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Introduction 
The City of Helena has three potential sources of water to meet the long-term needs of their 
customers. The two main sources are the Tenmile and Missouri River supplies and the third 
is the Hale Zone supply.  The City’s three water sources each have limitations that need to 
be taken into consideration when planning for their future use. In this chapter, the Tenmile 
system will be used to meet system demands throughout the entire year, while the Missouri 
River system will be used to meet peaking demands that occur during the warmer months. 
The Hale Zone supply serves a localized area throughout the year.  

In order to ensure that the water sources can meet the long-term needs of the City, the 
components that make up each of the sources must be individually evaluated. These 
components consist of: 

• Raw water supply 
• Raw water delivery 
• Pretreatment  
• Taste and odor control 
• Disinfection 
• Filtration 
• Residuals handling 
• Clearwell and finished water delivery 
• Support facilities 

Prior to evaluating the individual components of the Tenmile, Missouri River, and Hale 
Zone water supply systems, the overall requirements and constraints that impact each system 
must be reviewed. Following is a discussion of these issues and the Tenmile, Missouri River 
and Hale Zone systems. 

Water Supply Capacity Considerations 
The quantity of finished water produced by the City’s water treatment plants must be greater 
than the quantity of finished water delivered to the water distribution system, as both plants 
use water for in-plant purposes. The majority of the in-plant water use is for filter 
backwashing, which is about five percent of the finished water produced. In addition, about 
one percent additional finished water is used for plant service water (i.e. chemical systems 
makeup water, plant washdown water, pump seal water, landscape irrigation, etc.). 

The quantity of raw water delivered to the plant must also take into account the quantity of 
water removed from the pretreatment process as part of residuals collection and disposal. 
The wasting of residuals from the pretreatment process accounts for about one percent of 
the plant flow. Figure 6-1 illustrates the water balance needed to deliver 100 percent of the 
system demand to the distribution system. 
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Figure 6-1 Water Treatment Plant Water Balance Diagram 
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Table 6-2 Existing Capacities and Projected Use 

Water Source 

Estimated Capacity 

(MG/yr) 

Projected Annual Use in 
2025 

(MG/yr) 

Projected Annual Use in 
2045 

 (MG/yr) 

 Raw Finished Percent Raw Finished Percent Raw Finished Percent

Tenmile Supply 1,9601 1,867 33.5% 1,960 1,867 59.5% 1,960 1,867 45.3%
MR Supply 3,6762 3,501 62.9 % 1,335 1,272 40.5% 2,370 2,257 54.7%

Hale Zone Supply 200 200 3.5% 03 03 03 03 03 03

Total 5,810 5,568 100% 3,295 3,139 100% 4,330 4,124 100%
1 Dependable annual yield reported in 1978 Master Plan. 
2 Maximum water allocation available from BOR based on 11,284 AF/year. 
3 For purposes of this analysis, 0 MG/year water supply assumed from the Hale Zone source in the future. 

Refer to subsequent discussion on viability of the Hale Zone supply. 

The above summary assumes that the Hale Zone supply would not be used in 2025 and 
2045, in order to provide the worst case scenario water demand estimates for the Tenmile 
and Missouri River supplies. 

In this analysis, the Tenmile supply will remain as the highest priority water source for the 
City in the future, with use of this source maximized, as shown in Table 6-2. Under existing 
conditions the Tenmile supply has almost reached capacity. When the Tenmile supply has 
reached its capacity, the Missouri River will supply the additional needed capacity. In 2045, 
the reliance on the Missouri supply grows, providing 55 percent of the total available water 
supply to the City (2,257 MG/yr out of 4,124 MG/yr of finished water produced).  

Tenmile Treatment Plant Needs 
The raw water supply, delivery, treatment and finished water delivery systems all operate 
using gravity flow, avoiding pumping except for the TTP support systems (i.e. filter 
backwashing, etc.). The conventional treatment facility is currently operated throughout the 
year and in this analysis, will continue to operate in that mode for the long-term. The 
following section describes the ability of the existing TTP to meet future demands to 2025. 

TTP Raw Water Supply 
Addition of solar 
aerators in 
Chessman Reservoir 
is recommended. 

The TTP raw water supply is composed of a complex system of stream 
diversions and storage reservoirs. Figure 6-2 shows a schematic view of 
the TTP raw water system. Although the TTP watershed contains 
primarily forest lands, there are occasional water quality problems. 
Seasonally, algae growth accumulates in Chessman Reservoir, creating 
treatment problems. To prevent filter clogging and taste and odor issues associated with 
algae growth, the City staff treats the reservoir with approximately 10,000 pounds of copper 
sulfate, at a cost of approximately $15,000 per year in chemical cost and $2,000 in labor.  
Solar powered floating aerators would improve algae control and eliminate the introduction 
of chemicals to the reservoir.  The City may choose to remove aerators during winter 
months, though manufacturers indicate this will not be necessary.   The estimated capital 
cost of solar powered aeration of Chessman Reservoir is $150,000.  
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The streams from the reservoirs flow directly into diversions that feed TTP. During heavy 
runoff events on the streams, turbidity spikes occur in the water being supplied to TTP. 
These turbidity spikes potentially make the TTP vulnerable to increased concentrations of 
pathogens (i.e. Giardia and Cryptosporidium) in the raw water. 

TTP Raw Water Delivery 

The Tenmile raw water delivery system has a design capacity of approximately 9 MGD; 
however, when the flow in the existing pipeline approaches 8.8 MGD, manholes along the 
pipeline begin to overflow.  In the wintertime, this flow is often limited due to freezing in 
the conveyance channels, thus limiting capacities. 

There are six diversions in the TTP raw water delivery system, shown in Figure 6-2.  One 
diversion transfers flow from Banner Creek to Chessman Reservoir, while the other five 
enter into the buried pipeline that feeds the plant.  A 30-inch section of RCP-LH pipe 
reaching from the plant to about 2,000 feet upstream at the rock screen was replaced in 
1989.  The condition of this section of pipe is unknown, but thought to be leak free, with all 
valves are currently in working order.  Upstream of the rock screen, the pipeline is 
constructed mostly of 4-foot sections of 18 inch concrete pipe that was installed in 1918.  
One section of 16 inch steel, at Minnehaha, was replaced in 1981 during the Rimini Road 
Bridge Improvements Project.  The condition of these areas is unknown.  Due to the low 
winter stream flows, there is nothing that can be done to prevent conveyance channels from 
freezing.  While the raw water delivery system is old. it is operable. No major capital 
improvements are recommended at this time.  
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TTP Pretreatment 
The existing contact adsorption clarifiers (CAC) are designed to handle a maximum turbidity 
of about 50 NTU. Turbidities at TTP exceed 50 NTU from one to ten times per year 
depending on runoff conditions (larger rains lead to more events).  These stream flows are 
allowed to bypass the plant until turbidities drop. High turbidity flows typically last 2 to 12 
hours. During these bypasses, TTP is taken out of service.  

Raw water s orage at TTP is 
not practical.  Installing raw 
water monitoring equipment 
is recommended. 

t

Raw water storage at TTP would dampen the effect of these events and allow water to be 
constantly fed to the CAC units even during a significant turbidity event. However, the 
hydraulic grade coming into TTP is approximately 15 feet above the surrounding site, 
making low cost raw water storage with an earthen impoundment impractical. A raw water 
storage tank would be needed, serving as a presedimentation tank to remove the heavier 

sediment in the raw water. The tank could be of sufficient 
height to allow gravity flow in and out of the storage tank 
to TTP. However, in order to provide sufficient detention 
time to dampen turbidity spikes, the storage tank would 
need to provide several hours of storage, making the tank 
cost-prohibitive. As a result, continuing to bypass high 

turbidity flows is the most practical solution. Adding raw water quality monitoring on the 
raw water delivery system is recommended to give advance warning to the TTP staff in the 
event of a turbidity spike. 

TTP Filtration 
The existing Tenmile filters were evaluated in April 2004. It is recommended that the media 
be replaced, leaving the gravel in place if it can be verified that they are essentially 
undisturbed. The estimated capital cost for this work is $150,000. The full filter evaluation 
and recommendation report is included in Appendix 6-A. The existing filters are adequate to 
treat the necessary capacity of 8.32 MGD for the long-term, if the media replacement is 
completed. 

TTP Disinfection 
As discussed in Chapter 3, the existing chlorine gas system at TTP does not meet current 
building and fire code requirements. Four alternatives for disinfection at TTP were reviewed: 
chlorine gas (retrofit the existing system to current code), liquid chlorine (replace existing 
chlorine system), on-site chlorine generation (replace existing chlorine system) and 
ultraviolet disinfection (supplement existing chlorine system).   

Chlorine Gas 

The existing TTP uses chlorine gas for both primary and secondary disinfection. To bring 
the existing chlorine gas system up to current code requirements, a secondary containment 
vessel for chlorine cylinders and a new sprinkler system would be required (a scrubber is no 
longer required with secondary containment).   The estimated capital cost of bringing the 
existing chlorine gas system into compliance is $350,000. Estimated operational cost is 
$30,000 per year. 

Liquid Chlorine 

In this approach, the existing gas system would be replaced and liquid chlorination would be 
implemented. At TTP, a liquid hypochlorite storage and feed facility would be designed 
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based on a peak usage of 83 gallons per day (assuming 8 MGD design flow and 1.3 mg/L 
chlorine dose). Three thousand gallons of liquid chlorine would last approximately one 
month at design flow, two months at normal flow.  Since sodium hypochlorite is readily 
available, it would be recommended that it not be stored longer than one month to prevent 
deterioration of the solution.  A storage tank and three metering pumps (one each for 
primary and secondary disinfection and one for redundancy), along with some piping, valves 
and instrumentation would be required. The liquid system could be constructed in the 
existing chlorine storage room with the addition of a double door to the room.  The 
estimated capital cost of liquid chlorination is $200,000. The estimated annual operation and 
maintenance cost is $35,000. 

based on a peak usage of 83 gallons per day (assuming 8 MGD design flow and 1.3 mg/L 
chlorine dose). Three thousand gallons of liquid chlorine would last approximately one 
month at design flow, two months at normal flow.  Since sodium hypochlorite is readily 
available, it would be recommended that it not be stored longer than one month to prevent 
deterioration of the solution.  A storage tank and three metering pumps (one each for 
primary and secondary disinfection and one for redundancy), along with some piping, valves 
and instrumentation would be required. The liquid system could be constructed in the 
existing chlorine storage room with the addition of a double door to the room.  The 
estimated capital cost of liquid chlorination is $200,000. The estimated annual operation and 
maintenance cost is $35,000. 

On-site Generation On-site Generation 

On-site generation produces a 0.8 percent chlorine solution, which can be used for both 
primary and secondary disinfection. On-site generation of hypochlorite uses electrodes, salt 
and water. To produce one pound of chlorine, typically three pounds of salt, 15 gallons of 
water and 2.5 kwh of electricity are required. Salt is delivered in 80-pound bags or in 2,500 
pound super sacks. This system would be constructed in the existing chlorine storage area.  
The estimated capital costs for on-site generation is approximately $300,000. The estimated 
operation and maintenance cost is $50,000. 

On-site generation produces a 0.8 percent chlorine solution, which can be used for both 
primary and secondary disinfection. On-site generation of hypochlorite uses electrodes, salt 
and water. To produce one pound of chlorine, typically three pounds of salt, 15 gallons of 
water and 2.5 kwh of electricity are required. Salt is delivered in 80-pound bags or in 2,500 
pound super sacks. This system would be constructed in the existing chlorine storage area.  
The estimated capital costs for on-site generation is approximately $300,000. The estimated 
operation and maintenance cost is $50,000. 

