - Ammonia Nitrogen
 565193 Ammonia Nitrogen mg/L(EPA 350.1) 0.05  10.25 17:4208/10/2010

CIO2-00-01 (201008070021) Sampled on   08/04/2010 0150

EPA 110.2 - True Color
 564617 True Color Units(EPA 110.2) 6  250 14:5108/06/2010

SM 2120B - Apparent Color
 564665 Apparent Color ACU(SM 2120B) 6  250 14:5008/06/2010

CIO2-00-01A (201008070022) Sampled on   08/04/2010 0150

EPA 110.2 - True Color
 564617 True Color Units(EPA 110.2) 3  15.0 14:5008/06/2010

SM 2120B - Apparent Color
 564665 Apparent Color ACU(SM 2120B) 3  15.0 14:4908/06/2010

CIO2TTHM-01-03 (201008070023) Sampled on   08/04/2010 1800

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/10/2010  564867 Bromodichloromethane ug/L(EPA 551.1) 0.5  14.8 04:5308/11/2010

8/10/2010  564867 Bromoform ug/L(EPA 551.1) 0.5  11.3 04:5308/11/2010

8/10/2010  564867 Chloroform ug/L(EPA 551.1) 0.5  14.1 04:5308/11/2010

8/10/2010  564867 Dibromochloromethane ug/L(EPA 551.1) 0.5  14.6 04:5308/11/2010

8/10/2010  564867 Total Trihalomethanes ug/L(EPA 551.1) 0.5  115 04:5308/11/2010

8/10/2010  564867 1,2-Dibromopropane %(EPA 551.1)  194 04:5308/11/2010

8/10/2010  564867 4-Bromofluorobenzene %(EPA 551.1)  1106 04:5308/11/2010

CIO2TTHM-03-03 (201008070024) Sampled on   08/04/2010 1815

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/10/2010  564867 Bromodichloromethane ug/L(EPA 551.1) 0.5  18.0 05:1808/11/2010

8/10/2010  564867 Bromoform ug/L(EPA 551.1) 0.5  11.2 05:1808/11/2010

8/10/2010  564867 Chloroform ug/L(EPA 551.1) 0.5  113 05:1808/11/2010

Data Report - Page 3 of 5

Rounding on totals after summation.

(c) - indicates calculated results
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Data 

Report: 340249

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

Samples Received on:

08/06/2010

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

8/10/2010  564867 Dibromochloromethane ug/L(EPA 551.1) 0.5  15.1 05:1808/11/2010

8/10/2010  564867 Total Trihalomethanes ug/L(EPA 551.1) 0.5  127 05:1808/11/2010

8/10/2010  564867 1,2-Dibromopropane %(EPA 551.1)  191 05:1808/11/2010

8/10/2010  564867 4-Bromofluorobenzene %(EPA 551.1)  1107 05:1808/11/2010

CIO2TTHM-02-03 (201008070025) Sampled on   08/04/2010 1845

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/12/2010  565304 Bromodichloromethane ug/L(EPA 551.1) 0.5  14.2 19:0908/13/2010

8/12/2010  565304 Bromoform ug/L(EPA 551.1) 0.5  12.2 19:0908/13/2010

8/12/2010  565304 Chloroform ug/L(EPA 551.1) 0.5  13.0 19:0908/13/2010

8/12/2010  565304 Dibromochloromethane ug/L(EPA 551.1) 0.5  15.5 19:0908/13/2010

8/12/2010  565304 Total Trihalomethanes ug/L(EPA 551.1) 0.5  115 19:0908/13/2010

8/12/2010  565304 1,2-Dibromopropane %(EPA 551.1)  1101 19:0908/13/2010

8/12/2010  565304 4-Bromofluorobenzene %(EPA 551.1)  1105 19:0908/13/2010

ENSFT-01-03 (201008070026) Sampled on   08/05/2010 0300

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/12/2010  565304 Bromodichloromethane ug/L(EPA 551.1) 0.5  15.2 19:3408/13/2010

8/12/2010  565304 Bromoform ug/L(EPA 551.1) 0.5  10.65 19:3408/13/2010

8/12/2010  565304 Chloroform ug/L(EPA 551.1) 0.5  111 19:3408/13/2010

8/12/2010  565304 Dibromochloromethane ug/L(EPA 551.1) 0.5  13.6 19:3408/13/2010

8/12/2010  565304 Total Trihalomethanes ug/L(EPA 551.1) 0.5  120 19:3408/13/2010

8/12/2010  565304 1,2-Dibromopropane %(EPA 551.1)  1100 19:3408/13/2010

8/12/2010  565304 4-Bromofluorobenzene %(EPA 551.1)  1105 19:3408/13/2010

ENSFT-02-03 (201008070027) Sampled on   08/05/2010 0330

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/12/2010  565304 Bromodichloromethane ug/L(EPA 551.1) 0.5  13.2 19:5908/13/2010

8/12/2010  565304 Bromoform ug/L(EPA 551.1) 0.5  10.90 19:5908/13/2010

8/12/2010  565304 Chloroform ug/L(EPA 551.1) 0.5  16.8 19:5908/13/2010

8/12/2010  565304 Dibromochloromethane ug/L(EPA 551.1) 0.5  12.8 19:5908/13/2010

8/12/2010  565304 Total Trihalomethanes ug/L(EPA 551.1) 0.5  114 19:5908/13/2010

8/12/2010  565304 1,2-Dibromopropane %(EPA 551.1)  1101 19:5908/13/2010

8/12/2010  565304 4-Bromofluorobenzene %(EPA 551.1)  1106 19:5908/13/2010

Data Report - Page 4 of 5

Rounding on totals after summation.

(c) - indicates calculated results
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory Data 

Report: 340249

Prepared Analyzed QC Ref # Method Analyte Result Units MRL Dilution

Samples Received on:

08/06/2010

Carollo Engineers

Thomas Crowley

7007 College Blvd Suite 550

Overland Park, KS 66211

ENSFT-03-03 (201008070028) Sampled on   08/05/2010 0640

EPA 551.1 - EPA Method 551.1 Trihalomethanes
8/12/2010  565304 Bromodichloromethane ug/L(EPA 551.1) 0.5  14.6 20:2408/13/2010

8/12/2010  565304 Bromoform ug/L(EPA 551.1) 0.5  11.1 20:2408/13/2010

8/12/2010  565304 Chloroform ug/L(EPA 551.1) 0.5  17.2 20:2408/13/2010

8/12/2010  565304 Dibromochloromethane ug/L(EPA 551.1) 0.5  13.5 20:2408/13/2010

8/12/2010  565304 Total Trihalomethanes ug/L(EPA 551.1) 0.5  116 20:2408/13/2010

8/12/2010  565304 1,2-Dibromopropane %(EPA 551.1)  1101 20:2408/13/2010

8/12/2010  565304 4-Bromofluorobenzene %(EPA 551.1)  1105 20:2408/13/2010

Data Report - Page 5 of 5

Rounding on totals after summation.

(c) - indicates calculated results
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Laboratory

QC Summary: 340249

A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Carollo Engineers

QC Ref # 564567 - Dissolved UV Abs. at 254 nm Analysis Date: 08/06/2010

ENSFT-01-02 Analyzed by: JRF201008070002

ENSFT-02-02 Analyzed by: JRF201008070005

ENSFT-00-07 Analyzed by: JRF201008070007

CIO2TTHM-01-02 Analyzed by: JRF201008070009

CIO2TTHM-00-02 Analyzed by: JRF201008070010

CIO2TTHM-03-02 Analyzed by: JRF201008070012

CIO2TTHM-02-02 Analyzed by: JRF201008070013

QC Ref # 564617 - True Color Analysis Date: 08/06/2010

CIO2-00-01 Analyzed by: NEM201008070021

CIO2-00-01A Analyzed by: NEM201008070022

QC Ref # 564665 - Apparent Color Analysis Date: 08/06/2010

CIO2-00-01 Analyzed by: NEM201008070021

CIO2-00-01A Analyzed by: NEM201008070022

QC Ref # 564867 - EPA Method 551.1 Trihalomethanes Analysis Date: 08/11/2010

CIO2TTHM-01-03 Analyzed by: LRL201008070023

CIO2TTHM-03-03 Analyzed by: LRL201008070024

QC Ref # 565193 - Ammonia Nitrogen Analysis Date: 08/10/2010

CIO2-00-04 Analyzed by: NJR201008070020

QC Ref # 565194 - ICPMS Metals Analysis Date: 08/12/2010

CIO2-00-02 Analyzed by: DYH201008070016

CIO2-00-02A Analyzed by: DYH201008070017

CIO2-05-07 Analyzed by: DYH201008070019

QC Ref # 565296 - Total Organic Carbon Analysis Date: 08/13/2010

ENSFT-02-01 Analyzed by: KXS201008070001

ENSFT-00-06 Analyzed by: KXS201008070003

ENSFT-03-01 Analyzed by: KXS201008070004

ENSFT-01-01 Analyzed by: KXS201008070006

CIO2TTHM-01-01 Analyzed by: KXS201008070008

CIO2TTHM-02-01 Analyzed by: KXS201008070011

CIO2TTHM-00-01 Analyzed by: KXS201008070014

CIO2TTHM-03-01 Analyzed by: KXS201008070015

QC Ref # 565304 - EPA Method 551.1 Trihalomethanes Analysis Date: 08/13/2010

CIO2TTHM-02-03 Analyzed by: LRL201008070025

ENSFT-01-03 Analyzed by: LRL201008070026

ENSFT-02-03 Analyzed by: LRL201008070027

ENSFT-03-03 Analyzed by: LRL201008070028

QC Ref # 565998 - ICP Metals Analysis Date: 08/18/2010

CIO2-00-03 Analyzed by: NINA201008070018

QC Summary - Page 1 of 1
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Laboratory