UV Disinfection UV Disinfection 
If Cryptosporidium 
inactivation is 
required, UV 
disinfection may be 
needed. 

UV disinfection could be implemented in a closed vessel reactor to 
provide primary disinfection after filtration. An intermediate pump 
station would be required to provide a range of five to ten feet of head 
(due to throttling valve loss) to direct flow to the units. Approximately 
350 square feet of building space would be required. The system could 
be located in the area of the existing backwash and surface wash 
pumps, east of the existing filters. The existing chlorine gas system could remain in place or 
could be converted to liquid chlorine to provide secondary disinfection. The estimated 
capital cost of UV, intermediate pumping facilities, and liquid chlorine for secondary 
disinfection is $1,000,000. The estimated annual operations and maintenance cost is $20,000. 

UV disinfection could be implemented in a closed vessel reactor to 
provide primary disinfection after filtration. An intermediate pump 
station would be required to provide a range of five to ten feet of head 
(due to throttling valve loss) to direct flow to the units. Approximately 
350 square feet of building space would be required. The system could 
be located in the area of the existing backwash and surface wash 
pumps, east of the existing filters. The existing chlorine gas system could remain in place or 
could be converted to liquid chlorine to provide secondary disinfection. The estimated 
capital cost of UV, intermediate pumping facilities, and liquid chlorine for secondary 
disinfection is $1,000,000. The estimated annual operations and maintenance cost is $20,000. 

Disinfection Recommendation Disinfection Recommendation 

The four disinfection alternatives’ capital cost, O&M costs and 20-year present worth costs 
are shown in Table 6-3. Detailed cost breakdowns are included in Appendix 6-B. 
The four disinfection alternatives’ capital cost, O&M costs and 20-year present worth costs 
are shown in Table 6-3. Detailed cost breakdowns are included in Appendix 6-B. 

Table 6-3 TTP Disinfection Alternative Capital, O&M and 20-Year Present Worth Table 6-3 TTP Disinfection Alternative Capital, O&M and 20-Year Present Worth 

    Capital CostCapital Cost O&M Cost 1 20-Year Present 
Worth Cost 

20-Year Present 
Worth Cost 

O&M Cost 1

Chlorine Gas $350,000 $30,000 $600,000
Liquid Chlorine $200,000 $35,000 $550,000
On-site Generation $300,000 $50,000 $800,000
UV Disinfection $1,000,000 $20,000 $900,000
1 Based on power cost of $0.05/kwhr. 

A key factor in assessing the disinfection alternatives for TTP is the potential need for 
inactivation of Cryptosporidium in the future. If inactivation becomes necessary, it will dictate 
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that UV, ozone, or chlorine dioxide disinfection be utilized as chlorine is not capable of 
meeting that requirement. 

TTP Corrosion Control Treatment 
The City adds an ortho/poly-phosphate blend to finished waste, which acts as a corrosion 
control inhibitor.  This will need to be continued in the future in order to prevent lead and 
copper release in the distribution system.  No improvements are recommended. 

TTP Residuals Handling 
The existing solids generated at the TTP are stored in three trapezoidal-shaped, earthen 
lagoons.  There is an estimated 104 pounds of dry solids produced per million gallons of 
water treated, which leads to about 250,000 dry pounds of solids produced per year.  The 
existing lagoons each hold approximately 1.2 MG.  At design conditions, 118 MG/yr are 
produced (3.1 MG/day).  These lagoons have operated successfully since the plant came on-
line in 1990.  No improvements are recommended for them at this time. 

The last issued permit for TTP to discharge to groundwater can be found in Appendix 6-C. 
The State has recently administratively extended this permit.    

TTP Clearwell/Finished Water Delivery  
The existing clearwell at the plant is an earthen, membrane lined and covered basin.  It has a 
capacity of approximately 4 million gallons.  The existing plant hydraulics prevent backwash 
of the filters if the water level in the clearwell is below 8 foot of its 12 foot depth, so the City 
is only able to use about 2.8 MG out of the 4.0 MG capacity of the clearwell volume.  A new 
backwash and surface wash pump station could be built between the clearwell and the filter 
building to take advantage of the full clearwell depth. This approach is reviewed in Chapter 
7, along with other system storage needs. 

The finished water pipeline from the clearwell to the service area has sufficient capacity to 
supply 8.0 MGD using gravity flow. The pipeline also provides additional contact time for 
disinfection purposes, as the first customer is several miles from the plant. Table 6-4 is a 
summary of the detention times required for TTP to meet the CT requirements of the 
SDWA for both winter and summer operation.  An inspection of the existing pipeline is 
recommended to determine its condition.  The estimated date of initial construction is the 
1930s. 

Table 6-4 TTP CT Requirements 

Operating 
Condition 

Peak Flow Minimum Water 
Temperature 

Minimum CT Required 1

   Viruses  Giardia 

Winter 5.0 MGD 0.5 DegC 9 157 

Summer 8.0 MGD 10 DegC 4 83 
1 Based on an alkalinity of 180 mg/l as CaCO3

Based on these requirements, a chlorine concentration of 1.0 mg/L and a T10/T flow 
circulation ratio of 0.40, a clearwell and pipeline detention volume of 1.37 MG is required in 
the winter and 1.14 MG in the summer. The existing storage volume is sufficient. 



Treatment Plant Analysis  

6-9 

TTP Wells 
The two existing shallow wells at the Tenmile Plant are in good condition.  They provide 
operational flexibility to dilute raw surface water as needed.  The wells can also be used to 
supply water to TTP during periods when surface water turbidity exceeds 50 NTU. No 
changes to the well system are recommended. 

TTP Support Facilities 

Tenmile support 
facilities are in good 
condition. 

Plant support facilities include chemical systems, labs, administration, power, and SCADA 
systems.  These support facilities at TTP are in generally good 
condition, as the plant is only 13 years old. The existing standby 
generator is capable of maintaining basic plant operation, including 
disinfection, valves, filter backwash and surface waste pumps. No 
further generator improvements are recommended. 

Chemical feed systems are appropriately sized and operate effectively.  No modifications are 
recommended. The Tenmile administrative facilities and lab are adequately sized and in good 
condition. No long-term improvements are needed. 

Summary of TTP Recommendations 
The TTP facilities are generally in good condition and well-suited to meet some of the City’s 
long-term needs. However, several improvements are recommended to optimize the 
capabilities of the TTP facilities, including: 

• Addition of solar powered aerators to Chessman Reservoir; 

• Addition of raw water quality monitoring system to provide advance warning to City 
of upcoming raw water turbidity spike; and 

• Replacement of filter media. 

Missouri River Treatment Plant Needs 

The MRTP will need 
to be upgraded to 
meet the City’s long-
term needs. 

In this chapter, the MRTP will be analyzed as a peaking plant to supplement TTP, operating 
only during the late-spring to early-fall period as demand dictates. All finished water from 
MRTP must be pumped to the distribution system, while the raw 
water supply can be delivered by gravity to the plant. The 
conventional treatment facility is outdated and will need to be 
upgraded in order to meet the City’s long-term needs. The following 
discussion reviews each major component at the MRTP and its 
ability to meet future needs.  

MRTP Raw Water Supply  
The Canyon Ferry Reservoir transfer system to the Regulating Reservoir has sufficient 
capacity to meet the long-term increased raw water demands for the City of Helena 
(maximum of 11,284 acre-foot per year available or 3,676 MG per year). That system will 
continue to keep the Regulating Reservoir full during the late March to mid-October 
irrigation season, with the reservoir filled at the end of the irrigation season. The water 
remaining in the Regulating Reservoir at the end of each irrigation season will be depleted 
more each year as water demands grow. 
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The Regulating Reservoir has a total storage capacity of 10,500 acre-feet (at water elevation 
3820.1), with 5,900 acre-feet allocated for irrigation and municipal/industrial use. The water 
level fluctuates from a minimum of 3813.5 feet in March to a maximum of about 3820 feet 
in the summer, with a full pool maintained during irrigation season.  

Algae Monitoring 

The Regulating Reservoir has experienced periodic algae blooms in the past. Previous studies 
have indicated that the water pumped from Canyon Ferry Reservoir does not contain 
significant algae due to the deep depth from which water is withdrawn. Due to the presence 
of runoff nutrients, warm water temperatures and abundant sunlight in the late summer 
months at the Regulating Reservoir, algae growth can be stimulated. As a result, dissolved 
oxygen levels in the reservoir drop, with the bottom of the reservoir most likely experiencing 
oxygen depletion. Under anaerobic conditions on a lake bottom, geosmin and 2-
methylisoborneal (MIB) are formed. Geosmin and MIB are major contributors to taste and 
odor in potable water supplies and are detectable at very low concentrations by the public 
(i.e. 5 ng/L).  

Algae and their metabolites can significantly affect the treatment and quality of drinking 
water by clogging intake screens, increasing coagulant demand, shortening filter runs due to 
filter clogging or premature breakthrough of algae and other particulates, increasing filter 
backwash requirements, increasing chlorine demand, producing unpleasant tastes and odors,  
and increasing microbial growth in the distribution system.  Detecting the onset of an algal 
bloom through monitoring and developing treatment strategies in advance of algae events 
can minimize the effects to water quality. 

Algae monitoring at 
the Regulating 
Reservoir is 
recommended. 

Utilities have used a variety of methods to monitor for increases in the number of algae.  
The most direct method is to perform counts.  On-line measurement of dissolved oxygen 
and pH in source waters can provide real-time indications of algae concentrations.  Increases 
in DO and pH are indicators of increased photosynthetic activity, which may be caused 
either by increases in algae concentration or by an increase in activity 
by a constant population.  When DO and pH rise, algae counts can 
confirm an increase as long as the utility has baseline data (historical 
pH and DO values) for comparison. 

Several test methods have been developed for use by operators that 
are more focused toward monitoring for earthy/musty odors, including the Attribute Rating 
Test and the 2-of-5 Odor Test.   Both these test methods are effective for monitoring low 
levels of geosmin and MIB for odor control.  The City currently tests for odors by using the 
“sniff” test, where the water is heated and “sniffed.”  

Algae Control 

One of the most effective methods to address taste and odor problems occurring at a 
storage reservoir is to prevent the biological activity that creates the taste and odor from 
occurring in the water supplies to the treatment facilities. For the supply being provided 
from the Regulating Reservoir to the MRTP, there are a number of potential alternatives to 
mitigate the taste and odor problem. Changing from one intake level to another has been 
used in the past to avoid the algae-laden water near the surface of the reservoir. Other 
potential alternatives to reduce the taste and odor occurrences include: 
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• Provide lower lake level aeration of the reservoir for maintaining DO levels in the 
reservoir’s lower depths to reduce geosmin/MIB formation in the reservoir bottom 
and reduce algae formation.  Estimated cost $150,000. 

• Provide aeration of the full reservoir depth to increase DO levels and destratify the 
reservoir, reducing algae growth and resultant taste and odor problems.  Estimated 
cost $250,000. 

• Relocate the intake for MRTP to near the reservoir inlet from the Canyon Ferry 
Reservoir transfer system to avoid water quality degradation that occurs in the 
Regulating Reservoir.  A new pump station would also be provided.  Estimated cost 
$2,000,000 (intake only). 

The raw water intake for the MRTP is located on the 
opposite side of the Regulating Reservoir from the 
Canyon Ferry Reservoir transfer system and can be seen 
in Figure 6-3. The existing MRTP intake allows removal 
of water from the reservoir at two elevations. A channel 
is provided in the dam embankment along the alignment 
of the intakes, allowing flow from the reservoir to pass to 
the two intakes. As a result of the intake location and 
design, water quality degradation can occur in the 
Regulating Reservoir due to the long water residence time 
and the limited variability of water depth that can be 
withdrawn at the intakes. 

Modifying MRTP Raw Water Intake   

 
A water and air blast, “self-

cleaning” barrel-type fish screen 
may be needed at the Reservoir. 

Relocating the MRTP intake at the Regulating Reservoi
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water pipeline to MRTP. G
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There are a number of options for adding fish screens at the existing MRTP intake at the 
Regulating Reservoir. However, addition of fish screens is complicated by the intake’s use of 
two separate intake laterals at different elevations. If the existing intake configuration is to be 
maintained, separate fish screens would be needed at the intake to both intake laterals. The 
trash racks currently in place at both inlets would need to be replaced with much larger 
screen assemblies. In order to meet the 0.5 fps maximum approach velocity limitation, the 
screen surface areas shown in Table 6-5 would be needed at each inlet. 

Table 6-5 MRTP Intake Screen Capacity and Surface Area 

Intake Capacity Design 
Year 

MGD cfs 

Screen Area 
Required (ft2) 

2025 13.91 21.12 42.2 

2045 19.95 30.88 61.7 

 
The existing trash racks provide approximately 12 square feet of surface area. Potential 
options for the fish screens at the existing Regulating Reservoir intake for MRTP include: 

• Barrel screens mounted to the intake pipe, with air burst cleaning system. 
• Vertical flat screens mounted in front of the intake inlet, with hydraulic flushing. 

As an alternative to adding fish screens to the existing intake, a new intake would be 
constructed that would require only one fish screen assembly. The new intake would be 
constructed in conjunction with a new raw water pump station system, needed to increase 
delivery capacity to the MRTP. Options include: 

• Constructing an intake tower in the reservoir, with fish screens attached to the 
structure at different intake levels and the tower connected by pipeline to the 
shoreline new water pump station (similar to the existing system at Chessman 
Reservoir). 

• Constructing a wide channel from the reservoir to the shoreline, where screens could 
be mounted to the front face of an inlet structure, with an attached raw water pump 
station (similar to the existing system). 

If fish screens are required at the MRTP intake, it is recommended that a new intake be 
constructed that can be specifically designed to incorporate the fish screen equipment. The 
screens should be self-cleaning and will eliminate the need for screening at MRTP. 
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MRTP Raw Water Delivery 

A raw water booster 
pump station is 
needed to meet the 
2025 design capacity 
at MRTP. 

The raw water line from the Regulating Reservoir to MRTP has a 9 MGD capacity at low 
water level (elev. 3805.0) and 12 MGD at full pool (elev. 3820.5). To meet 
the long-term MRTP peak raw water summer demand (13.91 MGD), 
improvements to the raw water line will be necessary. There are several 
potential alternatives for increasing the capacity of the raw water line to the 
MRTP: 

• Construct a parallel pipeline for all or a portion of the raw water 
pipeline length. 

• Increase the operating water level at the Regulating Reservoir 
• Construct a booster pump station on the raw water line at one of the following 

locations: 
o At the Regulating Reservoir site. 
o Along the pipeline between the Regulating Reservoir and MRTP. 
o At the MRTP site. 

Constructing a parallel line would be costly (more than $7,000,000) and would require 
construction in areas where the City does not currently have right-of-way. Raising the 
Regulating Reservoir operating water level is not practical given the BOR and HVID 
sensitivity to managing the system and the public use of the reservoir. Although the HVID 
manages the reservoir such that the water level is kept fairly full from April to September, 
the City does not manage the pumping facilities at Canyon Ferry that feed the reservoir.  
Constructing a raw water booster station allows BOR and the City the most flexibility and 
control to meet their long-term supply needs. 

Constructing a raw 
water pumping 
station allows the 
City the most control. 

The raw water pump station should be located to allow delivery of the 19.95 MGD (2045 
demand) to MRTP with the Regulatory Reservoir at low level (elev. 3805.5).  Before a 

recommendation can be made, a detailed geotechnical study is 
needed to evaluate the feasibility of constructing a new combination 
intake and raw water pump station at the Regulating Reservoir, with 
the capability to provide fish screening. Locating the new facility 
near the existing intake and near the Canyon Ferry Reservoir transfer 
station outlet should be considered. The estimated cost for a new 
shoreline intake/raw water pump station is $4,500,000, not including 

the cost of the discharge pipeline needed to connect to the existing raw water pipeline to 
MRTP. 

MRTP Overall Treatment 

The existing MRTP facilities 
need to be either improved or 
replaced to meet future water 
demands. 

The existing MRTP facilities need to be either improved or replaced to meet future water 
demands, with the exception of the recently renovated filters. The remainder of the MRTP 
facilities are not suitable to reliably produce the 2025 maximum day raw water demand at 
MRTP, including the pretreatment, disinfection, storage, high 
service pumping, residuals handling and support facilities. As 
a result, whether the existing filters are planned for use or will 
be abandoned in the future is a pivotal issue in evaluating the 
future needs for the MRTP. If the existing filters are to 
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remain in use, continuing to use conventional treatment makes the most sense in order to 
take full advantage of the existing filters’ capability. If the existing filters are to be 
abandoned, low pressure membrane treatment makes the most sense for constructing an 
entirely new treatment facility. For purposes of discussion, the use of the existing filters and 
upgrading the remainder of the plant will be evaluated first, followed by an evaluation of the 
use of membrane treatment, to provide a basis of comparison with the existing plant 
renovation alternative.   

Reuse of the existing MRTP must take a number of factors into consideration, even if the 
plant is upgraded: 

• The existing Flocculation Basin and Sedimentation Basin No. 3 are covered and 
located outside and will require removal of the cover and a building enclosure if 
reused in their current roles. 

• The plant site has a high groundwater table and will require a significant dewatering 
effort for construction of below grade structures or piping. 

• The plant facilities do not meet current building and fire codes and should be 
renovated if existing facilities are to continue in use. 

• The existing plant facilities are structurally sound and are suitable for future long-
term use by the City. 

• The MRTP will need to deliver water directly to the low zones to reduce pumping 
costs.  

MRTP Pretreatment 
The existing pretreatment system at MRTP, consisting of screening, rapid mixing, 
flocculation and sedimentation facilities, is not capable of adequately treating 13.91 MGD 
(2025 raw water demand) of raw water needed to deliver 13  MGD of finished water to the 
distribution system. The current facilities have a number of deficiencies (identified in 
Chapter 3) that will prevent the pretreatment system from producing a settled water quality 
suitable for filtering by the eight existing dual media filters.  This water quality standard is 
defined by the EPA as, “settled water turbidity less than 1.0 NTU 95 percent of the time 
when raw water turbidity is less than or equal to 10 NTU” or “settled water turbidity less 
than 2.0 NTU 95 percent of the time when raw water turbidity is greater than 10 NTU.”  In 
order to correct the pretreatment deficiencies, the existing screening, rapid mixing, 
flocculation and sedimentation facilities must either be upgraded or abandoned and replaced. 
Alternatives for upgrading the existing facilities are presented first, followed by the options 
for constructing entirely new facilities. 

Screening 

The screening facility currently in use at MRTP is located downstream of the jet mixer used 
for rapid mixing, resulting in the jet mixer plugging frequently. The raw water control valve 
is also located upstream of screening, but has not experienced any plugging problems to 
date. The screening facilities should be located ahead of both the control valve and rapid 
mixer to protect both from plugging or damage. The screens should be self-cleaning, capable 
of removing debris larger than 1/8-inch.  
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Open channel screens are best suited for this application, as pressurized screens directly 
piped to the raw water pipeline create too much headloss (i.e. 5-10 psi) for the hydraulic 
gradeline available at the MRTP. There are a wide variety of screens suitable for this 
application, including traveling screens and disc screens.  The screens could be located either 
at the head of the MRTP or at the Regulating Reservoir raw water intake/booster pump 
station. 

 
The existing rapid mix is undersized. 

Rapid Mix 

The existing rapid mixing facilities potentially can be 
reused with some modifications to the coagulant injection 
location to optimize mixing provided by the jet mixer. 
However, reuse of the exiting rapid mixing facilities is 
only practical if the existing flocculation basins 
immediately downstream are also reused in the expanded 
MRTP. Locating rapid mixing close to the flocculation 
basins is critical to providing good coagulation.  

Flocculation 

Both the existing rapid mix and flocculation facilities at 
MRTP were designed for 12.0 MGD. Increasing 
treatment flow to 13.91 MGD may require modification to the flocculation basins to 
increase mixing intensity, as the originally designed mixing gradients, 30-60 sec-1 (first stage) 
and 15-30 sec-1 (second stage) are marginal, even at the original 12.0 MGD design flow, and 
will be further compromised by increasing flow to 13.91 MGD.  

Sedimentation 

The existing sedimentation basins utilize tube settlers to enhance basin performance, with 
the basins designed for a maximum flow of 12.0 MGD. At the required design flow of 13.91 
MGD, the tube settler loading rates in both the inside basins (Basin No. 1 and No. 2) and 
the outside basins (Basin No. 3) exceed acceptable surface loading rates for tube settlers. 
Addition of more tube settlers to the sedimentation basins is not practical. 

Pretreatment Alternatives 
The existing rapid mix, flocculation and sedimentation facilities are not capable of providing 
the 13.91 MGD of treatment capacity required in the future. As a result, the existing facilities 
must be either modified or replaced to achieve the necessary treatment capacity. There are 
several viable alternatives for upgrading the MRTP pretreatment facilities: 

• Retrofit the existing interior and exterior sedimentation basins with plate settlers 
(replacing the tube settlers) and replace the flocculation mixers with higher intensity 
units. 

• Retrofit the existing interior sedimentation basins with dissolved air flotation (DAF) 
systems, including rapid mix and flocculation, and abandon the exterior rapid mix, 
flocculation and sedimentation facilities. 

• Abandon the existing rapid mix, flocculation and sedimentation facilities entirely and 
construct new ballasted sedimentation facilities (i.e. Actiflo or Densadeg). 



Treatment Plant Analysis  

6-17 

• Abandon the existing rapid mix, flocculation and sedimentation facilities entirely and 
construct new contact adsorption clarification (CAC) facilities (i.e. Trident or 
ContaClarifier). 

These alternatives were developed based on a number of considerations, which eliminated 
several potential pretreatment technologies. Following is a summary of those considerations. 

• The pretreatment facilities should not create much headloss and must allow gravity 
flow to the existing filters. 

• The pretreatment facilities should be located inside a building to allow routine access 
to the equipment for operations and maintenance and to protect the equipment from 
freezing. 

• The existing sedimentation basins are too shallow to convert to ballasted 
sedimentation or CAC. 

• High-rate sedimentation using ballasted sedimentation or CAC are the most cost 
effective pretreatment approaches when constructing new facilities at the MRTP, 
eliminating sedimentation using plate settlers or tube settlers from consideration. 

• Since DAF or plate settlers will work within the existing basins, those technologies 
do not need to be considered for the new facilities alternatives as the new facilities 
would be higher in cost. 

Following is a brief discussion of the candidate technologies for upgrading the existing 
pretreatment facilities or constructing entirely new facilities. 