QC Report: 340249A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

QC Type Analyte Spiked Limits (%) RPD%Recovered Units Yield (%)Native
RPDLimit 

(%)

Carollo Engineers

QC Ref#  564567 - Dissolved UV Abs. at 254 nm by SM 5910 Analysis Date: 08/06/2010

DUP1_201008050215 UV absorbance at 254 nm 0.0240 cm -1 (0-15) 320.033 15

DUP2_201008030228 UV absorbance at 254 nm 0.0840 cm -1 (0-15) 0.00.084 15

LCS1 UV absorbance at 254 nm 0.37 0.426 cm -1 116 (83-121)

MBLK UV absorbance at 254 nm <0.004 cm -1

MRL_CHK UV absorbance at 254 nm 0.009 0.00800 cm -1 89 (85-115)

QC Ref#  564617 - True Color by EPA 110.2 Analysis Date: 08/06/2010

DUP1_201009020207 True Color ND UnitsND

MBLK True Color < Units

QC Ref#  564665 - Apparent Color by SM 2120B Analysis Date: 08/06/2010

DUP_201008060242 Apparent Color ND ACU (0-20)ND

DUP1_201008060009 Apparent Color ND ACU (0-20)ND

MBLK Apparent Color <3 ACU

QC Ref#  564867 - EPA Method 551.1 Trihalomethanes by EPA 551.1 Analysis Date: 08/10/2010

CCCH 1,2-Dibromopropane   (S) 95.1 % 95 (80-120)

CCCM 1,2-Dibromopropane   (S) 101 % 101 (80-120)

DUP1_201008060245 1,2-Dibromopropane   (S) 94.1 % 94 (80-120)

DUP2_201008060254 1,2-Dibromopropane   (S) 97.0 % 97 (80-120)

LCS 1,2-Dibromopropane   (S) 95.3 % 95 (80-120)

MBLK 1,2-Dibromopropane   (S) 96.1 % 96 (80-120)

MRL_CHK 1,2-Dibromopropane   (S) 93.6 % 94 (80-120)

MS1_201008060053 1,2-Dibromopropane   (S) 91.2 % 91 (80-120)

MS2_201008060253 1,2-Dibromopropane   (S) 98.4 % 98 (80-120)

CCCH 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

CCCM 4-Bromofluorobenzene   (I) 102 % 102 (80-120)

DUP1_201008060245 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

DUP2_201008060254 4-Bromofluorobenzene   (I) 102 % 102 (80-120)

LCS 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

MBLK 4-Bromofluorobenzene   (I) 102 % 102 (80-120)

MRL_CHK 4-Bromofluorobenzene   (I) 103 % 103 (80-120)

MS1_201008060053 4-Bromofluorobenzene   (I) 103 % 103 (80-120)

MS2_201008060253 4-Bromofluorobenzene   (I) 102 % 102 (80-120)

CCCH Bromodichloromethane 40 34.3 ug/L 86 (80-120)

CCCM Bromodichloromethane 20 18.5 ug/L 93 (80-120)

DUP1_201008060245 Bromodichloromethane 7.06 ug/L (0-20) 3.47.3 20

DUP2_201008060254 Bromodichloromethane 12.6 ug/L (0-20) 2.713 20

QC Report - Page 1 of 11

Spike recovery is already corrected for native results.

Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.

Criteria for MS and Dup are advisory only, batch control is based on LCS or CCC.  Criteria for duplicates

are  advisory only, unless otherwise specified in the method.

(S) Indicates surrogate compound.

(I) Indicates internal standard compound.

RPD not calculated for LCS2 when different a concentration than LCS1 is used

RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level)
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A Division of MWH Americas, Inc.

750 Royal Oak Dr., Suite 100

Monrovia, California, 91016-3629

Tel: 626 386 1100

Fax: 626 386 1101

1 800 566 LABS (1 800 566 5227)

Laboratory

QC Report: 340249

Carollo Engineers

(continued)

QC Type Analyte Spiked Limits (%)Recovered Units Yield (%)Native
RPDLimit 

(%)
RPD%

LCS Bromodichloromethane 5.0 4.27 ug/L 85 (80-120)

MBLK Bromodichloromethane <0.5 ug/L

MRL_CHK Bromodichloromethane 0.5 0.425 ug/L 85 (50-150)

MS1_201008060053 Bromodichloromethane 20 13.0 ug/L 64 (80-120)ND

MS2_201008060253 Bromodichloromethane 40 36.4 ug/L 72 (80-120)7.6

CCCH Bromoform 40 38.3 ug/L 96 (80-120)

CCCM Bromoform 20 20.0 ug/L 100 (80-120)

DUP1_201008060245 Bromoform 0.155 ug/L (0-20) 10ND 20

DUP2_201008060254 Bromoform 1.05 ug/L (0-20) 2.51.1 20

LCS Bromoform 5.0 5.29 ug/L 106 (80-120)

MBLK Bromoform <0.5 ug/L

MRL_CHK Bromoform 0.5 0.591 ug/L 118 (50-150)

MS1_201008060053 Bromoform 20 18.7 ug/L 80 (80-120)2.8

MS2_201008060253 Bromoform 40 37.6 ug/L 92 (80-120)0.83

CCCH Chloroform 40 33.1 ug/L 83 (80-120)

CCCM Chloroform 20 18.3 ug/L 91 (80-120)

DUP1_201008060245 Chloroform 24.4 ug/L (0-20) 3.325 20

DUP2_201008060254 Chloroform 31.4 ug/L (0-20) 2.832 20

LCS Chloroform 5.0 4.46 ug/L 89 (80-120)

MBLK Chloroform <0.5 ug/L

MRL_CHK Chloroform 0.5 0.588 ug/L 118 (50-150)

MS1_201008060053 Chloroform 20 12.1 ug/L 59 (80-120)ND

MS2_201008060253 Chloroform 40 47.1 ug/L 64 (80-120)21

CCCH Dibromochloromethane 40 35.7 ug/L 89 (80-120)

CCCM Dibromochloromethane 20 19.0 ug/L 95 (80-120)

DUP1_201008060245 Dibromochloromethane 1.57 ug/L (0-20) 2.81.6 20

DUP2_201008060254 Dibromochloromethane 6.01 ug/L (0-20) 2.45.9 20

LCS Dibromochloromethane 5.0 4.58 ug/L 92 (80-120)

MBLK Dibromochloromethane <0.5 ug/L

MRL_CHK Dibromochloromethane 0.5 0.452 ug/L 90 (50-150)

MS1_201008060053 Dibromochloromethane 20 14.7 ug/L 71 (80-120)0.51

MS2_201008060253 Dibromochloromethane 40 36.2 ug/L 82 (80-120)3.2

QC Ref#  565193 - Ammonia Nitrogen by EPA 350.1 Analysis Date: 08/10/2010

LCS1 Ammonia Nitrogen 1.0 1.07 mg/L 107 (90-110)

LCS2 Ammonia Nitrogen 1.0 1.06 mg/L 106 (90-110) 0.9420

MBLK Ammonia Nitrogen <0.05 mg/L

MRL_CHK Ammonia Nitrogen 0.05 0.0415 mg/L 83 (50-150)
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MS_201008060034 Ammonia Nitrogen 1.0 1.26 mg/L 107 (90-110)0.19

MS2_201008060035 Ammonia Nitrogen 1.0 1.12 mg/L 101 (90-110)0.11

MSD_201008060034 Ammonia Nitrogen 1.0 1.27 mg/L 108 (90-110) 0.930.19 20

QC Ref#  565194 - ICPMS Metals by EPA 200.8 Analysis Date: 08/12/2010

LCS1 Aluminum Total ICAP/MS 200 193 ug/L 97 (85-115)

LCS2 Aluminum Total ICAP/MS 200 192 ug/L 96 (85-115) 0.5220

MBLK Aluminum Total ICAP/MS <20 ug/L

MRL_CHK Aluminum Total ICAP/MS 20 22.7 ug/L 114 (50-150)

MS_201008060242 Aluminum Total ICAP/MS 200 182 ug/L 90 (70-130)ND

MS2_201008090230 Aluminum Total ICAP/MS 200 210 ug/L 88 (70-130)33

MSD_201008060242 Aluminum Total ICAP/MS 200 186 ug/L 93 (70-130) 2.5ND 20

MSD2_201008090230 Aluminum Total ICAP/MS 200 209 ug/L 88 (70-130) 0.4533 20

LCS1 Antimony Total ICAP/MS 50 47.7 ug/L 95 (85-115)

LCS2 Antimony Total ICAP/MS 50 48.1 ug/L 96 (85-115) 0.8420

MBLK Antimony Total ICAP/MS <1 ug/L

MRL_CHK Antimony Total ICAP/MS 1.0 1.09 ug/L 109 (50-150)

MS_201008060242 Antimony Total ICAP/MS 50 44.4 ug/L 88 (70-130)ND

MS2_201008090230 Antimony Total ICAP/MS 50 44.2 ug/L 88 (70-130)ND

MSD_201008060242 Antimony Total ICAP/MS 50 47.6 ug/L 95 (70-130) 6.9ND 20

MSD2_201008090230 Antimony Total ICAP/MS 50 44.8 ug/L 89 (70-130) 1.2ND 20

LCS1 Arsenic Total ICAP/MS 20 19.3 ug/L 96 (85-115)

LCS2 Arsenic Total ICAP/MS 20 19.3 ug/L 96 (85-115) 0.020

MBLK Arsenic Total ICAP/MS <1 ug/L

MRL_CHK Arsenic Total ICAP/MS 1.0 1.04 ug/L 104 (50-150)

MS_201008060242 Arsenic Total ICAP/MS 20 18.5 ug/L 92 (70-130)ND

MS2_201008090230 Arsenic Total ICAP/MS 20 20.6 ug/L 95 (70-130)1.6

MSD_201008060242 Arsenic Total ICAP/MS 20 19.2 ug/L 96 (70-130) 3.5ND 20

MSD2_201008090230 Arsenic Total ICAP/MS 20 20.6 ug/L 95 (70-130) 0.111.6 20

LCS1 Barium Total ICAP/MS 100 95.9 ug/L 96 (85-115)

LCS2 Barium Total ICAP/MS 100 95.9 ug/L 96 (85-115) 0.020

MBLK Barium Total ICAP/MS <2 ug/L

MRL_CHK Barium Total ICAP/MS 2.0 2.15 ug/L 108 (50-150)

MS_201008060242 Barium Total ICAP/MS 100 92.3 ug/L 91 (70-130)ND

MS2_201008090230 Barium Total ICAP/MS 100 170 ug/L 88 (70-130)82

MSD_201008060242 Barium Total ICAP/MS 100 96.9 ug/L 96 (70-130) 4.8ND 20

MSD2_201008090230 Barium Total ICAP/MS 100 169 ug/L 87 (70-130) 1.382 20

LCS1 Cadmium Total ICAP/MS 20 19.1 ug/L 96 (85-115)
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LCS2 Cadmium Total ICAP/MS 20 19.1 ug/L 96 (85-115) 0.020

MBLK Cadmium Total ICAP/MS <0.5 ug/L

MRL_CHK Cadmium Total ICAP/MS 0.5 0.491 ug/L 98 (50-150)

MS_201008060242 Cadmium Total ICAP/MS 20 18.4 ug/L 92 (70-130)ND

MS2_201008090230 Cadmium Total ICAP/MS 20 17.5 ug/L 87 (70-130)ND

MSD_201008060242 Cadmium Total ICAP/MS 20 19.5 ug/L 98 (70-130) 5.8ND 20

MSD2_201008090230 Cadmium Total ICAP/MS 20 17.6 ug/L 88 (70-130) 1.0ND 20

LCS1 Chromium Total ICAP/MS 100 96.6 ug/L 97 (85-115)

LCS2 Chromium Total ICAP/MS 100 96.6 ug/L 97 (85-115) 0.020

MBLK Chromium Total ICAP/MS <1 ug/L

MRL_CHK Chromium Total ICAP/MS 1.0 1.04 ug/L 104 (50-150)

MS_201008060242 Chromium Total ICAP/MS 100 89.9 ug/L 90 (70-130)ND

MS2_201008090230 Chromium Total ICAP/MS 100 93.4 ug/L 89 (70-130)4.5

MSD_201008060242 Chromium Total ICAP/MS 100 92.9 ug/L 93 (70-130) 3.3ND 20

MSD2_201008090230 Chromium Total ICAP/MS 100 94.0 ug/L 90 (70-130) 0.674.5 20

LCS1 Copper Total ICAP/MS 100 97.5 ug/L 98 (85-115)

LCS2 Copper Total ICAP/MS 100 98.1 ug/L 98 (85-115) 0.6120

MBLK Copper Total ICAP/MS <2 ug/L

MRL_CHK Copper Total ICAP/MS 2.0 2.18 ug/L 109 (50-150)

MS_201008060242 Copper Total ICAP/MS 100 91.6 ug/L 92 (70-130)ND

MS2_201008090230 Copper Total ICAP/MS 100 394 ug/L 72 (70-130)322

MSD_201008060242 Copper Total ICAP/MS 100 94.5 ug/L 95 (70-130) 3.1ND 20

MSD2_201008090230 Copper Total ICAP/MS 100 395 ug/L 73 (70-130) 1.4322 20

LCS1 Lead Total ICAP/MS 20 19.3 ug/L 97 (85-115)

LCS2 Lead Total ICAP/MS 20 19.2 ug/L 96 (85-115) 0.5220

MBLK Lead Total ICAP/MS <0.5 ug/L

MRL_CHK Lead Total ICAP/MS 0.5 0.499 ug/L 100 (50-150)

MS_201008060242 Lead Total ICAP/MS 20 18.1 ug/L 91 (70-130)ND

MS2_201008090230 Lead Total ICAP/MS 20 18.1 ug/L 86 (70-130)0.89

MSD_201008060242 Lead Total ICAP/MS 20 19.1 ug/L 95 (70-130) 4.9ND 20

MSD2_201008090230 Lead Total ICAP/MS 20 18.3 ug/L 87 (70-130) 0.690.89 20

LCS1 Manganese Total ICAP/MS 50 49.2 ug/L 98 (85-115)

LCS2 Manganese Total ICAP/MS 50 49.7 ug/L 100 (85-115) 1.020

MBLK Manganese Total ICAP/MS <2 ug/L

MRL_CHK Manganese Total ICAP/MS 2.0 2.14 ug/L 107 (50-150)

MS_201008060242 Manganese Total ICAP/MS 50 46.7 ug/L 93 (70-130)ND

MS2_201008090230 Manganese Total ICAP/MS 50 46.0 ug/L 91 (70-130)ND

MSD_201008060242 Manganese Total ICAP/MS 50 48.4 ug/L 97 (70-130) 3.6ND 20
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MSD2_201008090230 Manganese Total ICAP/MS 50 46.3 ug/L 91 (70-130) 0.66ND 20

LCS1 Molybdenum Total ICAP/MS 100 95.9 ug/L 96 (85-115)

LCS2 Molybdenum Total ICAP/MS 100 96.3 ug/L 96 (85-115) 0.5220

MBLK Molybdenum Total ICAP/MS <2 ug/L

MRL_CHK Molybdenum Total ICAP/MS 2.0 2.17 ug/L 108 (50-150)

MS_201008060242 Molybdenum Total ICAP/MS 100 88.0 ug/L 87 (70-130)ND

MS2_201008090230 Molybdenum Total ICAP/MS 100 89.9 ug/L 86 (70-130)4.4

MSD_201008060242 Molybdenum Total ICAP/MS 100 94.5 ug/L 94 (70-130) 7.2ND 20

MSD2_201008090230 Molybdenum Total ICAP/MS 100 91.5 ug/L 87 (70-130) 1.94.4 20

LCS1 Nickel Total ICAP/MS 50 48.7 ug/L 97 (85-115)

LCS2 Nickel Total ICAP/MS 50 48.6 ug/L 97 (85-115) 0.2120

MBLK Nickel Total ICAP/MS <5 ug/L

MRL_CHK Nickel Total ICAP/MS 5.0 5.29 ug/L 106 (50-150)

MS_201008060242 Nickel Total ICAP/MS 50 45.1 ug/L 90 (70-130)ND

MS2_201008090230 Nickel Total ICAP/MS 50 44.5 ug/L 85 (70-130)ND

MSD_201008060242 Nickel Total ICAP/MS 50 46.4 ug/L 93 (70-130) 2.8ND 20

MSD2_201008090230 Nickel Total ICAP/MS 50 44.9 ug/L 85 (70-130) 0.82ND 20

LCS1 Selenium Total ICAP/MS 20 19.5 ug/L 97 (85-115)

LCS2 Selenium Total ICAP/MS 20 19.2 ug/L 96 (85-115) 1.620

MBLK Selenium Total ICAP/MS <5 ug/L

MRL_CHK Selenium Total ICAP/MS 5.0 5.15 ug/L 103 (50-150)

MS_201008060242 Selenium Total ICAP/MS 20 19.6 ug/L 98 (70-130)ND

MS2_201008090230 Selenium Total ICAP/MS 20 21.0 ug/L 100 (70-130)ND

MSD_201008060242 Selenium Total ICAP/MS 20 20.1 ug/L 100 (70-130) 2.1ND 20

MSD2_201008090230 Selenium Total ICAP/MS 20 20.5 ug/L 98 (70-130) 1.9ND 20

LCS1 Silver Total ICAP/MS 50 48.4 ug/L 97 (85-115)

LCS2 Silver Total ICAP/MS 50 48.3 ug/L 97 (85-115) 0.2120

MBLK Silver Total ICAP/MS <0.5 ug/L

MRL_CHK Silver Total ICAP/MS 0.5 0.503 ug/L 101 (50-150)

MS_201008060242 Silver Total ICAP/MS 50 44.2 ug/L 88 (70-130)ND

MS2_201008090230 Silver Total ICAP/MS 50 39.8 ug/L 80 (70-130)ND

MSD_201008060242 Silver Total ICAP/MS 50 46.0 ug/L 92 (70-130) 3.9ND 20

MSD2_201008090230 Silver Total ICAP/MS 50 40.1 ug/L 80 (70-130) 0.75ND 20

LCS1 Uranium ICAP/MS 20 19.7 ug/L 98 (85-115)

LCS2 Uranium ICAP/MS 20 19.9 ug/L 99 (85-115) 1.020

MBLK Uranium ICAP/MS <1 ug/L

MRL_CHK Uranium ICAP/MS 1.0 0.865 ug/L 87 (50-150)

MS_201008060242 Uranium ICAP/MS 20 18.3 ug/L 92 (70-130)ND
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MS2_201008090230 Uranium ICAP/MS 20 31.2 ug/L 99 (70-130)11