Plate Settling Sedimentation 

One pretreatment option would be to add plate settling to the MRTP in lieu of current tube 
settlers.  The theory of plate settling is to reduce the distance that coagulated particles have 
to settle, increasing the effective surface area in the settling zone.  The surface area of the 
plates is significantly greater than the water surface area of the basin, allowing an 
approximate six-fold increase in flow rate compared to the same footprint in a traditional 
sedimentation basin.  The plates work by solids settling onto the plates and building up.  
Once there is a slight buildup, the solids will slough down the steeply inclined plates and 
drop to the bottom of the basin.  Mechanical equipment under the plates then moves the 
solids to a collection point for removal from the basin.  Effluent troughs above the settling 
plates collect pretreatment effluent. Figure 6-4 shows an example of plate settling 
equipment. 

Rapid mix and flocculation, which precedes the plate settlers, is similar to the processes for 
conventional sedimentation.  Upgrading the existing rapid mix and flocculation facilities at 
MRTP, as discussed previously, will provide the necessary coagulation prior to the plate 
settlers. It would be possible to retrofit the existing basins to hold plate settling equipment; 
however, due to the size limit of the basins, the system would be strained at 100 percent of 
the design flow and could produce excessive strain on the system if an algae problem were 
presented.  It would be most effective to add the plate settling equipment in a new building, 
or utilize both the inside basins and outside basins, where the system could provide 
sufficient settling time.  The use of the outside basin would require the addition of a building 
over the basins and removal of the existing covers to increase accessibility for maintenance. 

Advantages: 
• Higher rate of sedimentation – 6 gpm/ft2 of basin surface area 
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• Adaptable to existing basin shallow water depths 
• Tolerant of high turbidity spikes (>50 NTU) 
• Minimal modifications needed to existing basin structures 
• Non-proprietary equipment supplied by several manufacturers 

Disadvantages: 
• Periodic draining of basins needed to clean plates  
• Requires use of the existing outside basin, necessitating addition of a building 

enclosure 
• Upgrade of existing rapid mix and flocculation facilities needed to accommodate 

higher flows 
Figure 6-4 Plate Settling Process Diagram 

Adjustable 
weir 
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Inlet 
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Schematic courtesy of Parkson 
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Dissolved Air Flotation (DAF) 

DAF is a good fit with the MRTP 
water quality and the tankage 
requirements match existing. 

High rate DAF (loading rate of 11 gpm/sf) is suitable for use in the existing sedimentation 
basins at MRTP and requires only the two basins inside the plant building to achieve the 
13.91 MGD pretreatment capacity required.  The size of the existing basins are marginal for 
use with a conventional DAF system (6 gpm/sf loading rate), however, may still be 
achievable.  The existing basins would need to have all internal components removed, with 

new internal walls and equipment installed. The 
basins would operate in parallel, with each 
DAF unit sized to treat half of the flow. New 
rapid mix and flocculation facilities would be 
provided at the front of the DAF units, all 

installed in the existing basins. The existing outside rapid mix, flocculation and 
sedimentation basin will not be required when using DAF. 

In the DAF process, a recycle stream is saturated with air at high pressure and then injected 
into a flotation tank to mix with incoming flocculated water. As the recycle stream enters the 
flotation tank, the drop in pressure results in the release of the now supersaturated dissolved 
air. As the air bubbles form, they attach to floc particles and create a layer of sludge (or float) 
at the surface of the tank. The float is removed either by a mechanical scraper or by flooding 
the tank over a weir. The clarified water is collected near the bottom of the tank and passes 
to the filters. Figure 6-5 presents a schematic of a typical DAF process. 

DAF matches well with both the available square footage and the recommended minimum 
operating depth (10 feet) with the existing tank (11.5 feet). 

DAF is particularly effective in removing low-density particles from water, such as algae, 
protozoan cysts, coagulated natural organic matter, and floc from alum and ferric coagulants 
used on low-turbidity soft waters. These particles are a particular problem for a conventional 
treatment plant because they do not readily settle and usually require high coagulant doses 
and long flocculation and settling times. Carryover of these particles to the filters causes 
shorter filter runs. DAF is often the best available technology in these circumstances. 

Advantages: 
• Higher rate of sedimentation – up to 20 gpm/ft2 of basin surface area 
• Compact footprint due to higher loading rates 
• Thicker sludge produced – 2 to 3 percent solids 
• Shorter flocculation time needed 
• Lower chemical costs 

Disadvantages: 
• Higher operator skill than sedimentation 
• More maintenance than sedimentation 
• Higher energy cost
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Figure 6-5 Typical DAF Process Diagram 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Picture courtesy of Infilco Degremont/Ondeo 

Ballasted Sedimentation  

Ballasted sedimentation cannot be used in the existing MRTP sedimentation basins, as the 
basin depth is too shallow. A minimum water depth of 14 feet is needed to allow installation 
of the ballasted sedimentation equipment. As noted earlier, there are two manufacturers of 
ballasted sedimentation systems: Actiflo and Densadeg. Both systems use proprietary 
technologies but are somewhat similar in design. For purposes of this evaluation, Actiflo was 
evaluated for use at the MRTP. 

Actiflo is an effective high rate 
pretreatment process. However, 
it cannot be used in the existing 
basins. 

The Actiflo process is a high rate sedimentation process that uses microsand-enhanced 
flocculation to increase particle removal efficiency.  The Actiflo process consists of rapid 
mix, coagulation, microsand and polymer injection, maturation of floc, and settling of floc.  
Figure 6-6 illustrates how the Actiflo process operates. The 
microsand ballasted sludge is pumped from the settling tank 
to a hydrocyclone, where the microsand is separated from the 
sludge by centrifugal force.  The sludge is continuously 
removed for sludge treatment, whereas the microsand is 
reinjected back into the Actiflo system and continuously 
recycled. 

The first chamber is a mixing chamber, where the coagulant is mixed with the influent water.  
Polymer and microsand are added in the second mixing chamber, also called the sand 
injection chamber. Flocculation is provided in the third maturation chamber to enhance 
particle aggregation.  Small particles attach to the heavier microsand that allows for rapid 
settling in the sedimentation basin. 
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Settled solids are removed from the sedimentation basin and directed to a hydrocyclone.  
The hydrocyclone provides a zone of very high turbulence to shear attached particles from 
the microsand and separate the sand from the lighter particles. Sand is returned to the 
second mixing chamber while the solids are discharged from the system. 

Although a single Actiflo unit can handle the entire pretreatment capacity of 13.91 MGD, 
two units are recommended for redundancy purposes. The two Actiflo units would operate 
in parallel, treating half the flow each, and would be housed in a new structure/building at 
the plant site. Effluent from the Actiflo units would flow by gravity to the existing filters, 
similar to the existing sedimentation basins. A building with approximately 1,500 square feet 
is required for the Actiflo system. The optimum water depth for Actiflo operation is 15 feet.  

Advantages: 
• Very high rate of sedimentation – up to 25 gpm/ft2 of basin surface area 
• Ease of operation – fully automated system 
• Very compact footprint due to high loading rates 
• Can effectively treat rapid spikes in raw water turbidity and organics 
• Combines flocculation and clarification into one basin 

Disadvantages:  
• Minimum operating depth (14 feet) does not fit in existing basins (11 feet) 
• System has limited competition 
• Mechanically intensive system requires more maintenance 
• Routine replacement of microsand required 
• Can be limiting at high turbidities (i.e. >50 NTU) 



Treatment Plant Analysis  

6-22 

Figure 6-6 Ballasted Sedimentation Schematic (Actiflo) 

 

Pretreatment Process Comparison 

Table 6-6 compares the three pretreatment alternatives considered for the MRTP expansion 
to 13.91 MGD.   Regardless of the pretreatment system selected, a minimum of two parallel 
trains should be provided for redundancy.  Each system would have chemical feed, rapid 
mix, flocculation and clarification zones.  Collected sludge would be discharged by gravity to 
residuals handling.  Also, all facilities would be enclosed in a building to prevent freezing of 
equipment and water surfaces. For DAF, the facilities would be located in the existing plant 
treatment building. For Actiflo and plate settings, new construction would be required. 

Table 6-6 Design Criteria for Pretreatment Alternatives 

Design Criteria Plate Settling DAF Actiflo 

Rapid Mix, detention time, seconds 30 30 120 

Flocculation Zone, detention time, 
minutes 30 20 2/2 1

Clarification Overflow Rate, gpm/sf 6 14 25 

Clarification Detention Time, hours 0.5 0.3 0.1 
1 These values correspond to 2 minutes of detention time for each of 2 units in series. 
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Table 6-7 presents the total estimated capital cost, estimated O&M annual cost and 
estimated 20-year present worth of the three pretreatment alternatives.  Estimated detailed 
costs are included in Appendix 6-D.   

Table 6-7 Pretreatment Alternative Costs 1

Pretreatment Alternative 

Estimated Capital 
Cost 

Estimated O&M 
Annual Cost 

Estimated 20-
year Present 

Worth 2

Plate Settling $4,700,000 3 $40,000 $5,000,000 

DAF $4,100,000 $40,000 $4,500,000 

Actiflo $5,700,000 3 $40,000 $6,100,000 

1 Pretreatment capacity for 13.91 MGD 
2 Calculated at 8% interest. 
3 Assumes existing tankage is not reused. 

The selection of which pretreatment alternative to use at MRTP may be impacted by the 
taste and odor control strategy.  This is primarily a factor if Powder Activated Carbon (PAC) 
is selected to control taste and odor, as PAC requires a mixing zone with 30 minutes of 
detention time.  

The DAF alternative and the plate settling have very similar capital and 20-year present 
worth costs, not taking into consideration the taste and odor control implications.  Figure 6-
7 shows the process diagrams for potential treatment trains at the MRTP.  DAF treatment 
has proven to be more effective in locations with similar water quality and would most likely 
provide the optimum treatment for the cost. 
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MRTP Taste and Odor Control 

 
Algae have caused 

taste and odor events 
at MRTP. 

The existing MRTP is unable to currently accommodate severe taste and odor episodes and 
would shut down the plant during a severe event. Since these events have 
occurred in late summer-early fall, water demands are low enough at that 
time that the TTP can meet the systems demands. Taste and odor events 
that occur earlier in the summer are treated by adding PAC to the 
pretreatment system. With increasing demands on the MRTP in the 
future and the need to operate the plant for longer periods, the current 
MRTP taste and odor control strategy may not be considered practical 
for the future.  

The existing raw water delivery system to MRTP has a potassium 
permanganate (KMnO4) feed system near the start of the raw water 
pipeline, located just below the Regulating Reservoir dam.  KMnO4 can be fed to the raw 
water flowing to MRTP, allowing oxidation of some taste and odor causing compounds and 
any iron/manganese present in the water. The KMnO4 also serves to curtail biological 
growth on the raw water pipeline walls, reducing the growth of biofilms that would increase 
pipe hydraulic friction losses. 

Three potential strategies for handling taste and odor events at the MRTP in the future have 
been identified: Chlorine dioxide (ClO2)/power activated carbon (PAC), ozone (O3)/ 
hydrogen peroxide (H2O2), and ultraviolet radiation (UV)/H2O2.  

Chlorine Dioxide/PAC 

Chlorine dioxide is an effective 
oxidant that can be used in 
combination with PAC to 
control taste and odors. 

Chlorine dioxide is an effective oxidant that can be used in combination with PAC to 
control taste and odors.  The ClO2 must be fed prior to PAC, providing a delay before PAC 
is fed in order for the ClO2 to oxidize organics in the raw water. A minimum of 5 minutes of 
ClO2 contact time before PAC is recommended. 