MSD_201008060242 Uranium ICAP/MS 20 19.2 ug/L 96 (70-130) 4.6ND 20

MSD2_201008090230 Uranium ICAP/MS 20 30.3 ug/L 95 (70-130) 4.311 20

QC Ref#  565296 - Total Organic Carbon by SM5310C/E415.3 Analysis Date: 08/13/2010

LCS3 Total Organic Carbon 5.0 4.96 mg/L 99 (90-110)

LCS4 Total Organic Carbon 5.0 5.03 mg/L 101 (90-110) 1.220

MBLK Total Organic Carbon <0.3 mg/L

MRL_CHK Total Organic Carbon 0.2 0.241 mg/L 120 (50-150)

MS_201008050457 Total Organic Carbon 4.0 13.3 mg/L 99 (80-120)5.4

MS2_201008070015 Total Organic Carbon 2.0 4.13 mg/L 99 (80-120)2.1

MSD_201008050457 Total Organic Carbon 4.0 13.4 mg/L 100 (80-120) 1.45.4 20

QC Ref#  565304 - EPA Method 551.1 Trihalomethanes by EPA 551.1 Analysis Date: 08/13/2010

CCCH 1,2-Dibromopropane   (S) 98.8 % 99 (80-120)

CCCM 1,2-Dibromopropane   (S) 100 % 100 (80-120)

DUP1_201008110143 1,2-Dibromopropane   (S) 97.6 % 98 (80-120)

DUP2_201008110153 1,2-Dibromopropane   (S) 101 % 101 (80-120)

MBLK 1,2-Dibromopropane   (S) 98.5 % 99 (80-120)

MRL_CHK 1,2-Dibromopropane   (S) 99.8 % 100 (80-120)

MS1_201008110141 1,2-Dibromopropane   (S) 92.1 % 92 (80-120)

MS2_201008110152 1,2-Dibromopropane   (S) 94.7 % 95 (80-120)

CCCH 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

CCCM 4-Bromofluorobenzene   (I) 102 % 102 (80-120)

DUP1_201008110143 4-Bromofluorobenzene   (I) 103 % 103 (80-120)

DUP2_201008110153 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

MBLK 4-Bromofluorobenzene   (I) 100 % 100 (80-120)

MRL_CHK 4-Bromofluorobenzene   (I) 100 % 100 (80-120)

MS1_201008110141 4-Bromofluorobenzene   (I) 101 % 101 (80-120)

MS2_201008110152 4-Bromofluorobenzene   (I) 99.4 % 99 (80-120)

CCCH Bromodichloromethane 40 38.4 ug/L 96 (80-120)

CCCM Bromodichloromethane 20 20.2 ug/L 101 (80-120)

DUP1_201008110143 Bromodichloromethane 12.7 ug/L (0-20) 1.613 20

DUP2_201008110153 Bromodichloromethane 13.3 ug/L (0-20) 0.9813 20

MBLK Bromodichloromethane <0.5 ug/L

MRL_CHK Bromodichloromethane 0.5 0.443 ug/L 89 (50-150)

MS1_201008110141 Bromodichloromethane 20 30.8 ug/L 91 (80-120)13

MS2_201008110152 Bromodichloromethane 40 52.7 ug/L 108 (80-120)9.7
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CCCH Bromoform 40 40.8 ug/L 102 (80-120)

CCCM Bromoform 20 22.1 ug/L 110 (80-120)

DUP1_201008110143 Bromoform 0.968 ug/L (0-20) 0.180.97 20

DUP2_201008110153 Bromoform 0.956 ug/L (0-20) 1.10.97 20

MBLK Bromoform <0.5 ug/L

MRL_CHK Bromoform 0.5 0.634 ug/L 127 (50-150)

MS1_201008110141 Bromoform 20 22.2 ug/L 107 (80-120)0.70

MS2_201008110152 Bromoform 40 44.9 ug/L 110 (80-120)0.81

CCCH Chloroform 40 38.0 ug/L 95 (80-120)

CCCM Chloroform 20 20.0 ug/L 100 (80-120)

DUP1_201008110143 Chloroform 20.7 ug/L (0-20) 1.621 20

DUP2_201008110153 Chloroform 24.7 ug/L (0-20) 0.8125 20

MBLK Chloroform <0.5 ug/L

MRL_CHK Chloroform 0.5 0.601 ug/L 120 (50-150)

MS1_201008110141 Chloroform 20 45.6 ug/L 85 (80-120)29

MS2_201008110152 Chloroform 40 55.5 ug/L 108 (80-120)12

CCCH Dibromochloromethane 40 38.5 ug/L 96 (80-120)

CCCM Dibromochloromethane 20 20.5 ug/L 103 (80-120)

DUP1_201008110143 Dibromochloromethane 6.96 ug/L (0-20) 1.57.1 20

DUP2_201008110153 Dibromochloromethane 7.26 ug/L (0-20) 3.87.0 20

MBLK Dibromochloromethane <0.5 ug/L

MRL_CHK Dibromochloromethane 0.5 0.467 ug/L 94 (50-150)

MS1_201008110141 Dibromochloromethane 20 24.9 ug/L 96 (80-120)5.8

MS2_201008110152 Dibromochloromethane 40 48.7 ug/L 108 (80-120)5.5

QC Ref#  565998 - ICP Metals by EPA 200.7 Analysis Date: 08/18/2010

LCS1 Aluminum Total ICAP 2.0 1.85 mg/L 93 (85-115)

LCS2 Aluminum Total ICAP 2.0 1.87 mg/L 94 (85-115) 1.120

MBLK Aluminum Total ICAP <0.05 mg/L

MRL_CHK Aluminum Total ICAP 0.05 0.0328 mg/L 66 (50-150)

MS_201008070078 Aluminum Total ICAP 2.0 1.8 mg/L 89 (70-130)ND

MSD_201008070078 Aluminum Total ICAP 2.0 1.82 mg/L 90 (70-130) 1.1ND 20

MBLK Arsenic Total ICAP <0.1 mg/L

LCS1 Barium Total ICAP 1.0 0.991 mg/L 99 (85-115)

LCS2 Barium Total ICAP 1.0 0.991 mg/L 99 (85-115) 0.020

MBLK Barium Total ICAP <0.02 mg/L

MRL_CHK Barium Total ICAP 0.02 0.0204 mg/L 102 (50-150)

MS_201008070078 Barium Total ICAP 1.0 0.967 mg/L 94 (70-130)0.027
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MSD_201008070078 Barium Total ICAP 1.0 0.973 mg/L 95 (70-130) 0.640.027 20

LCS1 Beryllium Total ICAP 0.05 0.0518 mg/L 104 (85-115)

LCS2 Beryllium Total ICAP 0.05 0.0517 mg/L 103 (85-115) 0.1920

MBLK Beryllium Total ICAP <0.001 mg/L

MRL_CHK Beryllium Total ICAP 0.001 0.00116 mg/L 116 (50-150)

MS_201008070078 Beryllium Total ICAP 0.05 0.0485 mg/L 97 (70-130)ND

MSD_201008070078 Beryllium Total ICAP 0.05 0.0488 mg/L 97 (70-130) 0.52ND 20

LCS1 Boron Total ICAP 0.5 0.487 mg/L 97 (85-115)

LCS2 Boron Total ICAP 0.5 0.487 mg/L 98 (85-115) 0.020

MBLK Boron Total ICAP <0.05 mg/L

MRL_CHK Boron Total ICAP 0.05 0.0555 mg/L 111 (50-150)

MS_201008070078 Boron Total ICAP 0.5 0.727 mg/L 93 (70-130)0.26

MSD_201008070078 Boron Total ICAP 0.5 0.731 mg/L 94 (70-130) 0.750.26 20

LCS1 Cadmium Total ICAP 0.2 0.194 mg/L 97 (85-115)

LCS2 Cadmium Total ICAP 0.2 0.192 mg/L 96 (85-115) 1.020

MBLK Cadmium Total ICAP <0.005 mg/L

MRL_CHK Cadmium Total ICAP 0.005 0.00483 mg/L 97 (50-150)

MS_201008070078 Cadmium Total ICAP 0.2 0.184 mg/L 92 (70-130)ND

MSD_201008070078 Cadmium Total ICAP 0.2 0.186 mg/L 93 (70-130) 1.2ND 20

LCS1 Calcium Total ICAP 50 54.8 mg/L 110 (85-115)

LCS2 Calcium Total ICAP 50 53.6 mg/L 107 (85-115) 2.220

MBLK Calcium Total ICAP <1 mg/L

MRL_CHK Calcium Total ICAP 1.0 0.986 mg/L 99 (50-150)

MS_201008070078 Calcium Total ICAP 50 67.1 mg/L 98 (70-130)18

MSD_201008070078 Calcium Total ICAP 50 67.0 mg/L 98 (70-130) 0.3118 20

LCS1 Chromium Total ICAP 1.0 1.00 mg/L 100 (85-115)

LCS2 Chromium Total ICAP 1.0 0.999 mg/L 100 (85-115) 0.1020

MBLK Chromium Total ICAP <0.01 mg/L

MRL_CHK Chromium Total ICAP 0.01 0.0105 mg/L 105 (50-150)

MS_201008070078 Chromium Total ICAP 1.0 0.945 mg/L 95 (70-130)ND

MSD_201008070078 Chromium Total ICAP 1.0 0.950 mg/L 95 (70-130) 0.53ND 20

LCS1 Cobalt Total ICAP 1.0 1.00 mg/L 100 (85-115)

LCS2 Cobalt Total ICAP 1.0 1.00 mg/L 100 (85-115) 0.020

MBLK Cobalt Total ICAP <0.05 mg/L

MRL_CHK Cobalt Total ICAP 0.05 0.0521 mg/L 104 (50-150)