 

The ClO2 must be generated on-site and fed immediately, as it 
cannot be stored. ClO2 is generated using sodium chlorate as 

the base chemical, or sodium 
chlorate with a mixture of H2O2 and 
sulfuric acid. ClO2 is formed by 
reacting sodium chlorite with chlorine gas, hypochlorous acid or 
hydrochloric acid. 

ClO2 does not create any regulated disinfection byproducts, with 
the exception that chlorite and chlorate are formed. Both are 
regulated, limiting ClO2 dosages to 1.5 -2.0 mg/L to the raw 
water. PAC will absorb ClO2 in the raw water, necessitating that 
the ClO2 be fed first. 

PAC is a bituminous coal-based product activated at high 
temperature and pulverized to a powder form. The principal use 
of PAC in water treatment is to remove taste and odor. In some 
waters, PAC may also remove color or organics that otherwise 
would interfere with coagulation or filtration. 

PAC dosages are usually in the range of 1 to 20 mg/L during 
taste and odor events. As much as one ton of product has been 
 
The proposed MRTP PAC 
system would be similar to 
the existing system at TTP.  
6-25 
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used in the past for treatment in an 8-hour period at MRTP. PAC containing adsorbed 
contaminants is removed with the sludge from the pretreatment basins. The existing PAC 
system at MRTP requires operations staff to manually load 50 pound bags of PAC into a 
feeder. This system is outdated and operator unfriendly and needs to be replaced with a 
system that allows purchase of bulk carbon deliveries. 

The recommended new PAC system would use a slurry storage tank, similar to TTP. The 
dry PAC would be unloaded into a slurry tank while mixing it with water to create a slurry, 
composed of 1 lb of PAC per gallon of water. The PAC is kept in suspension in the slurry 
storage tank with mechanically driven mixers. The PAC slurry is pumped from the bulk 
storage to a day tank and from the day tank through metering pumps to each point of 
application. Use of a slurry tank type of bulk storage reduces the carbon dust problem, as 
well as housekeeping and operator safety concerns. 

The slurry tank would be 45,000 gallons (40 feet square) with a 5,500 gallon day tank. Mixers 
would stir both tanks. Metering pumps would feed PAC to the pretreatment flocculation 
zone.  

A minimum of 30 minutes of contact time is required for the PAC to be effective for taste 
and odor control. The contact time must occur in a mixing zone that allows continuous 
contact of the PAC products with the raw water. The flocculation system proposed for each 
of the pretreatment systems provides the necessary mixing environment, but inadequate 
contact time.  It may need to be supplemented by an additional mixing tank prior to the 
flocculation system.  Table 6-8 below shows flocculation and mixing times required. 

Table 6-8 Recommended Flocculation and Mixing Times for PAC 

Pretreatment Alternative Flocculation Time Additional Mixing Time 
Required 

Plate settlers 30 minutes -- 

DAF 20 minutes 10 minutes 

Actiflo 2 minutes 20 minutes 

 

If DAF or Actiflo is used, supplemental contact time would be constructed or existing 
tankage used to allow the PAC time to adsorb organics. The existing flocculation basin could 
be converted to use as the contact basin for both the DAF and Actiflo pretreatment 
alternatives. 

Advantages 
• Plant staff is experienced in using PAC 
• ClO2 oxidizes iron/manganese in the raw water 
• ClO2 enhances settling of coagulated water 
• ClO2 and PAC system can be easily turned on and off 
• Inactivation of Giardia 

Disadvantages 
• PAC provides marginal reduction of taste and odor 
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• ClO2 doses are limited by downstream chlorite/chlorate concentration 
• Addition of PAC produces more residuals that must be handled 
• PAC requires significant treatment detention time in a mixed basin to function 

properly 
• PAC slurry has a limited shelf life and should be used within 6 months 
• PAC is messy to handle due to dust and difficult to feed due to abrasiveness 

Advanced Oxidation Processes 

 
Advanced oxidation 

processes are the most 
effective in treating taste and 

odor. 

The ozone/hydrogen peroxide and ultraviolet light/hydrogen peroxide alternatives are both 
considered advanced oxidation processes (AOP) that involve 
generation of a strong oxidant for the treatment of taste and odor 
compounds.  The hydroxyl oxidant produced by the AOP chemically 
breaks down the taste and odor compounds into non-odorous 
components.  Natural taste and odor producing compounds like 
MIB, geosmin and 2,4-heptadienal, as well as man made odorants like 
MTBE, can be effectively treated by AOP.  Due to their great 
oxidizing potential, hydroxyl radicals produced by AOP are capable 
of destroying taste and odor producing compounds that traditional 
water treatment oxidants such, as permanganate, chlorine, chlorine 
dioxide, or ozone, are incapable of treating.  AOP is also effective in 
destroying hard to treat organic contaminants, including many 
endocrine disrupting compounds.   

Currently, two AOP technologies are available on a commercial scale 
which use hydrogen peroxide for the generation of the hydroxyl 

radical.  These include the use of ozone/ H2O2 and UV/H2O2. 

Ozone/H
2
O

2

The ozone system is normally composed of four subsystems: ozone generation, feed gas 
preparation, ozone contact and off-gas disposal. Ozone generators are available in three 
types: low-frequency (60 Hz), medium frequency (400-1000 Hz) and high frequency (up  to 
2000 Hz). Medium frequency is the most commonly used, with air directed past two 
electrodes, with oxygen in the air converted to ozone. Feed gas for the generators may be 
either air or liquid oxygen (LOX). Due to the higher efficiency available by using LOX, 
many recent installations have employed LOX in lieu of air. Ozone contactors must be 
designed to maximize the transfer of ozone gas into the water, maintaining the contact for a 
prescribed time period needed for the necessary reactions to occur. For taste and odor 
control, multi-step injections and contact is often needed, with 15 minutes of contact time 
provided in three cells. The contact basins are covered to allow the capture of off-gas. The 
off-gas can be handled a number of ways, but is normally treated with a thermal/catalytic 
destruct unit. 

The H2O2 system would be relatively simple, consisting of a bulk storage tank (6000 gallons) 
and metering pumps. The system would need to be housed in a building and would allow 
bulk chemical deliveries using tanker trucks. 

The chemistry of the ozone/H2O2 process is more complicated than the UV/ H2O2 process.  
This is because ozone, the hydroxyl radical and intermediate compounds formed during 
radical formation, and ozone decomposition can all contribute to the oxidation of taste and 
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odor causing compounds.  The actual mix of oxidants is determined by factors such as water 
quality, concentrations of ozone and peroxide present and the relative ratio of peroxide to 
applied ozone.  Similar to the UV/ H2O2 process, the ozone/ H2O2 process can result in the 
complete destruction of taste and odor causing compounds. 

Advantages: 
• Oxidizes iron/manganese in raw water 
• Ozone is a proven taste and odor technology 
• Ozone can be used for primary disinfection 

Disadvantages 
• Ozone creates assimilable organic carbon (AOC) that must be removed by creating a 

biologically active filter 
• Ozone must be operated continuously to keep filters biologically active 
• Ozone uses a large amount of power 
• High doses are required to inactivate Cryptosporidium 
• Contact basin must be provided 

UV/H
2
O

2

The UV system consists of a control panel, UV reactor and UVT monitor. The reactor 
houses the UV lamps, lamp sleeves, UV intensity sensors, cleaning mechanism and 
temperature sensors. UV reactors are either open-channel or closed reactors. Closed reactors 
are normally used for potable water, with low-pressure (LP) mercury vapor lamps, low-
pressure high-output (LPHO) mercury vapor lamps used. LP and LPHO produce a nearly 
monochromatic UV light at 254 nm, while MP produced polychromatic UV light ranging 
from 200-300 nm. Normally used for disinfection purposes, UV has also proven to be 
effective for taste and odor control. A much higher UV intensity is needed to inactivate 
geosmim and MIB. As a result, two stages of UV make the most sense for MRTP. The first 
stage would meet the disinfection requirements, while the second stage (which can be 
bypassed or turned off) would only be used during taste and odor events. The UV system is 
best located downstream of the filters and creates 5-10 feet of headloss. 

The H2O2 system would be similar to the system described for the ozone alternative. The 
H2O2 facilities could be located adjacent to the UV equipment. 

The UV/hydrogen peroxide process employs photolysis (splitting chemical bonds with light) 
to create a strong oxidant by using ultraviolet light to cleave the O-O bond of the H2O2 
molecule. Once created, the hydroxyl radical rapidly attacks and splits any electron-rich 
chemical bond it encounters.  This in turn initiates a series of reactions which destroys the 
taste and odor causing compound. 

Advantages 
• UV provides inactivation of Cryptosporidium and Giardia 
• Does not impact the formation of TTHM and HAA5 
• Minimal detention time required for treatment to occur 
• Very effective for taste and odor control 
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• Allows taste and odor control function to be activated only when required 
• UV/H2O2 does not create AOC 

 
UV dis nfec ion is effective 
for primary disinfection and 
taste and odor control when 

used with peroxide. 

Disadvantages 
• UV/H2O2 is an emerging technology for T&O control 
• Does not provide virus inactivation at low dosage rates 
• Requires 1-6 feet of hydraulic head to operate properly 

(5-10 feet if flow splitting needed) 
• Must be located downstream of filters to minimize 

interference 
i t

• Validation testing needed to receive inactivation credit 

Taste and Odor Process Comparison 

Table 6-9 compares capital, O&M and present worth for the 
three alternatives considered. Detailed costs are included in 
Appendix 6-E. Each system has unique capital and operational costs. All facilities would be 
enclosed in a building to allow easy access for operation and maintenance and to prevent 
freezing of equipment and water surfaces. 

Table 6-9 Taste and Odor Alternative Costs 

Alternatives Estimated Capital 
Costs 

Estimated Annual 
O&M Costs 

Estimated 20-year 
Present Worth 1

ClO2/PAC 4 $1,800,000 $70,000 $2,500,000 

Ozone2/H2O2 3 $3,700,000 $150,000 $5,200,000 

UV/ H2O2 3 $1,500,000 $60,000 $2,100,000 
1 Present worth based on 8% interest rate. 
2 Costs presented are for taste and odor control only and do not include Cryptosporidium inactivation. 
3 Estimated capital cost for H2O2 only is $200,000.  Estimated O&M for H2O2 only is $30,000.  
4 Estimated cost of PAC only is $1,300,000.  

 
Filter capacity is limited by 
ineffective pre-treatment. 

The taste and odor control facilities alternative selected for the MRTP needs to take into 
consideration the potential primary disinfection benefits gained from the treatment 
processes employed for taste and odor control. For example, the UV and ozone systems 
used for two of the alternatives are very effective at primary disinfection. As a result, 
selection of the taste and odor control strategy will be evaluated 
in conjunction with the disinfection strategy at MRTP at the end 
of this chapter. 

MRTP Filtration 
The MRTP has historically been operated at a loading rate of 3 
gpm/sf (8 MGD). The current filter loading rate is limited by 
three issues: ineffective pretreatment, the use of sweep 
coagulation (alum dose of 50 mg/L), and the limited capacity of 
high service pumping.  

Pretreatment at MRTP is largely ineffective, with turbidities onto 
the filters virtually matching influent turbidities, even at high 
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alum doses.  This poor performance means one of the plant’s multiple barriers to pathogen 
pass-through is not functioning. 

If pretreatment is improved, the capacity of the existing filters would increase to 13.78 MGD 
with one unit out of service at a conservative loading rate of 5.06 gpm/sf.  With the 
improvements made in 2003-04, including new media and underdrains, the existing filters are 
capable of meeting the City’s needs for turbidity removal up through 2025 at the MRTP.   