MS_201008070078 Cobalt Total ICAP 1.0 0.949 mg/L 95 (70-130)ND

MSD_201008070078 Cobalt Total ICAP 1.0 0.956 mg/L 96 (70-130) 0.74ND 20

LCS1 Iron Total ICAP 5.0 4.97 mg/L 99 (85-115)
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LCS2 Iron Total ICAP 5.0 5.01 mg/L 100 (85-115) 0.8020

MBLK Iron Total ICAP <0.02 mg/L

MRL_CHK Iron Total ICAP 0.02 0.0224 mg/L 112 (50-150)

MS_201008070078 Iron Total ICAP 5.0 4.79 mg/L 96 (70-130)ND

MSD_201008070078 Iron Total ICAP 5.0 4.83 mg/L 97 (70-130) 0.94ND 20

LCS1 Lead Total ICAP 1.0 1.04 mg/L 104 (85-115)

LCS2 Lead Total ICAP 1.0 1.04 mg/L 104 (85-115) 0.020

MBLK Lead Total ICAP <0.02 mg/L

MRL_CHK Lead Total ICAP 0.02 0.0221 mg/L 111 (50-150)

MS_201008070078 Lead Total ICAP 1.0 0.968 mg/L 97 (70-130)ND

MSD_201008070078 Lead Total ICAP 1.0 0.989 mg/L 99 (70-130) 2.1ND 20

LCS1 Magnesium Total ICAP 20 22.0 mg/L 110 (85-115)

LCS2 Magnesium Total ICAP 20 21.5 mg/L 108 (85-115) 2.320

MBLK Magnesium Total ICAP <0.1 mg/L

MRL_CHK Magnesium Total ICAP 0.1 0.118 mg/L 118 (50-150)

MS_201008070078 Magnesium Total ICAP 20 26.9 mg/L 100 (70-130)7.0

MSD_201008070078 Magnesium Total ICAP 20 26.9 mg/L 99 (70-130) 0.207.0 20

LCS1 Manganese Total ICAP 0.5 0.513 mg/L 103 (85-115)

LCS2 Manganese Total ICAP 0.5 0.513 mg/L 103 (85-115) 0.020

MBLK Manganese Total ICAP <0.002 mg/L

MRL_CHK Manganese Total ICAP 0.002 0.00214 mg/L 107 (50-150)

MS_201008070078 Manganese Total ICAP 0.5 0.487 mg/L 98 (70-130)ND

MSD_201008070078 Manganese Total ICAP 0.5 0.491 mg/L 98 (70-130) 0.61ND 20

LCS1 Molybdenum Total ICAP 1.0 0.992 mg/L 99 (85-115)

LCS2 Molybdenum Total ICAP 1.0 0.986 mg/L 99 (85-115) 0.6120

MBLK Molybdenum Total ICAP <0.02 mg/L

MRL_CHK Molybdenum Total ICAP 0.02 0.0196 mg/L 98 (50-150)

MS_201008070078 Molybdenum Total ICAP 1.0 0.913 mg/L 91 (70-130)ND

MSD_201008070078 Molybdenum Total ICAP 1.0 0.929 mg/L 93 (70-130) 1.6ND 20

LCS1 Nickel Total ICAP 0.5 0.513 mg/L 103 (85-115)

LCS2 Nickel Total ICAP 0.5 0.510 mg/L 102 (85-115) 0.5920

MBLK Nickel Total ICAP <0.02 mg/L

MRL_CHK Nickel Total ICAP 0.02 0.0214 mg/L 107 (50-150)

MS_201008070078 Nickel Total ICAP 0.5 0.473 mg/L 95 (70-130)ND

MSD_201008070078 Nickel Total ICAP 0.5 0.481 mg/L 96 (70-130) 1.7ND 20

LCS1 Potassium Total ICAP 20 21.1 mg/L 105 (85-115)

LCS2 Potassium Total ICAP 20 20.5 mg/L 102 (85-115) 2.920

MBLK Potassium Total ICAP <1 mg/L
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MRL_CHK Potassium Total ICAP 1.0 1.06 mg/L 106 (50-150)

MS_201008070078 Potassium Total ICAP 20 21.9 mg/L 97 (70-130)2.5

MSD_201008070078 Potassium Total ICAP 20 22.1 mg/L 98 (70-130) 1.32.5 20

LCS1 Selenium Total ICAP 1.0 1.05 mg/L 105 (85-115)

LCS2 Selenium Total ICAP 1.0 1.04 mg/L 104 (85-115) 0.9620

MBLK Selenium Total ICAP <0.1 mg/L

MRL_CHK Selenium Total ICAP 0.1 0.0967 mg/L 97 (50-150)

MS_201008070078 Selenium Total ICAP 1.0 1.03 mg/L 103 (70-130)ND

MSD_201008070078 Selenium Total ICAP 1.0 1.04 mg/L 104 (70-130) 0.97ND 20

LCS1 Silver Total ICAP 0.5 0.483 mg/L 97 (85-115)

LCS2 Silver Total ICAP 0.5 0.484 mg/L 97 (85-115) 0.2120

MBLK Silver Total ICAP <0.01 mg/L

MRL_CHK Silver Total ICAP 0.01 0.00972 mg/L 97 (50-150)

MS_201008070078 Silver Total ICAP 0.5 0.404 mg/L 81 (70-130)ND

MSD_201008070078 Silver Total ICAP 0.5 0.418 mg/L 84 (70-130) 3.3ND 20

LCS1 Sodium Total ICAP 50 54.3 mg/L 109 (85-115)

LCS2 Sodium Total ICAP 50 52.9 mg/L 106 (85-115) 2.620

MBLK Sodium Total ICAP <1 mg/L

MRL_CHK Sodium Total ICAP 1.0 1.05 mg/L 105 (50-150)

MS_201008070078 Sodium Total ICAP 50 92.4 mg/L 95 (70-130)45

MSD_201008070078 Sodium Total ICAP 50 92.5 mg/L 95 (70-130) 0.1145 20

LCS1 Strontium ICAP 1.0 0.994 mg/L 99 (85-115)

LCS2 Strontium ICAP 1.0 1.00 mg/L 100 (85-115) 0.6020

MBLK Strontium ICAP <0.01 mg/L

MRL_CHK Strontium ICAP 0.01 0.00927 mg/L 93 (50-150)

MS_201008070078 Strontium ICAP 1.0 1.16 mg/L 93 (70-130)0.23

MSD_201008070078 Strontium ICAP 1.0 1.16 mg/L 93 (70-130) 0.110.23 20

LCS1 Thallium Total ICAP 1.0 1.05 mg/L 105 (85-115)

LCS2 Thallium Total ICAP 1.0 1.05 mg/L 105 (85-115) 0.020

MBLK Thallium Total ICAP <0.1 mg/L

MRL_CHK Thallium Total ICAP 0.1 0.102 mg/L 102 (50-150)

MS_201008070078 Thallium Total ICAP 1.0 0.982 mg/L 98 (70-130)ND

MSD_201008070078 Thallium Total ICAP 1.0 1.01 mg/L 101 (70-130) 2.8ND 20

LCS1 Vanadium Total ICAP 1.0 0.982 mg/L 98 (85-115)

LCS2 Vanadium Total ICAP 1.0 0.982 mg/L 98 (85-115) 0.020

MBLK Vanadium Total ICAP <0.002 mg/L

MRL_CHK Vanadium Total ICAP 0.002 0.00245 mg/L 123 (50-150)

MS_201008070078 Vanadium Total ICAP 1.0 0.931 mg/L 93 (70-130)0.0024
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MSD_201008070078 Vanadium Total ICAP 1.0 0.937 mg/L 94 (70-130) 0.640.0024 20

LCS1 Zinc Total ICAP 1.0 1.00 mg/L 100 (85-115)

LCS2 Zinc Total ICAP 1.0 1.00 mg/L 100 (85-115) 0.020

MBLK Zinc Total ICAP <0.02 mg/L

MRL_CHK Zinc Total ICAP 0.02 0.0195 mg/L 98 (50-150)

MS_201008070078 Zinc Total ICAP 1.0 0.977 mg/L 98 (70-130)ND

MSD_201008070078 Zinc Total ICAP 1.0 0.979 mg/L 98 (70-130) 0.20ND 20
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MIEX Bench Scale Testing Protocol 
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LIST OF ACRONYMS & DEFINITIONS 
 

BV Bed Volume 

DBP Disinfection By Products 

DOC Dissolved Organic Carbon 

EPA Environmental Protection Agency 

GPM Gallons per Minute 

HAA5 Haloacetic Acids total of 5 Regulated 

PPM parts per million 

SDS Simulated Distribution System 

WTP Water Treatment Plant  

TOC Total Organic Carbon 

TTHM Total Trihalomethanes 

UVA UV254 Absorbance  

 
DEFINITIONS 

 
Regenerate – A process of mixing loaded resin with a brine solution to exchange 

organics and replace them with chloride ions 

Fresh Resin – MIEX
®

 Resin that has been previously used and been regenerated 

Virgin Resin – New resin that has not previously been exposed to raw or treated water 

Bed Volume – Volumetric ratio of treated water to resin (see example below).  

 

 

 

 

 

 

 

Volume of Water to be Treated V1 1000 mL⋅:=

Voume of Resin Used for Treatment V2 5 mL⋅:=

Bed Volume Calculation BV
V1

V2

:=
BV 200=

Bed Volume Example Calculation 
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1.0 Introduction 

The City of Columbia, Missouri is currently investigating treatment options to reduce 

disinfection by-product (DBP) formation in order to meet the requirements of the U.S. 

Environmental Protection Agency’s (EPA) D/DBP Rule.  Dissolved organic carbon (DOC), 

found in many raw water sources, is a known precursor to the formation of DBPs, which are 

created when free chlorine and DOC react to form halogenated organic compounds.  

Additionally, the presence of bromide in raw water sources contributes to the formation of 

brominated DBPs.  Currently, the D/DBP Rule sets a maximum contaminant level (MCL) for 

two classes of DBPs; trihalomethanes (TTHM) and haloacetic acids (HAA5).  The MCL for 

these compounds are set at 80 and 60µg/L, respectively.  The MIEX
®
 Process is a magnetic 

anion exchange system that selectively removes DOC from water, and thus reduces the 

formation of DBPs. 

 

The objective of this study was to determine, through laboratory batch test procedures, the 

feasibility of utilizing the MIEX® Process to reduce DOC concentrations found in the City of 

Columbia’s raw water supply.  An additional objective is to evaluate the potential ability to 

reduce the consumption of drinking water chemicals, particularly lime, required at 

Columbia’s WTP.  Parameters analyzed in the course of the evaluation included UV254 

absorbance (UVA), true color, DOC, bromide, and simulated distribution system DBPs.  

DOC was selected rather than total organic carbon (TOC) since it is the DOC that remains in 

potable water after filtration and is a better indicator of potential DBP formation.  The 

combination of MIEX
® 

Treatment and lime softening was also evaluated in order to quantify 

the effect of MIEX
®
 Treatment on downstream processes and evaluate the potential chemical 

reduction downstream of MIEX
®

 Treatment. 

 

A multiple loading test was conducted using MIEX
® 

Resin on the raw water sample to 

determine the optimal treatment rate for the source waters.  The optimal rate is the one that 

removes the greatest amount of DOC while regenerating the least amount of resin.   
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The City of Columbia’s raw water source was previously tested by Orica Watercare in 

September 2009.  Results of this analysis are reported in Orica Watercare lab report 

document number LR-2009-45; “MIEX® Resin Treatability Study for Dissolved Organics 

Removal from the City of Columbia Groundwater Source”.  The city opted to perform a 

second MIEX
®

 Treatability study after the initial study resulted in higher SDS TTHM 

formation potential concentrations than desired (although still under the MCL for TTHM).  

This was likely due to the presence of bromide in the raw water source.  In the current 

treatability study, the regeneration rate was increased in order to increase the resin’s removal 

of DOC and bromide and further reduce SDS DBP formation.     
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2.0 Raw Water Characteristics 

Orica Watercare received raw water samples from the City of Columbia on March 9, 2010.  

The analytical methods used to characterize this sample and the corresponding results are 

shown in Table 1, along with the raw water results from the September 2009 sample.  The 

parameters on this table were analyzed at the Orica Watercare laboratory in Watkins, 

Colorado, with the exception of bromide, which was analyzed by Underwriter’s Laboratory 

(South Bend, IN).   

Table 1: Raw Water Characterization and Analytical Methods 

 

Parameter Units 
Raw Water 

Sept 2009 

Raw Water 

March 2010 
Analytical Method 

DOC mg/L 2.12 2.09 Method 5310C 
1
 

UVA 

(254 nm) 
cm-1 0.069 0.049 

HACH DR4000U Method 10054 

(Filtered with 0.45 micron filter) 

SUVA L/mg-m 3.24 2.34 UVA/DOC * 100  

True Color PCU 4 25 
HACH DR4000U Method 8025 

(Filtered with 0.45 micron filter) 

Apparent Color PCU 414 511 
HACH DR4000U Method 8025 

(Unfiltered) 

pH Units 7.80 7.25 pH Meter 

Total Hardness 
mg/L as 

CaCO3 
280 380 Standard Methods 2340C 

Calcium 

Hardness 

mg/L as 

CaCO3 
180 280 Standard Methods 2340C 

T-Alkalinity 
mg/L as 

CaCO3 
280 340 Standard Methods 2320B 

Iron mg/L 4.202 5.344 
HACH DR4000U 

Method 8008 

Sulfate mg/L 70.5 71.7 
Standard Methods 

4500-SO4
-2 E 

Chloride mg/L 40 40 
HACH Titration Kit 

Method 8206 

Bromide mg/L 0.11 0.10 
EPA Method 300.0  

(Ion Chromatography, UL) 
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3.0 Batch Testing Procedures 

A Phipps & Bird, Six-Jar Paddle Stirrer with square 2-Liter jars was utilized for all batch 

testing.   

3.1 MIEX
 

Resin Preparation 

MIEX
 

Resin is shipped and stored wet and therefore the concentration is measured as a 

volume of settled resin contained in a one-liter sample (e.g., mL of settled resin per L of 

slurry).  The resin was allowed to settle for 30 minutes before measuring the settled resin 

volume.  

The MIEX
 

Resin used in testing was a sample of resin that had previously been used and 

regenerated.  Regenerated resin is referred to as fresh resin, whereas virgin resin is resin that 

has not been previously used.  Fresh resin is representative of what would be used in an on-

going full-scale process.   

3.2 MIEX
 Resin Batch Test 

The multiple loading procedure has been shown to best approximate full-scale, continuous 

plant operation.  Results from this test indicate the regeneration rate required to achieve a 

target water quality.  Treatment performance at a number of regeneration rates is determined 

by contacting a measured volume of resin with increasing volumes of raw water.   

The volume of raw water treated divided by the volume of resin used to treat the water 

determines the bed volumes (BV) of raw water treated.  The highest BV treatment rate with 

the largest UVA reduction is typically selected as the optimal treatment rate.  The test 

method is outlined below:  

Using a jar stirrer apparatus, 

1. Add 5 mL fresh resin to an empty jar 

2. Add 1 L of raw water sample to jar (200 BV treatment rate per cycle) 

3. Mix for 15 minutes 

4. Turn mixer off and allow resin to settle 

5. Decant treated water into collection vessel while leaving resin in jar 

6. Measure UVA, color, DOC, and bromide of sample in collection vessel 

7. Add another liter of raw water to resin and repeat Steps 3-6 until 1,000 BV have been 

treated  
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3.3 Lime Softening Control Evaluation 

A lime softening control test was conducted to simulate the removal of organic carbon and 

hardness using lime softening, under present plant treatment conditions.  A 1.5 L sample of 

raw water was added to a square jar and dosed with lime at doses ranging from 140 mg/L – 

200 mg/L.  The jar was then mixed at 300 revolutions per minute (RPM) for 1 minute, 30 

RPM for 10 minutes, 10 RPM for 10 minutes, and then allowed to settle for 30 minutes.  The 

plant’s current dose of 150 - 175 mg/L lime was used as a guideline to achieve a target 

hardness of less than 150 mg/L after softening.   

After settling, unfiltered samples were collected and analyzed for turbidity, pH, hardness 

(total and calcium), and apparent color.  Additional samples were filtered through a 0.45-

micron filter membrane and analyzed for UVA, true color, and DOC.   

 

3.4 Combined Treatment Evaluation 

The combination of MIEX Resin treatment and lime softening was evaluated in order to 

quantify the potential reduction in lime that could be achieved downstream of MIEX Resin 

treatment.  For the MIEX/Softening combined tests, raw water was treated with MIEX 

Resin at the optimal treatment rate determined from the MIEX


 Resin jar tests (Section 3.2).  

The MIEX


 Treated sample was then softened using a reduced dose of lime versus the 

control.  Samples were mixed following the same jar test procedure utilized in Section 3.3.  

After settling, unfiltered samples were collected from each jar and analyzed for turbidity, 

alkalinity, iron, pH, hardness (total and calcium), and apparent color.  Additional samples 

were withdrawn from each of the jars and filtered through a 0.45-micron filter before being 

analyzed for UVA, true color, and DOC. 
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4.0 Results 

4.1 MIEX
®
 Treatment 

The DOC versus BV treatment rate graph for the multiple loading MIEX
®

 Resin batch tests 

(Section 3.2) are presented in Figure 1 and results are summarized in Table 2. 

 

Figure 1:  DOC Versus Bed Volume Treatment Rate 
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For the purposes of this evaluation, and to maximize DOC and bromide removal, a treatment 

rate of 400 BV was selected as optimal treatment.  A treatment rate of 400 BV corresponds to 

regeneration of 2.50 gallons of resin for every 1000 gallons of plant throughput.  This is a 

more aggressive regeneration rate than was selected for the September 2009 sample.  In 

September, a regeneration rate of 800 BV was used, which corresponds to regeneration of 

1.25 gallons of resin for every 1000 gallons of plant throughput.  A more aggressive 

regeneration rate was selected in order to remove greater amounts of DOC and bromide and 

further reduce SDS DBP formation.   
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Table 2: MIEX
®
 Resin Test Results 

Tests Conducted at ~20 deg C 

Treatment Rate (Bed Volumes) 
Parameter Raw 

1000 800 600 400 200 

DOC (mg/L) 2.09 1.060 1.040 1.030 0.966 0.935 

DOC, % Removal - 49% 50% 51% 54% 55% 

UVA (cm-1) 0.049 0.010 0.025 0.008 0.006 0.010 

UVA, % Removal - 80% 49%* 84% 88% 80% 

Bromide (mg/L) 0.10 0.11 0.11 0.11 0.097 0.076 

Bromide, % Removal - - - - 3% 24% 

True Color (PCU) 25 1 19 12 0 0 

 

 

The 400 BV treatment rate applied to raw water reduced DOC by 54%, to a treated water 

concentration of 0.966 mg/L, and UVA by 88%, to a treated water value of 0.006 cm
-1

.  