MRTP Disinfection 
As discussed in Chapter 3, the existing chlorine gas system at MRTP does not meet current 
building and fire code requirements.  Chlorine serves as the primary disinfectant system and 
could be replaced with a new chlorination system, a UV disinfection system or ozone 
disinfection. UV is more cost effective than ozone when just disinfection is required in cold 
waters.  

Secondary disinfection at MRTP can best be accomplished using chlorine, unless 
disinfection by-products become an issue in the future. Chlorine provides a consistent 
disinfecting residual in the existing distribution system and has worked well in the past. If 
disinfection byproduct concentrations in the distribution system become a problem in the 
future, ammonia feed can be added to convert the chlorine to chloramines. Chloramines 
minimize DBP formation in the distribution system and provide a longer residual life in the 
system than chlorine, but may have adverse effects on lead and copper release in the 
distribution system. 

Chlorination 

Three alternatives for chlorination as a disinfectant were reviewed in Appendix 6-B: chlorine 
gas, liquid chlorine and onsite generation. Chlorination with liquid sodium hypochlorite 
would require delivery by bulk tanker truck.  One 3,000 gallon storage tank, at average 
conditions, would last approximately one month. Sodium hypochlorite would be delivered to 
the finished water with metering pumps. The chlorination room would include a secondary 
containment of the 5,000 gallon chlorine tank, a sprinkler fire suppression system and 
containment for 20 minutes of fire flow from sprinklers.  

The advantages and disadvantages of chlorination as a primary disinfectant are: 

Advantages: 
• Simple to operate and maintain 
• Low capital cost 

The existing MRTP chlorine gas 
system does not meet current 
codes. 

• Chlorine gas scrubbers or secondary containment 
vessels not required 

Disadvantages: 
• Not able to inactivate Cryptosporidium 
• Higher operating costs 
• Generates regulated disinfection byproducts 
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Ultraviolet (UV) Disinfection 

UV disinfection is being used more commonly for disinfection of potable water. It leaves no 
residual, so requires use of a different technology for secondary disinfectant. The most 
common application point for UV is after filtration. UV reactors are available in two types: 
closed vessel and open channel (the City WWTP has open channel). Closed vessel is 
generally the preferred reactor for potable water because it has minimized exposure from 
airborne contaminants, a smaller footprint, modular design for similar installation, and 
minimal personnel exposure to UV. Contact times are short, on the order of seconds, so 
eliminating short circuitry is critical. The estimated building size for UV facilities is 400 
square feet.  
The advantages and disadvantages of UV as a primary disinfectant are: 

Advantages: 
• Capable of inactivating Cryptosporidium 
• No contact time required 
• No chemicals to deliver or store 
• Does not create regulated disinfection byproducts 

Disadvantages: 
• Higher power cost 
• Creates 5-10 feet of hydraulic headloss 
• Compact equipment footprint 
• Requires a separate secondary disinfectant 
• Requires validation 

Ozone Disinfection 

Ozone would be added 
upstream of the filters. 

Ozone is a powerful disinfectant, occasionally used for disinfection of potable water.  It 
provides no residual disinfectant in the water, so requires use of a 
secondary disinfectant (chlorine).  The most common location to 
use ozone in a water treatment plant is following sedimentation, 
prior to filtration.  An ozone contact chamber with about 15 
minutes of contact time is normally required, with the contact chamber baffled to assure 
good contact between the water and ozone.  Ozone is generated on-site and fed into the 
contract chamber as a gas using diffusers.   

When TOC is present in the water, ozone breaks the longer chain molecules down into 
smaller chains, creating a simple organic carbon (AOC) that serves as a food source for 
biological activity in the water system, particularly biofilms in the lining of water distribution 
system pipelines.  In order to prevent the biofilms from occurring, it is necessary to remove 
the AOC.  Normally, this is accomplished by using biological active filters (BAF), which can 
be implemented using conventional dual media filters like those at MRTP.  The filters are 
allowed to grow biological organisms that consume the AOC, which necessitate that the 
ozone be routinely kept in operation to maintain the biological growth on the filter media. 

Advantages: 
• Very effective at meeting current disinfection “CT” requirements 
• No chemical deliveries required 
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Disadvantages: 
• Not capable of inactivating Cryptosporidium 
• Very high power cost 
• Requires addition of ozone contact chamber 
• Ozone must be kept in operation to sustain BAF 
• Ozone destruct system required for off-gases 
• Ozone produces by-products that are not currently regulated, but are likely to be in 

the future 

Disinfection Process Comparison 

Table 6-10 compares capital, O&M, and present worth for the three alternatives considered. 
Detailed costs are included in Appendix 6-F. Each system has unique capital and operational 
costs. All facilities would be enclosed in a building to allow easy access for operation and 
maintenance and to prevent freezing of equipment and water surfaces. 

Table 6-10 Disinfection Alternative Costs 

Alternatives Estimated Capital 
Costs 

Estimated O&M 
Costs 

Estimated 20-year 
Present Worth 1

Liquid Chlorination $350,000 $36,000 $700,000 

UV 2 $1,300,000 $30,000 $1,500,000 

Ozone $3,900,000 $175,000 $5,650,000 
1 Present worth based on 8% interest rate. 
2 Costs presented are for disinfection only. 

 

The recommended approach for pretreatment taste and odor control and disinfection at 
MRTP is based on phased implementation of the improvements.  DAF is recommended for 

pretreatment at the MRTP, as it has the lowest long-term cost 
and is compatible with the preferred taste and odor control 
strategy. The DAF system would need to be constructed in the 
first phase of construction. The first phase would include 
A phased approach to 
disinfection and taste and 
odor control is recommended.  
6-32 

construction of liquid chlorination facilities and PAC.  If the 
MRTP bin classification for Cryptospridium (to be completed in 2007) requires special 
treatment, UV could be constructed downstream of the filters.  Given that the flow comes 
from a reservoir, it is not likely that a higher bin classification will be applicable.  The settling 
effects that take place in a reservoir greatly reduce the likelihood of Cryptosporidium detection 
in the supply.  

If the taste and odor events at MRTP prove to be manageable with PAC, ClO2 could be 
added to enhance treatment. However, if PAC is not effective, UV/H2O2 could be added 
downstream of the filters. If UV disinfection becomes necessary for Cryptosporidium, shifting 
away from PAC to UV/H2O2 may be worthwhile. 

MRTP Corrosion Control 
The City does not currently add corrosion control chemical to the treated water from the 
MRTP.  A more thorough analysis of the source water and its potential impact on the lead 
and copper levels in the distribution system will need to be completed prior to increasing the 
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amount of MRTP water feeding the system.  It is likely that chemical corrosion control 
addition will need to be added. 

MRTP Residuals Handling 
The existing residuals handling system at MRTP receives filter backwash wastewater and 
sedimentation basin sludge blowdown. Both flows are directed to two storage lagoons at the 
plant site. Due to evaporation and percolation into the subsoil, it has not been necessary to 
discharge any water from the lagoons in the past. However, increasing the quantity of flow 
to the lagoons, due to the increased finished water production by MRTP in the future, may 
exceed the evaporation/percolation capacity of the lagoons. Adding a third storage lagoon 
would most likely resolve this problem since the MRTP will continue to operate only 
seasonally.   

The existing ponds have a large percolation capacity and have historically handled several 
backwashes daily (estimated 700,000 gpd). The new filter to waste (FTW) pumps will add an 
additional 20,000 gpd of flow to the lagoons. If, in the future, the percolation capacity of the 
lagoons is exceeded or declines, flow may be discharged to Prickly Pear Creek.  The last 
issued discharge permit is in Appendix 6-G. The State has administratively extended this 
permit.  If the percolation capacity is exceeded or if MDEQ removes the permit to discharge 
and a third lagoon is not constructed, a recycle pump station may be needed to return lagoon 
decant flow to the head of the plant.  

If the City elects to recover lagoon water to maximize the use of the raw water supply, the 
estimated cost for maximizing the recovery by lining the ponds and constructing a backwash 
recovery pump station is $800,000. The City could recover approximately 600,000 gpd. The 
annual cost to delivery 600,000 gpd of raw water to the plant site is only $17,000, making it 
impractical since raw water supply is readily available. 

MRTP Clearwell and Finished Water Pumping 
The new clearwell and finished water pump station, designed in 2000 (but not constructed) 
for the MRTP, was intended to supplement the existing clearwell and replace the existing 
high service pumps. The clearwell was designed with a volume of 0.8 million gallons and the 
high service pump station with an 8.0 MGD high zone capacity.  

The clearwell was positioned to allow gravity flow from 
the existing clearwells, requiring that the clearwell be 
buried. A maximum water depth of 12 feet was used for 
the clearwell, with the 90 foot by 105 foot cast-in-place 
rectangular structure buried under 3-1/2 feet of topsoil. 
The high service pump station included four 2.0 MGD 
vertical turbine high zone pumps, mounted in individual 
suction cans. The suction cans extend approximately 20 
feet below the pump station floor and each are connected 
to a pipeline from the new clearwell. The building 
enclosing the pump equipment and surge tank is 
approximately 2,280 sf (not including the attached 
chlorine facilities). The pump station was designed to 
allow expansion of the structure to house future low zone 

high service pumps and/or additional high zone pumps. 

 
An at-grade clearwell has 

advantages at MRTP. 
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The originally proposed clearwell and high service pump station facilities, designed in 2000, 
are no longer suitable for use at the MRTP for a variety of reasons: 

• MRTP capacity will need to be increased to 13.78 MGD, significantly exceeding the 
8 MGD design capacity. 

• Clearwell capacity will need to be increased to at least 1.5 MG to meet both plant 
and distribution system needs.  This significantly exceeds the current 0.8 MG design 
capacity. 

• Low zone high service pumps will be needed to meet future distribution system 
needs, which are not included in the design. 

Due to the increased size requirement of the new clearwell and high service pump station, it 
is worthwhile to consider alternatives to the original design concepts for both structures. 
Because of the high groundwater table at the MRTP site, construction costs for buried 
structures will be high due to the construction dewatering costs and the need to provide 
sufficient mass in the structure to overcome buoyancy.  An on-site groundwater monitoring 
well is read annually. The most viable option to the buried clearwell at the MRTP is an 
above-grade clearwell. This type of structure would have a number of advantages over the 
buried clearwell: 

• A low cost prestressed concrete tank would be used for the clearwell. 
• A deeper water depth could be used in the clearwell, allowing a more efficient design 

to be used for the structure. 
• Construction dewatering would be eliminated as the structure foundations would 

require shallow excavations. 
• High service pump station could be an at-grade station located adjacent to the 

clearwell. 
• Filter backwash pump could be eliminated by using the head from the tank to deliver 

backwash water to the filters. 
• Clearwell contents would be above the flood level, protecting the contents from 

possible contamination. 
• Provides a location to install UV disinfection equipment (located in transfer pump 

discharge) that fits with the plant hydraulic constraints. 
• Eliminate constructing the high service pump station on over 20 feet of backfill, 

removing the potential for building settling in the future. 
The biggest disadvantage of an above-grade clearwell is the need to provide transfer 
pumping between the existing clearwells and the new clearwell.  There would be more 
pumps to maintain but no additional energy would be required. 

An above-grade 
clearwell provides a 
space for future UV 
and elimina es costly 
clearwell dewatering 
and construction. 

t

The use of transfer pumps would also provide a good location for a UV disinfection system 
to be installed. The UV system requires about 5-10 feet of 
hydraulic head to operate properly, which could be provided 
by routing the transfer pump discharge through the UV 
reactors prior to flow entering the clearwell. The UV system 
could be located in the high service pump station building to 
simplify the new facilities required. Table 6-11 is a cost 
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comparison of the clearwell and high service pump station components for the two options. 