Bromide was reduced to a concentration of 0.097mg/L, 12% lower than the sample treated at 

800BV in 2009.  The 800 BV UVA value marked with a (*) is higher than expected and 

likely due to analytical error as a potential results of sample cross-contamination.  

 

By comparison, 800 BV treatment of the September 2009 sample reduced DOC by 55% to a 

treated water concentration of 0.95 mg/L and UVA by 86% to a treated water value of 

0.010cm
-1

.  Overall, bromide removal data is similar to what was achieved for the September 

sample.  The September 2009 sample treated at 800 BV had a treated water bromide 

concentration of 0.110mg/L.  

 

 



 

 

Appendix G 

MIEX Bench Scale Testing Results 
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4.2 Lime Softening Control 

 

For the lime softening control tests, raw water samples were dosed with a range of lime, as 

shown below, to simulate present treatment plant conditions.  Results from the Lime 

Softening Control Test (Section 3.3) are presented in Table 3. 

 

Table 3: Lime Softening Control Results  

 

Parameter 
Raw 

Water 
Lime Softening Control Optimization 

Lime (mg/L) 0 140.0 160.0 180.0 200.0 

Settled Turbidity (NTU) 55.6 93.2 59.8 47.7 43.6 

Alkalinity (mg/L CaCO3) 340 200.00 200.00 160.00 150.00 

pH 7.25 8.3 8.43 8.53 8.87 

Iron (mg/L) 5.344 n/m n/m n/m n/m 

True Color (PCU) 25 8 6 6 4 

T-Hardness  

(mg/L CaCO3) 
380 220 200 180 150 

Ca-Hardness  

(mg/L CaCO3) 
280 140 120 100 80 

UVA (cm
-1

) 0.049 0.036 0.035 0.034 0.034 

DOC (mg/L) 2.09 1.85 1.82 1.83 1.84 

DOC, % Removal - 11% 13%     12% 12% 

 

These results demonstrate that, using the current lime dose of 200 mg/L reduced the UVA by 

31%, to a treated water value of 0.034 cm
-1

.  This dose of lime also reduced the total 

hardness to the plant’s treatment goal of 150mg/L CaCO3.  The raw water DOC was reduced 

by 12% to a treated water concentration of 1.84 mg/L, which is consistent with results 

achieved at the current water treatment plant. 
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4.3 Combined Treatment 

 

The results from the MIEX Resin/Softening Combined Test (Section 3.4) are presented in 

Table 4.  Lime softening was achieved by dosing MIEX Treated water (400BV treatment 

rate) with reduced doses of lime versus the control. 

 

Table 4: MIEX
 Resin Pre-Treatment Followed by Lime Softening 

 

 
Raw 

Water 
MIEX

 Resin with Lime Softening 

MIEX
®
 Treatment Rate (BV) - 400 Bed Volumes 

Lime (mg/L) 0 110 120 130 140 

Settled Turbidity (NTU) 55.6 41.0 48.5 57.8 89.0 

Alkalinity (mg/L CaCO3) 340 160 150 120 120 

pH 7.25 8.19 8.31 8.41 8.46 

True Color (PCU) 25 0 0 0 0 

T-Hardness  

(mg/L CaCO3) 
380 220 180 160 140 

Ca-Hardness  

(mg/L CaCO3) 
80 140 100 80 80 

UVA (cm
-1

) 0.049 0.009 0.010 0.010 0.010 

DOC mg/L 2.09 0.923 0.761 0.804 0.846 

DOC, % Removal - 56% 64% 62% 60% 

 

Table 4 is indicative of the reduction in lime dose that may be achieved downstream of 

MIEX Treatment.  A dose of 140 mg/L lime was able to achieve an overall DOC removal 

of 60%, to a treated water concentration of 0.846 mg/L, and a reduction in UVA of 80%, to a 

treated water level of 0.010 cm
-1

.  This dose of lime reduced total hardness below the 150 

mg/L goal outlined by the WTP.  A dose of 130 mg/L lime could potentially increase DOC 

removal, while maintaining hardness near the plant’s treatment goal.  This represents a 30% 

or greater potential reduction in lime dose downstream of MIEX


 Treatment.   
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4.4 Disinfection By-Product Reductions 

 

In order to quantify the effect of MIEX Resin treatment on DBP formation, a Simulated 

Distribution System (SDS) TTHM Formation test was run on the lime softened control 

sample (200 mg/L dose of lime was used) and on a sample treated with 400 BV MIEX 

Resin followed by 140 mg/L lime.  The incubation conditions for the SDS TTHM formation 

potential test are summarized in Table 5.  SDS conditions were selected by the City of 

Columbia and verified by Dr. Enos Inniss of the University of Missouri at Columbia.  

Conditions were selected in order to simulate actual conditions in the distribution system for 

Columbia, MO and for comparison with previous SDS DBP testing conducted by the 

University of Missouri at Columbia.  TTHM samples were sent to Underwriters Laboratory 

for analysis on March 29, 2010. 

 

Table 5:  SDS DBP Formation Potential Incubation Conditions 

Parameter SDS Method 

Incubation Temperature 21°C 

Incubation Period 3 Days 

pH 
8.38 (control) 

8.49 (MIEX


/Softening) 

Chlorine Dose 
4.9 mg/L (control) 

4.1 mg/L (MIEX


/Softening) 

Chlorine Residual after 3 days 
0.41 mg/L (control) 

0.22 mg/L (MIEX


/Softening) 

 

Of note is the reduction in chlorine demand that occurs as a result of the reduction in DOC 

achieved through MIEX
®

 Resin treatment.  The chlorine demand of the MIEX
®
 Treated 

water (3.88 mg/L) was approximately 14% lower than that of the Control (4.49 mg/L).  This 

is another potential chemical reduction that may be achieved in a full scale installation.  The 

results of the SDS TTHM formation tests are displayed in Table 6, with speciation in Table 

7.  SDS HAA5 testing was not run due to the low concentrations observed for the 2009 

testing.  
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Table 6:  SDS DBP Formation Potential Test Results 

Treatment 
DOC 

(mg/L) 

3-Day SDS Method 

TTHM 

(µµµµg/L) 

200 mg/L Lime 

(control) 
1.84 64.0 

400 BV MIEX
 

and 

140 mg/L Lime 
0.846 31.3 

% Reduction 54% 51% 

 

This compares with the September 2009 sample (treated with MIEX


 Resin at 800 BV 

followed by 118.4mg/L lime) in which DOC was reduced by 48% versus the control and 

TTHMs were reduced by 33% versus the control to a concentration of 55.1µg/L.  The TTHM 

speciation follows in Table 7. 

 

Table 7:  SDS TTHM Speciation Results 

 
Control 

(200 mg/L Lime) 

(µµµµg/L) 

MIEX
®

/Softening 

(400BV + 140 mg/L 

Lime) 

(µµµµg/L) 

Chloroform  21 4.7 

Bromodichloromethane  22 9.2 

Dibromochloromethane  17 12 

Bromoform  4.0 5.4 

TTHM 64.0 31.3 
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5.0 Conclusions 

An optimal MIEX


 Treatment rate for the City of Columbia’s raw water source was 

determined to be 400 BV.  A treatment rate of 400 BV achieved the following results: 

� DOC removal of 51%, to a treated water concentration of 1.030 mg/L. 

� UVA reduction of 88%, to a treated water level of 0.006 cm
-1

.    

� True color reduction to a treated water level of 0 PCU. 

� Bromide reduced to 0.097mg/L. 

Additionally, MIEX


 Resin pre-treatment resulted in a potential 30% reduction in the lime 

dose required for downstream softening.  The reduction in lime dosage observed on the 

bench scale has the potential to reduce chemical costs, reduce solids production, and reduce 

the costs associated with solids disposal.  The combination of MIEX Resin treatment 

followed by lime softening (140 mg/L lime dose) achieved the following results: 

� 14% reduction in chlorine demand 

� Overall 60% reduction in DOC to 0.846mg/L 

� Overall 80% reduction in UVA to 0.010/cm 

� SDS TTHMs reduced by 51% versus the control to a TTHM concentration of 

31.3µg/L 

It should be noted that the 800 BV treatment rate used in the 2009 testing also produced SDS 

DBP concentrations that were lower than the MCL.  Pilot scale testing may aid in 

determining the most cost effective regeneration rate for this application.   

The objective of this study was to determine, through laboratory batch test procedures, the 

feasibility of the MIEX
®
 Process in reducing DBP formation.  The results of these tests 

indicate the MIEX
®

 Resin treatment, followed by lime softening will reduce SDS DBP 

formation and should enable compliance with D/DBP Rule requirements. 

 

6.0 Recommendations 

 

It is recommended that a pilot plant trial be conducted at this facility.  During the trial, the 

ideal regeneration rate (bed volume) will be confirmed, along with the operating costs 

associated with the regeneration rate.  During the course of a pilot plant trial, additional 
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bench testing will also be performed to verify the lime dose required downstream of MIEX 

Resin treatment.  SDS DBP formation potential analysis will also be completed during a pilot 

in order to further quantify the effect of MIEX


 Treatment on DBP formation.  In addition, 

an equipment budget at +10% can be estimated after actual plant operating conditions are 

determined from the pilot study.  A pilot plant proposal can be provided upon request. 