The required CT is for the MRTP is the same as the TTP.  Table 6-12 is a summary of the 
detention times required for MRTP to meet the CT requirements of the SDWA for both 
winter and summer operation. 

Table 6-11 MRTP Clearwell Cost Comparison 

Item Buried Clearwell 
(1.5 MG) 1

Above-grade 
Clearwell (1.5 MG) 

Building $200,000 $200,000 

Earthwork (excavation and backfill) $100,000 $11,000 

Dewatering (during construction) $500,000 $- 

Concrete (cast-in-place or prestressed) $1,200,000 $900,000 

Clearwell PVC Liner $63,000 $ -  

Clearwell Piping/Valving $300,000 $200,000 

Transfer Pumping (existing HSPS 
modifications) 

$- $71,000 

High Service Pumping Equipment 2   $300,000 $320,000 

Surge Tank $80,000 $80,000 

Installation of Equipment (50%) $200,000 $240,000 

Electrical & Instrumentation (35%) $200,000 $230,000 

HVAC (10%) $61,000 $70,000 

Piping and Valves (30%) $200,000 $200,000 

Site Clearing and Grading (5%) $45,000 $43,000 

Engineering and Contingencies $1,000,000 $870,000 

Total Cost $4,449,000 $3,435,000 

1 Based on escalated costs provided in 1999 Master Plan. 
2 Assumes separate pump station provides flow to the low zone. 

Based on these requirements, a chlorine concentration of 1.5 mg/l and a T10/T flow 
circulation ratio of 0.55, a clearwell and pipeline detention volume of 1.15 MG is needed in 
the winter and 0.91 MG in the summer. 

Table 6-12 Required Detention Times to Meet CT Requirements 

Operating 
Condition 

Peak Flow Minimum Water 
Temperature 

Minimum CT Required 1

   Viruses  Giardia 

Winter 8.7 MGD 0.5 DegC 9 157 

Summer 13.0 MGD 10 DegC 4 83 
1 Based on an alkalinity of 180 mg/l as CaCO3
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Clearwell Recommendation 

Based on the above cost comparison and the benefit of providing the flexibility to add UV 
disinfection in the future, an above-grade clearwell is recommended for the MRTP. 

MRTP Support Facilities 
The MRTP support facilities, including administration, SCADA system and chemical 
handling systems, need to be upgraded to meet the long-term requirements. The existing 
chlorine room being abandoned can be converted to a new central room, with the existing 
lab/office converted to an operating room with an improved lab. The plant SCADA system 
will need to be upgraded, using a PLC-based control system linked by a data highway to a 
central control computer. The plant’s chemical systems will also need to be upgraded to 
meet code and to increase the treatment capacity.   

The existing plant has a 0.5 KW standby power generator, capable of operating the PLC and 
filter valves only in a shutdown.  More reliable standby power to operate high service pumps, 
disinfection, filtration and pretreatment, will be required.  The estimated cost of a 2,000 KW 
generator that could operate one High Zone pump, and one Low Zone pump, and the other 
necessary equipment, would be about $400,000.  The total cost of upgrading the support 
facilities is $2,600,000. 

MRTP Membrane Treatment Alternative 
As noted earlier, using membrane treatment at MRTP only makes sense if an entirely new 
facility is constructed. In order for membrane treatment to be cost-effective at MRTP, the 
membranes must be operable without sedimentation prior to the membranes. Coagulation 
ahead of the membranes will be necessary to remove color and organics from the raw water. 
Otherwise, only turbidity particles would be removed from the water. The membrane 
systems currently available are supplied as a package system, with all ancillary systems 
provided by the membrane manufacturer. 

Developed in the late 1960s, membrane treatment processes have had a large impact upon 
water supply and treatment and have steadily grown to become a major facet of the potable 
water market. This growth and development has accelerated in the last 1990s and many 
municipal and private water utilities are evaluating membrane treatment technologies as a 
tool to provide safe economical water supplies. Their implementation can reduce chemical 
and manpower costs for utilities while providing a stable potable water supply. 

Membrane filtration has been used successfully across the United States for various water 
purification applications. Continuous work is revealing that membrane filtration is an 
extremely effective means of removing Giardia lamblia and Cryptosporidium parvum from water 
supplies. Greater than 6-log removal has been successfully demonstrated for these 
organisms.  

Water purification with membranes (micro- and ultrafiltration) is achieved by physically 
preventing particles greater than 0.1 micron in size from penetrating the membrane barrier. 
A low-pressure feed system forces water from the outside (“dirty-side”) of the membrane to 
the inside (“clean-side”) of the hollow fiber, or vice-versa in an inside-out membrane fiber. 
Contaminants larger than 0.1 micron, such as Cryptosporidium and Giardia, are excluded from 
passing through the membrane. As a result, the water that passes through the membrane is 
free from pathogens and bacteria and can be directed to the distribution system upon 
disinfection. 
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Depending on membrane fiber characteristics, feed water may be pre-chlorinated, oxidized, 
and/or dosed with a small amount of coagulant to remove dissolved contaminants, such as 
TOC, iron, manganese, or taste and odor compounds. Periodically, an air and/or hydraulic 
backwash removes particulate matter from the “dirty-side” of the membrane and flushes out 
the particulate cake that forms. Membrane backwashing is completed on a set time interval 
(approximately one to two minutes of backwash for every 20 to 30 minutes of operation) or 
based on an increase in pressure loss across the membrane. 

Due to the performance of low-pressure membranes in a wide 
variety of applications throughout the United States and 
preliminary cost comparisons with conventional treatment, low-
pressure membranes are expected to provide the best treatment 
alternative for MRTP if a new treatment facility is necessary. 
For facilities larger than 10 MGD, submerged or vacuum 
membrane systems are normally the most cost-effective. 
Pressure systems, which are limited to a maximum of 1.5 to 2.0 
MGD per skid, are not practical at this higher capacity.  

Membrane filtration would be 
used if the existing plant were 

abandoned. 

Two leading vendors that supply submerged membrane systems 
for drinking water treatment are Zenon Environmental and 
USFilter/Memcor. Both vendors provide hollow fiber 
membrane modules in a packing configuration that can treat the 
water during high turbidity events without blinding or clogging 

the membranes. Both vendors’ systems can handle high-turbidity feed water conditions, up 
to 100 NTU. 

At the MRTP, pretreatment facilities (rapid mix and coagulation) would be provided ahead 
of the membranes, but the membrane plant will be designed to treat either raw water 
without pretreatment or pretreated water. A schematic diagram of the treatment units can be 
found in Figure 6-8. 

Summary of MRTP Recommendations 
The MRTP facilities are in poor condition, with the exception of the filters, and are not 
capable of meeting long term needs in the current plant roles. Several improvements are 
needed, including: 

• Raw water pump station and intake ($4,500,000) 
• New pretreatment with DAF ($4,100,000) 
• New disinfection with liquid chlorine ($350,000) 
• New transfer pump station, high zone pump station and clearwell ($3,400,000) 
• Support facilities ($2,600,000) 

The estimated total cost of these improvements at the plant is $14,950,000, less than the 
$17,000,000 estimated cost of a new membrane facility located on the plant site. The 
rehabilitation of the facilities in a phased fashion to meet grant funds is recommended.  
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Hale Zone Needs 
The Hale Zone supply consists of two water sources: Orofino and Eureka. The Orofino 
supply was classified as under the influence of surface water as described in Chapter 4.  The 
Eureka pump station and well was not classified as under the influence, but will be impacted 
by the Groundwater Rule.   

Orofino 
The Orofino source is described in Chapter 3.  The City has until March 1, 2006 to address 
the surface water classification.  The State has given the following alternatives for addressing 
the listing: 

1) Provide filtration treatment to the Orofino well water and comply with requirements 
for filtered systems as specified in the CFR 141.70. 

2) Meet the criteria to avoid filtration and comply with requirements as specified in 
CFR 141.71. 

3) Permanently disconnect the source water.   

4) Seek a new source or rebuild the existing source. 

In addition, the proposed LT2ESWTR discussed in Chapter 4, will require that unfiltered 
sources provide at least 2.0 log Cryptosporidium removal (more could be required based on 
source water Cryptosporidium levels).  To maintain both sources, it will be necessary to provide 
filtration or secondary disinfection.  For the purposes of this analysis, it is assumed that both 
Eureka well and the Orofino flows would be treated by the proposed methods as both flows 
come together as they enter the reservoir. Following is a summary of the three possible 
alternatives for treating both Hale Supply sources. 

Alternative 1-Provide Filtration 

Section 141.73 discusses four filtration methods, conventional filtration, direct filtration, 
slow sand filtration, and diatomaceous earth filtration.  All of these are considered to provide 
2 log Cryptosporidium removal if turbidity limits are met.   

Membrane filtration is capable of providing at least 2 log Cryptosporidium removal.  A 
membrane filtration system would require construction of a building to house the membrane 
(approximately 1,000 square feet), a pump station to push flow through the membranes, 
sewer discharge for the membrane reject stream, in addition to the membrane equipment 
and controls.  The estimated capital cost for this alternative is $800,000.  Additional 
operation and maintenance costs (O&M) would be required for system maintenance, power, 
and membrane replacement.   

Alternative 2 - Avoid Filtration 

The proposed LT2ESWTR, discussed in Chapter 4, will require that all unfiltered sources 
provide 2.0 log Cryptosporidium removal. In effect the rule requires two methods of 
disinfection, since chlorine is ineffective for Cryptosporidium inactivation, but is needed to 
provide system residual.  With a source of this size, UV disinfection would be the most cost 
effective way to provide a second method for disinfection.  Ozonation and chlorine dioxide 
would be less cost effective.    
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The UV system would require construction of a building, system controls, addition of a 
redundant power supply, in addition to the UV equipment itself.  The estimated capital cost 
for UV disinfection is $700,000.  O&M costs would include operator time, power to operate 
the system, and lamp replacement.    

Alternative 3 –Disconnect the Source 

The Hale Zone is fed by the Eureka pump station and well and Orofino.  If Orofino was 
disconnected, the Hale Zone would rely on the Eureka pump station and well.  No 
additional costs would be incurred.  The Eureka system is capable of providing for the 
demands in the Hale and Upper Hale Zones, 0.57 MGD, peak day in 2025.   

Connection of the Hale Zone to the main City sources will be recommended in Chapter 7 to 
provide additional system redundancy.  This connection was recommended in the 1997 and 
would be recommended here regardless of the selected alternative.   

Water collected from Orofino would likely be collected in the ditch along the south side of 
West Main Street and drain into a 54-inch storm drain that runs from Last Chance Gulch  
through downtown.  This is an area of known flooding and a detention pond is planned for 
the area to fix the problem. 

Alternative Comparison 

Given the capital costs associated with Alternatives 1 and 2, and the additional O&M 
associated with those alternatives, disconnecting the source is recommended.   

Table 6-13 Orofino Alternative Comparison 

Alternative Capital Cost

Alternative 1-Filtration $800,000

Alternative 2-Avoid Filtration $700,000

Alternative 3-Disconnect the Source $0 1
1 Cost does not reflect additional costs needed to provide additional 
treatment elsewhere 

Eureka  
The Eureka pump station and well has been classified as groundwater and the source will be 
impacted by the Groundwater Rule.  The line that extends to the south on Main Street from 
Eureka well is not chlorinated and meets all current groundwater quality requirements for 
public water supply.   

When the Groundwater Rule is finalized (estimated date of adoption is 2006), the rule would 
require installation of a chlorine feed system and adequate contact time to provide 4-log 
virus inactivation.   In the current operating configuration, this would require construction 
of a chlorine feed system and storage tank for contact time at the Eureka pump station.  Site 
space at the Eureka site is limited and making these additions would be costly.  This line 
serves a limited number of customers and would be better served by connection to the main 
City supply.   
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Buildout Conditions 
The projected maximum day flows for the City of Helena water service area in the buildout 
year, 2045, will be around 27.2 MGD.  The recommended configuration for upgrading both 
water treatment facilities will require modification in order to meet this demand.  
Due to stream flow constraints at the TTP, it is assumed that the maximum flow of the TTP 
would remain 8 MGD and 19.2 MGD would need to be supplied by the MRTP.  It was 
recommended earlier in this chapter that the raw water intake be sized 
for buildout conditions.  For pretreatment, the DAF system could either be expanded on 
site, or an Actiflo system with higher loading rates could be applied.  To provide the most 
water in the smallest footprint, it would be recommended that membranes replace the 
existing filters.  The buildout flow of 27.2 MGD could be produced within the existing filter 
footprint.  Approximately 1 MG of clearwell storage and an additional 6.2 MGD of pumping 
capacity will be needed.  The site has the space required to meet these needs.   Solids 
handling will need to be modified in order to handle the increased flows.  A third solids 
holding lagoon could be added or a backwash recycle station could be used to recycle flow 
and eliminate the need for an additional lagoon.  

The current site is sufficient for handling the additional infrastructure that would be required 
to accommodate the increased flows. 

References 
USEPA Handbook – 1998 Edition.  Optimizing Water Treatment Plant Performance Using the 
Composite Correction Program. EPA/625/6-91-027.  Cincinnati, OH: USEPA, 2004. 
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Appendix 6-A Filter Evaluation and Recommended Report 























Treatment Plant Analysis  

6-43 

Appendix 6-B Disinfection Recommendation Cost Breakdown 

Disinfection 
The City of Helena currently uses chlorine gas for their water treatment disinfection.  
However, the City is looking at other forms of disinfection, specifically liquid sodium 
hypochlorite and on-site generation.  This discussion describes an evaluation of alternative 
chlorination systems.  The chlorination alternatives evaluated include chlorine gas, liquid 
sodium hypochlorite, and on-site generation of liquid sodium hypochlorite.  Life cycle costs, 
including capital and O&M, were developed for each alternative. 

Applicable regulations include the Occupational Safety and Health Administration (OSHA) 
Process Safety Management (PSM) requirements, the Environmental Protection Agency 
(EPA) Response Management Plan (RMP) regulations, and Article 81 of the Uniform Fire 
Code (UFC).  

Labor required for the gas system is expected to be greater than purchased liquid sodium 
hypochlorite, due to cylinder replacement needs and scrubber maintenance under peak flow 

conditions.  However, the chemical cost for sodium hypochlorite is 
much greater than gas.  These offsetting labor and chemical cost 
differences yield a very similar projection of total annual costs for 
operation and maintenance. 

Since it is in liquid form, sodium hypochlorite is preferred from a safety 
perspective.  However, sodium hypochlorite does not store well and 
operations will need to be carefully controlled to prevent chemical 
storage beyond two months.  Chlorine in gas form provides better long-

term storage characteristics, but increases the risk of exposure to City staff and the public 
through accidental releases.  Building requirements for gas systems are particularly stringent 
due to the perceived risks of gas release.  Based on the safety benefits of sodium 
hypochlorite, use of purchased sodium hypochlorite is recommended. 

Based on the 
safety benefits, 
liquid 
hypochlorite is 
recommended. 

Disinfection System Design Criteria 
Design parameters used as the basis for evaluating alternatives include the following: 

MRTP 

Peak demand:   

• 

• 

Flow - maximum day (13.0 MGD) 
average day (8.7 MGD) 

Chlorine Dose – 1.3 mg/l  

Based upon these criteria, the chlorine gas usage is: 

13.0 MGD x 1.3 mg/L x 8.34 (lb-L/mg-MG) = 141.0 pounds of chlorine per day 

 8.7 MGD x 1.3 mg/l x 8.34 (lb-L/mg-MG) = 94 pounds of chlorine per day 

Based upon these criteria, the sodium hypochlorite usage is: 

141.0 lb Cl2/day x 0.96 gal NaOCl/lb Cl2 = 135.0 gal of NaOCl/day 

94 lb Cl2/day x 0.82 gal NaOCl/lb Cl2 = 91.0 gal of NaOCl/day 
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TTP 

• 

• 

• 
• 
• 

Flow - maximum day (8.0 MGD) 
average day (8 MGD) 

Chlorine Dose – 1.3 mg/l  

Based upon these criteria, the chlorine gas usage is: 

8.0 MGD x 1.3 mg/L x 8.34 (lb-L/mg-MG) = 86.7 pounds of chlorine per day 

Based upon these criteria, the sodium hypochlorite usage is: 

86.7 lb Cl2/day x 0.96 gal NaOCl/lb Cl2 = 83.3 gal of NaOCl/day 

Conceptual Alternatives 

Chlorine Gas 

Chlorine gas has been used at many water and wastewater treatment plants around the 
country because of its ease of use and cost-effectiveness and is currently in place at MRTP.  
However, safety issues and recent changes in the regulatory environment have made chlorine 
gas less desirable.  Chlorine gas cylinders are currently delivered to the MRTP for 
approximately $720 per ton cylinder.  In order for the existing chlorine gas system to be in 
compliance with the Uniform Fire Code (UFC), the following equipment must be installed: 

Secondary containment or emergency vapor scrubber 
Sprinkler system 
Chlorinators 

The threshold quantity of chlorine that requires a scrubber is 500 pounds or 1,000 pounds in 
buildings with sprinklers.  Article 80 of the UFC requires that the scrubber be sized to 
handle a full release of chlorine from the largest single storage container.  The 2003 UFC 
was updated to allow the use of secondary containment vessels in place of a scrubber.  
Therefore, the existing chlorine gas system could be brought up to code by the addition of 
secondary containment.  Should the City of Helena decide to keep the existing chlorine gas 
disinfection system, the City would be required to complete an OSHA Process Safety 
Management (PSM) Plan and a USEPA Risk Management Plan (RMP).  The federal 
Emergency Planning and Community Right-to-Know (EPCRA), US Department of 
Transportation loading and unloading regulation, and local fire and building codes will also 
apply.   

The existing chlorine system would be abandoned in place and a new chlorine system 
constructed. The existing system does not provide a gas cylinder lay down area or a reliable, 
safe method for chlorine transport. The new building area would be approximately 700 sf. 

Liquid Sodium Hypochlorite 

Hypochlorite can be delivered to the site for approximately $1.40 per gallon.  As a 12.5 
percent solution, hypochlorite can decay rapidly.  The extent of this decay is affected by the 
duration of storage, temperature, exposure to UV light (i.e. sunlight), and contamination.  
Assuming no contamination, bulk hypochlorite can be expected to decay from 12.5 percent 
to 11 percent after 30 days of storage at 70°F.  Based on a peak day hypochlorite usage of 
135 gallons per day, the 5,000 gallon storage tank of 12.5 percent solution would last 
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approximately six weeks.  Equipment required for a liquid hypochlorite system includes the 
following: 

• 
• 

• 

One 5,000 gallon storage tank 
Two 8 gallon-per-hour (gph) metering pumps 

 
Based on a average chlorine demand of 81 gallons per day, approximately 12,150 gallons per 
year of 12.5 percent hypochlorite would need to be delivered to the plant.   

In addition, the new chlorine room would be designed to comply with Article 80 of the 
Uniform Fire Code.  The most significant design requirements of a hypochlorite storage 
room include providing a fire suppression system and secondary containment of the volume 
of the storage tank plus 20 minutes of fire flow.  The estimated square footage of 300 sf is 
less than half that needed for chlorine gas. 

On-Site Sodium Hypochlorite Generation 

The dependability and cost effectiveness of on-site hypochlorite generation has been proven 
in the past several years.  Hypochlorite at approximately 0.8 percent solution strength is 
generated electrolitically from a 30 percent salt solution (brine).  At this strength, 
approximately 15 gallons of solution are required to provide 1 pound of chlorine equivalent.  
Because the concentration of chlorine is relatively low, larger metering pumps are required.   

The on-site generation of hypochlorite requires very pure salt (99.7%) to protect the 
electrodes from contamination.  To produce one pound of chlorine equivalent, typically 3 
pounds of salt, 15 gallons of water, and 2.5 kWh of electricity are required.  Salt is typically 
delivered in 50-pound bags or 2,500 pound “super-sacks.”  Super-sacks are the logical choice 
given the estimated peak chlorine demand.  Based on these requirements and the estimated 
chlorine demand, the following equipment would be required: 

One 300 pound per day on-site hypochlorite generation system. 

A large part of the annual maintenance allowance goes to periodic replacement of the 
electrodes, which is needed about once every five years.  On-site sodium hypochlorite 
generators are available from Severn Trent (Clor-Tec) and US Filter (OSEC).   Assuming the 
salt and brine are stored indoors, the building required would be 750 SF. 

Costs and Discussion 
Capital and operating costs for each of the alternatives were developed based on 
constructing a new chlorine room.  The annual operation and maintenance (O&M) costs for 
these alternatives are based on an annual average chlorine usage seen in the attached Table 
6-14.  Labor required for the gas system is expected to be greater than purchased sodium 
hypochlorite due to frequent cylinder replacement under peak flow conditions.  However, 
the chemical cost for sodium hypochlorite is much greater than gas.  These offsetting labor 
and chemical cost differences yield a very similar projection of total annual costs for 
operation and maintenance. 
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Table 6-14 Capital Costs for Chemical Alternatives 

 Chlorine Gas Liquid Sodium 
Hypochlorite 

On-Site 
Generation 

MRTP $950,000 $350,000 $700,000 

TTP $350,000 $200,000 $300,000 

 
Table 6-15 O&M Costs for Chemical Alternatives 

 Chlorine Gas Liquid Sodium 
Hypochlorite 

On-Site 
Generation 

MRTP $30,000 $35,000 $50,000 

TTP $30,000 $35,000 $50,000 

 

Since it is in liquid form, sodium hypochlorite is preferred from a safety perspective.  
However, sodium hypochlorite does not store well and operations will need to be carefully 
controlled to prevent chemical storage beyond two months.  Chlorine in gas form provides 
better long-term storage characteristics, but increases the risk of exposure to City staff and 
the public through accidental releases.  Based on the safety benefits of sodium hypochlorite, 
use of purchased sodium hypochlorite is recommended for both the MRTP and the TTP.      

References 
Water Treatment Plant Design, 3rd ed. American Water Works Association, New York, 
McGraw-Hill, 1998. 

White, G. C., Handbook of Chlorination and Alternative Disinfectants, 4th ed., New York, John 
Wiley & Sons, Inc., 1999. 

 



Treatment Plant Analysis  

6-47 

Appendix 6-C TTP Discharge Permit to Groundwater 
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Appendix 6-D Pretreatment Estimated Detailed Costs 
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Appendix 6-E Taste and Odor Estimated Detailed Costs 
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Appendix 6-F Disinfection Estimated Detailed Costs 
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Appendix 6-G MRTP Discharge Permit to Prickly Pear Creek 




