 

 

Appendix H 

Cost Opinions of Shortlisted Alternatives 



PROJECT : McBaine WTP Conceptual Design PROCESS IDENTIFIER:  summary
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

PRELIMINARY OPINION OF
PROBABLE CONSTRUCTION COST

ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 1A ADJUSTED COST INDEX AT TIME OF UPDATE:  na

EXISTING SOFTENING WITH CHLORAMINES - LOWER RISK ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

1 0 AERATION OF RAW WATER 30 mgd 0 12$ 3 628 784$1 0 AERATION OF RAW WATER 30 mgd 0.12$                3,628,784$           

2 0 MODIFICATION OF SCC's 32 mgd 0.41$                 13,124,355$          

3 0 DEEP BED FILTERS 40 mgd 0.57$                 22,772,903$          

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 7,446$               2,978,459$            

5 0 CLEARWELL GIARDIA CT 4 MG 1 94$ 7 745 607$5 0 CLEARWELL - GIARDIA CT 4 MG 1.94$                7,745,607$           

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,600,056$          

TOTAL BASE COST 30 mgd 2.03$                 60,850,165$          
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PRELIMINARY OPINION OF
PROBABLE CONSTRUCTION COST

ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 1A ADJUSTED COST INDEX AT TIME OF UPDATE:  na

EXISTING SOFTENING WITH CHLORAMINES - LOWER RISK ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

1 0 AERATION OF RAW WATER 30 mgd 0 12$ 3 628 784$1 0 AERATION OF RAW WATER 30 mgd 0.12$                3,628,784$           

2 0 MODIFICATION OF SCC's 32 mgd 0.46$                 14,760,449$          

3 0 DEEP BED FILTERS 40 mgd 0.57$                 22,772,903$          

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 7,446$               2,978,459$            

5 0 CLEARWELL GIARDIA CT 4 MG 1 94$ 7 745 607$5 0 CLEARWELL - GIARDIA CT 4 MG 1.94$                7,745,607$           

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,600,056$          

TOTAL BASE COST 30 mgd 2.08$                 62,486,259$          
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 1A ADJUSTED COST INDEX AT TIME OF UPDATE:  na

EXISTING SOFTENING WITH CHLORAMINES - Higher Uncertainty ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

0 0 Full Scale Testing & PILOTING 1 ls 1 350 000$0 0 Full Scale Testing & PILOTING 1 ls 1,350,000$           

1 0 AERATION OF RAW WATER 30 mgd 0.12$                 3,628,784$            

2 0 MODIFICATION OF SCC's 32 mgd 0.33$                 10,447,728$          

3 0 DEEP BED FILTERS - HIGHER RATE 28 mgd 0.57$                 15,941,032$          

3 5 EXISTING FILTER MODIFICATIONS HIGH RATE 45 d 0 09$ 3 994 173$3 5 EXISTING FILTER MODIFICATIONS - HIGH RATE 45 mgd 0.09$                3,994,173$           

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 5,239$               2,095,723$            

5 0 CLEARWELL - STORAGE ONLY 4 MG 1.26$                 5,034,645$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,600,056$          

TOTAL BASE COST 30 mgd 1.77$                 53,092,141$          
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 2A ADJUSTED COST INDEX AT TIME OF UPDATE:  na

BYPASS SOFTENING WITH CHLORAMINES ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

1 0 AERATION OF RAW WATER 30 mgd 0 12$ 3 628 784$1 0 AERATION OF RAW WATER 30 mgd 0.12$                3,628,784$           

2 0 MODIFICATION OF SCC's 32 mgd 0.45$                 14,275,075$          

3 0 DEEP BED FILTERS 40 mgd 0.57$                 22,772,903$          

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 4,758$               1,903,126$            

4 5 CHLORINE DIOXIDE AND COAGULANT BUILDING 850 000$4 5 CHLORINE DIOXIDE AND COAGULANT BUILDING 850,000$              

5 0 CLEARWELL - GIARDIA CT 4 MG 1.94$                 7,745,607$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,600,056$          

TOTAL BASE COST 30 mgd 2.06$                 61,775,552$          



PROJECT : McBaine WTP Conceptual Design PROCESS IDENTIFIER:  summary

LOCATION: Columbia, MO UPDATED:  26-Aug-10

JOB # : 8407A.00 ESTIMATOR(S):  TOC
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 3B ADJUSTED COST INDEX AT TIME OF UPDATE:  na

CURRENT SOFTENING WITH GAC FILTER ABSORBERS ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

0 0 PILOT TESTING (1 Year) 1 LS 1 500 000$0 0 PILOT TESTING (1 Year) 1 LS 1,500,000$           

1 0 AERATION OF RAW WATER 30 mgd 0.12$                 3,643,137$            

2 0 MODIFICATION OF SCC's 32 mgd 0.46$                 14,760,449$          

3 0 GAC FILTER ABSORBERS 45 mgd 0.82$                 36,892,984$          

3 5 EXISTING FILTER MODIFICATIONS GAC 14 d 0 32$ 4 429 364$3 5 EXISTING FILTER MODIFICATIONS - GAC 14 mgd 0.32$                4,429,364$           

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 7,446$               2,978,459$            

5 0 CLEARWELL - GIARDIA CT 4 MG 1.94$                 7,745,607$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,745,928$          

TOTAL BASE COST 30 mgd 2.76$                 82,695,929$          
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 4B ADJUSTED COST INDEX AT TIME OF UPDATE:  na

CURRENT SOFTENING WITH GAC FILTER ABSORBERS ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

0 0 PILOT TESTING (1 Year) 1 LS 1 500 000$0 0 PILOT TESTING (1 Year) 1 LS 1,500,000$           

1 0 AERATION OF RAW WATER 30 mgd 0.12$                 3,643,137$            

2 0 MODIFICATION OF SCC's 32 mgd 0.45$                 14,275,075$          

3 0 GAC FILTER ABSORBERS 45 mgd 0.82$                 36,892,984$          

3 5 EXISTING FILTER MODIFICATIONS GAC 14 d 0 32$ 4 429 364$3 5 EXISTING FILTER MODIFICATIONS - GAC 14 mgd 0.32$                4,429,364$           

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 4,758$               1,903,126$            

4 5 CHLORINE DIOXIDE AND COAGULANT SYSTEM 850,000$               

5 0 CLEARWELL - GIARDIA CT 4 MG 1.94$                 7,745,607$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.27$                 10,745,928$          

TOTAL BASE COST 30 mgd 2.73$                 81,985,222$          
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 3C ADJUSTED COST INDEX AT TIME OF UPDATE:  na

OZONE BIOFILTRATION WITH EXISTING SOFTENING ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

0 0 PILOT TESTING (1 Year) 1 LS 1 500 000$0 0 PILOT TESTING (1 Year) 1 LS 1,500,000$           

1 0 AERATION OF RAW WATER 30 mgd 0.12$                 3,628,784$            

2 0 MODIFICATION OF SCC's 32 mgd 0.33$                 10,447,728$          

2 1 SETTLED WATER PUMP STATION 60 mgd 4,718,894$            

2 2 OZONE CONTACTORS 60 d 0 13$ 7 522 555$2 2 OZONE CONTACTORS 60 mgd 0.13$                7,522,555$           

2 3 OZONE GENERATION BUILDING 1,800 ppd 2,701.73$          4,863,112$            

2 4 LOX STORAGE AND VAPORIZERS 95 tons 0.01$                 1,365,419$            

3 0 EXISTING FILTER MODIFICATIONS - GAC AND AIR 32 mgd 0.14$                 4,429,364$            

3 5 DEEP BED BIOFILTERS 40 mgd 0.55$                 21,948,127$          

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 7,446$               2,978,459$            

5 0 CLEARWELL - STORAGE ONLY 3 MG 2.70$                 6,741,989$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.36$                 14,507,301$          

TOTAL BASE COST 30 mgd 2.82$                 84,651,733$          
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ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

PRELIMINARY OPINION OF
PROBABLE CONSTRUCTION COST

ELEMENT # : SUMMARY OF COST ELEMENTS ENR CCI AT TIME OF INITIAL ESTIMATE:  8,858

ELEMENT : ALTERNATIVE 4C ADJUSTED COST INDEX AT TIME OF UPDATE:  na

OZONE BIOFILTRATION WITH BYPASS SOFTENING ESTIMATE LEVEL: 4

DESCRIPTION qty UNIT UNIT PRICE Minimum Maximum

0 0 PILOT TESTING (1 Year) 1 LS 1 500 000$0 0 PILOT TESTING (1 Year) 1 LS 1,500,000$           

1 0 AERATION OF RAW WATER 30 mgd 0.12$                 3,628,784$            

2 0 MODIFICATION OF SCC's 32 mgd 0.33$                 10,634,118$          

2 1 SETTLED WATER PUMP STATION 60 mgd 4,718,894$            

2 2 OZONE CONTACTORS 60 d 0 13$ 7 522 555$2 2 OZONE CONTACTORS 60 mgd 0.13$                7,522,555$           

2 3 OZONE GENERATION BUILDING 1,800 ppd 2,701.73$          4,863,112$            

2 4 LOX STORAGE AND VAPORIZERS 95 tons 0.01$                 1,365,419$            

3 0 EXISTING FILTER MODIFICATIONS - GAC AND AIR 32 mgd 0.14$                 4,429,364$            

3 5 DEEP BED BIOFILTERS 40 mgd 0.55$                 21,948,127$          

4 0 CARBON DIOXIDE PSF SYSTEM 400 pphr 7,446$               2,978,459$            

4 5 CHLORINE DIOXIDE AND COAGULANT FEED 850,000$               

5 0 CLEARWELL - STORAGE ONLY 2.5 MG 2.70$                 6,741,989$            

6 0 HIGH SERVICE PUMP STATION 40 mgd 0.36$                 14,507,301$          

TOTAL BASE COST 30 mgd 2.86$                 85,688,123$          
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